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Section 1 Introduction

1.1

Purpose

1.2

The purpose of this test plan is to define the CTIA Certification program test requirements for performing
Radiated RF Power and Receiver Performance measurements on wireless devices.

Scope

1.3

This test plan defines general requirements for equipment configurations, laboratory techniques, test
methodologies, and evaluation criteria that must be met in order to ensure the accurate, repeatable, and
uniform testing of wireless devices to ensure that they meet CTIA Certification standards. This test plan
also defines a portion of the requirements that a laboratory must satisfy to qualify for and maintain CTIA
Certification Authorized Testing Laboratory (ATL) status (contact the CTIA Certification Program staff for
complete ATL requirements).

This test plan does not provide specific test equipment configurations or detailed test instructions by
which to execute certification testing. Such documentation and procedures must be presented by the
ATL as part of the CTIA Certification Authorization process and subsequently maintained and employed
by the ATL to remain authorized to perform Certification testing.

Applicable Documents

27

The following documents are referenced in this Test Plan. For undated references, the latest edition of
the referenced document applies. For dated references, only the edition cited applies. In the case where
the same reference is dated and undated, the specific reference to the document in the test plan shall be

considered to determine if the dated or undated version is to be used.

3GPP TS 05.05: Radio transmission and reception.
3GPP TS 25.331, V8.2.0 (2002-06): Radio Resource Control (RRC); Protocol Specification.

3GPP TS 34.108, vV8.2.0 (2006-10): Common test environments for User Equipment (UE); Conformance
testing.

3GPP TS 34.108: Common test environments for User Equipment (UE); Conformance testing.
3GPP TS 34.109: Terminal logical test interface; Special conformance testing functions.
3GPP TS 34.121-1: Radio transmission and reception (FDD); Part 1: Conformance specification.

3GPP TS 34.171 V7.1.0 (2004-08): Terminal conformance specification; Assisted Global Positioning
System (A-GPS); Frequency Division Duplex (FDD).

3GPP TS 36.101: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio
transmission and reception.

3GPP TS 36.133: Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of
radio resource management.
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3GPP TS 36.211: Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation.

3GPP TS 36.214: Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements.
3GPP TS 36.355: Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning Protocol (LPP).

3GPP TS 36.508: Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Packet Core (EPC);
Common test environments for User Equipment (UE) conformance testing.

3GPP TS 36.521-1: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
conformance specification Radio transmission and reception; Part 1: Conformance Testing.

3GPP TS 37.571-1: Universal Terrestrial Radio Access (UTRA) and Evolved UTRA (E-UTRA) and
Evolved Packet Core (EPC); User Equipment (UE) conformance specification for UE positioning; Part 1:
Conformance test specification.

3GPP TS 37.571-5: Universal Terrestrial Radio Access (UTRA) and Evolved UTRA (E-UTRA) and
Evolved Packet Core (EPC); User Equipment (UE) conformance specification for UE positioning; Part 5:
Test scenarios and assistance data.

3GPP TS 38.508-1: 5GS; User Equipment (UE) conformance specification; Part 1: Common test
environment.

3GPP TS 38.521-1: NR; User Equipment (UE) conformance specification; Radio transmission and
reception; Part 1: Range 1 Standalone

3GPP TS 44.031: Location Services (LCS); Mobile Station (MS) - Serving Mobile Location Centre (SMLC)
Radio Resource LCS Protocol (RRLP).

3GPP TS 45.005: Radio transmission and reception.
3GPP TS 51.010-1: Mobile Station (MS) conformance specification; Part 1: Conformance specification.

3GPP TS 51-010-1 V8.3.0 (2009-09): Mobile Station (MS) conformance specification; Part 1:
Conformance specification.

Alvin R. Tilley and Henry Dreyfuss Associates, The Measure of Man and Woman: Human Factors in
Design, Wiley, Dec. 31, 2001.

Beard, B.B, et al., “Comparisons of Computed Mobile Phone Induced SAR in the SAM Phantom to That in
Anatomically Correct Models of the Human Head”, IEEE Transactions On Electromagnetic Compatibility,
Vol. 48, No. 2, p. 397 - 407, May 2006.

Bugbee, William D., M.D. and Botte, Michael J., M.D, “Surface Anatomy of the Hand: The Relationships
Between Palmar Skin Creases and Osseous Anatomy”, Clinical Orthopaedics and Related Research, Vol.
296, pp. 122 - 126, 1993.

EN 50361:2001: Basic Standard for the measurement of Specific Absorption rate related to human
exposure to electromagnetic fields from mobile phones (300 MHz - 3 GHz).

ETSI TR 100 028 Parts 1 & 2: Electromagnetic compatibility and Radio spectrum Matters (ERM);
Uncertainties in the measurement of mobile radio equipment characteristics, 2001.

ETSI TR 102 273 V1.2.1: Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement
of radiated methods of measurement (using test sites) and evaluation of the corresponding measurement
uncertainties, 2001.

Gabriel, C., “Tissue Equivalent Material for Hand Head phantoms”, Physics in Medicine and Biology, Vol.
52, pp. 4205 - 4210, 2007.

Gregory, A.P., and Clarke, R.N., “Dielectric Metrology with Coaxial Sensors”, Measurement Science and
Technology, Vol. 18, No. 5, pp. 1372 -1386, 2007.

Greiner, Thomas M., Hand Anthropometry of US Army Personal, Army Natick Research Development and
Engineering Center, Technical Report Natick/TR-92/011, Dec. 1991.
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IEEE P1528.1™/D1.0 Draft Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Body from Wireless Communications Devices, 30 MHz - 6 GHz:
General Requirements for using the Finite Difference Time Domain (FDTD) Method for SAR Calculations.

IEEE P1528.3™/D2.0 Draft Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Body from Wireless Communications Devices, 30 MHz - 6 GHz:
General Requirements for using the Finite Difference Time Domain (FDTD) Modeling of Mobile Phones/
Personal Wireless Devices.

IEEE P1528.4™/D1.0 Draft Recommended Practice for Determining the Peak Spatial Average Specific
Absorption Rate (SAR) in the Human Body from Wireless Communications Devices, 30 MHz - 6 GHz:
Requirements for Using the Finite-Element Method for SAR Calculations, specifically involving
Vehicle-Mounted Antennas and Personal Wireless Devices.

IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption Rate (SAR)
in the Human Head from Wireless Communications Devices: Measurement Technique, |EEE, Inc.,
December 19, 2003.

IEEE, 1528™ SCC34 Draft Standard: Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless Communications Devices:
Experimental Techniques, April 2002.

International Organization for Standardization, Guide to the Expression of Uncertainty in Measurement,
Geneva, Switzerland, 1995.

ISO/IEC 17025:2005: General requirements for the competence of testing and calibration laboratories.

Li C-H., Ofli E., Chavannes N., and Kuster N., “The Effects of Hand Phantom on Mobile Phone Antenna
OTA Performance”, Proc. Second European Conference on Antennas and Propagation, EUCAP 2007,
Edinburgh, UK, November 11 - 16, 2007.

NIS 81, “The Treatment of Uncertainty in EMC Measurements,” Ed. 1, NAMAS Executive, National
Physical Laboratory, Teddington, Middlesex, TW11 OLW, England, 1994.

NIST, “Guidelines for evaluating and expressing the uncertainty of NIST measurement results”, Technical
Note 1297 (TN 1297), United States Department of Commerce Technology Administration, National
Institute of Standards and Technology, Gaithersburg, MD, 1994.

Ofli E., Chavannes N., and Kuster N., “The Uncertainties and Repeatability Limitations of Transmitter and

Receiver Performance Assessments Posed by Head Phantoms”, Proc. IEEE International Workshop on
Antenna Technology (IWAT06), New York, pp. 349-352, 2006.

OMA-AD-SUPL-V2_0-20110527-C, Candidate Version 2.0 (27 May 2011): Secure User Plane Location
Architecture.

TIA-866-1[E]: Recommended Minimum Performance Standards for cdma2000® High Rate Packet Data
Access Terminal - Addendum 1, January 2004.

TIA-866-A: Recommended Minimum Performance Standards for cdma2000® High Rate Packet Data
Access Terminal, January 2006.

TIA-916: Recommended Minimum Performance Specification for TIA/EIA/IS-801-1 Spread Spectrum
Mobile Station, April 2002.

TIA-98-E: Recommended Minimum Performance Standards for cdma2000 Spread Spectrum Mobiles
Stations, June 2001.
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1.4

Test Overview

1.5

This test plan presents the individual test procedures organized by type of test (Transmitter, Receiver)
and/or technology (CDMA, GSM, etc.).

The testing requirements fall into 3 categories:
1. Measuring the basic performance of the test chamber,
2. Measuring the path loss of the test system, and
3. Measuring the performance of the wireless device.

The basic performance of the test chamber is covered in Section 3, and includes a site validation method
used to determine the uncertainty contribution of the test system. Corrections for the path loss of the test
system, including range length, measurement antenna, cables, amplifiers, etc. are determined using the
range reference measurement described in Section 4. This measurement uses a calibrated reference
antenna to determine a relative correction value that can then be applied to measurement instrument
readings in order to determine the performance of the wireless device relative to a theoretical isotropic
radiator or receiver. The measurement of the wireless device is covered in Section 5 for radiated power
measurements and Section 6 for sensitivity measurements. On completion of the three measurement
categories, the results are processed as described in Appendix B. The overall measurement uncertainty
is calculated in the manner described in Section 7 (using Appendix G as a guide).

The test report requirements are defined in Appendix B.

Equipment Under Test (EUT) and Accessories—The Wireless Device

30

All samples submitted to a ATL for radiated performance testing shall be representative of typical
production units and will be able to comply with the regulatory requirements of the countries in which the
device is targeted to be sold. At the manufacturer's discretion, one or multiple samples may be
submitted. All samples must be provided to a single ATL responsible for OTA testing of the device,
known as the “primary” ATL. The primary ATL may distribute the device sample(s) to labs acting as a
subcontractor to the primary ATL.

The primary ATL and its subcontractors shall ensure that all of the requirements listed below are met:

. All sample devices must be capable of supporting all applicable radiated performance
test cases.

. If conducted measurements are required to be made for a given protocol, they shall be
performed on the sample and documented for each sample for each of the test
frequencies, bands, and protocols utilized.

. When multiple samples are provided, the EUT shall be randomly selected from among
the submitted samples such that a single EUT will be employed for tests within a:

—  Cellular Radio Mode

- Band

—  Test Type (e.g., A-GNSS, TRP, or TIS)

—  Test Condition (e.g., FS, BHHL or BHHR)
Example: If a manufacturer provides four sample devices to the ATL (Device A, B, C and
D) and the lab randomly selects Device C for execution of BHHR testing for TIS in UMTS
Band Il, then all radiated performance tests associated with this test condition, test type,
band and cellular radio mode must be executed with Device C only. In this example,
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BHHL testing for TIS in UMTS Band Il could be executed with a different
randomly-selected sample device. BHHR testing for TIS in UMTS Band V could be
executed using yet another randomly-selected sample device, etc.

. The test report must unambiguously state which sample and test system was used for
each test condition in order to comply with the traceability requirements of ISO/IEC
17025:2005.

. One or more authorized test systems may be utilized.

. For testing that employ relative measurements, such as single point offset test (SPOT) for
CA, a different chamber and sample may be used regardless of which was used for the
original test. Both the Test Configuration A and Test Configuration B tests which make up
the SPOT shall be performed in the same OTA chamber using the peak position and
polarization from the original (full) radiated test, regardless of which chamber it was
performed in. The delta between Test Configuration A and Test Configuration B shall be
applied to the original (full) radiated test as specified in Sections 5.11.1, 5.11.2, 6.15.1
and 6.15.2. If the laboratory chooses to utilize this option, the measurement uncertainty
for the alternate procedure shall be updated to reflect any differences in chamber
equipment or setup.

Units for test are to be supplied with all required peripherals and accessories, including the standard
battery and charger as supplied with the unit. For protocols requiring conducted measurements and an
RF port is available on the EUT, a calibrated RF adapter cable terminating in a common SMA or “type N”
connector shall be supplied for conducted measurements. The associated RF insertion loss for that cable
connection shall be included.

The sample devices for A-GNSS OTA for LTE shall be prepared by the manufacturer to ensure
compatibility with the test procedure herein which utilizes the Open Mobile Alliance (OMA) Secure User
Plane (SUPL) 2.0 protocol. Specifically, the manufacturer shall:

. Install the SUPL certificate(s) for the corresponding LTE A-GNSS test equipment used at
the “primary” ATL and at any labs acting as a subcontractor to the primary ATL. Ideally,
the manufacturer should install the SUPL certificates for all LTE A-GNSS test equipment
manufacturers referenced on the authorized equipment list.

. Provide a mechanism (application, hidden menu, support tool, etc.) that allows the ATL to
specify the SUPL server address and port or have this information pre-set on the device
for the corresponding LTE A-GNSS test equipment used at the “primary” ATL and at any
labs acting as a subcontractor to the primary ATL.

Alternatively, the manufacturer shall provide tools and detailed instructions that allow the CATLs to install
the SUPL certificates and set the SUPL server and ports themselves on any of the provided sample
devices for A-GNSS OTA for LTE.

1.6  Wireless Device Documentation
All documentation and accessories associated with the installation and operation of the EUT shall be
supplied. This includes, at a minimum:
. User guides or manuals
. Programming instructions
. Installation guides or manuals
. Service manuals, including manual control of EUT from Test Interface Unit and/or keypad
. All Base Station Simulator settings required to register the EUT and establish a call
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. Manufacturer declaration of primary mechanical mode of operation, i.e., portrait slide
open, fold open, or other mechanical configuration

. Diagram of all antennas tested using this test plan as supplied by the manufacturer:
— Each antenna shall be labelled with a letter, starting with the letter “A”
— Each unique antenna feed shall be associated with a unique label

— These labels shall be used by the ATL when completing the reporting tables in
Appendix B.1.

. Table B-2 as completed by the manufacturer:

—  Declaration of all bands and protocols supported by each antenna, and to which
transceiver functions the antenna are connected (transmitter, primary receiver,
secondary receiver)

—  Declaration of all antenna, band and protocol combinations that are activated
dynamically for RX functionality

—  Declaration of which antennas are dynamically tuned in such a way that offset -
tests (Section 5.11.1, Section 5.11.2, Section 6.15.1 and Section 6.15.2 cannot
be used when offset tests are being considered for use.)

—  Declaration of the baseline antenna receiver combination (switch state) to be
used as a baseline for testing devices supporting RX antenna switching (Section
6.19). Declaration of which switch states require testing according to Section
6.19.

. Instructions for enabling testing of devices supporting antenna switching (see Section
5.14 and Section 6.19.)

. Instructions for which channel(s) to test A-GNSS with LTE Band 12 (see Section
6.13.5.4.1)

. Manufacturer to report the targeted operators in order for LTE CA testing to be
determined according to the operator CA priority list (see Appendix O.8)

. For wrist-worn devices:

—  Declaration of the wristband to be used during the testing. The wristband to be
used shall be the wristband packaged with the end product. If wristbands are
provided separately, the wristband selection shall be based on the expected
worst-case wristband.

—  Declaration of the housing material to be used during the test based on the
expected worst-case material.

—  Declaration of the single arm orientation (WL or WR) to be used for test, based
on the expected worst-case orientation and based on input from target
operators.

In addition to the documentation, the manufacturer shall provide contact information including telephone
number and e-mail address of an individual responsible for providing technical and operational
assistance.
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Section 2 Scope of Measurements

2.1

Good radiated performance is critical to the effective operation of a wireless device in today's networks.
As devices become smaller, radiated performance can often become compromised. For example,
achieving an efficient antenna in a small size and over multiple frequency bands is a difficult task. A
comprehensive and accurate characterization of radiated performance will enable carriers and
manufacturers to determine how well wireless devices will work within the constraints of a specific
cellular network design.

Generally, peak EIRP (Effective Isotropic Radiated Power) is not a good indication of wireless
performance in the field. For example, if the radiation pattern of the EUT's antenna system is highly
directive, the peak EIRP would be high (since the antenna gain is high in one direction), but coverage
would be poor in other directions. In a cellular environment it is best to maximize the spatial coverage of
the antenna system so that the user does not have to point the antenna in one particular direction to get
good call performance. Further, the human head and/or hand can alter the shape and peak value of the
EUT radiation pattern. Losses due to the head and/or hand can vary significantly with frequency, device
size, and antenna design implemented. From a field performance perspective, measurement of the
average EIRP on a head and/or hand model is more meaningful than measurement of peak EIRP in
free-space conditions. This test plan requires average spherical effective isotropic radiated power
(termed Total Radiated Power, TRP) to be measured.

Receiver performance, or EIS (Effective Isotropic Sensitivity) is as important to the overall system
performance as transmitter performance. The downlink receive path is integral to the quality of the
device's operation. Poor receiver radiated performance will cause the user of the subscriber unit to hear
a low quality voice signal. This can also cause the subscriber unit to lose the base station signal
resulting in abrupt termination of the call. This test plan requires average spherical effective radiated
receiver sensitivity (termed, in the general sense, Total Isotropic Sensitivity, TIS) to be measured. A
frequent cause of poor sensitivity on a single channel, or a small number of channels, is due to receiver
in-band noise, or spurious signals from the transmitter itself being radiated back into the receiver. The
receiver sensitivity will be measured with the transmitter set to the maximum power output allowed by the
particular EUT and technology combination.

The procedures defined herein will a) evaluate the inherent performance of the test chamber used for the
measurements; b) detail the measurements of the transmitter performance (as TRP) and receiver
performance (as TIS) for the wireless device (measuring wireless performance in free-space and/or with
phantoms where appropriate); c) detail the method for calculation of the associated measurement
uncertainty.

Equipment Under Test (EUT) Measurements—Transmitter

33

The radiated RF performance of the Equipment Under Test (EUT) is measured by sampling the radiated
transmit power of the mobile at various locations surrounding the device. A three-dimensional
characterization of the 'transmit' performance of the EUT is pieced together by analyzing the data from
the spatially distributed measurements. Data points taken every 15 degrees in the theta (6) and in the
phi (¢) axes are deemed sufficient to fully characterize the EUT's Far-Field radiation pattern and total
radiated power. This accounts for a total of 264 measurements for each of two orthogonal polarizations
since measurements at theta = 0 and 180 degrees are not required. All of the measured power values
will be integrated to give a single figure of merit referred to as Total Radiated Power (TRP).
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2.2

Equipment Under Test (EUT) Measurements—Receiver

2.3

The receiver performance of the Equipment Under Test (EUT) is measured utilizing Bit Error Rate (BER),
Frame Error Rate (FER), or other error criteria. This test specification uses the appropriate error criteria
to evaluate effective radiated receiver sensitivity at each spatial measurement location. A
three-dimensional characterization of the receiver performance of the EUT is pieced together by
analyzing the data from the spatially distributed measurements. Data points taken every 30 degrees in
the theta (6) and in the phi (¢) axes are deemed sufficient to fully characterize the EUT's total isotropic
sensitivity. This accounts for a total of 60 measurements for each of two orthogonal polarizations since
measurements at theta = 0 and 180 degrees are not required. All of the measured sensitivity values for
each EUT test condition will be integrated to give a single figure of merit referred to as Total Isotropic
Sensitivity (TIS).

Some digital technologies and/or EUTs may not allow the measurement of error criteria without special
procedures for controlling the EUT. In this case, external cables and manual test commands may be
applied to the EUT for setup purposes only. All such cables must be removed and the EUT operated in
stand-alone battery powered mode during the data collection process.

Equipment Under Test (EUT) Measurements—General

34

Two acceptable methods of scanning the EUT are proposed. (1) The “conical” cut method, whereby the
EUT rotates on its long axis and the Measurement Antenna is moved (either mechanically in the case of
systems using a single Measurement Antenna or electrically for those systems using multiple
measurement antennas) to several locations both above and below the level of the EUT for each
rotation. (2) The “great circle” cut method, whereby the Measurement Antenna remains fixed and the
EUT is rotated about two axes in sequential order. Section 2.4 describes the Conical Cut Test Method;
Section 2.5 describes the Great Circle Cut Method. The test configurations detailed in Appendix A are
suggested testing methods; alternative positioning methods that yield data samples at the specified
angular locations with similar polarization properties are acceptable. Alternately, data point reduction
methods that reduce the measured data points near theta = 0° and theta = 180° while maintaining the
effective surface resolution required for a given test may be used, although additional uncertainty
contributions may be required.

In both Conical Cut and Great Circle Cut methods, the angle of elevation in the long axis of the EUT is
referred to as the theta angle, and the azimuth angle of the EUT is referred to as the phi angle. The axis
of turntable rotation will measure along the theta axis for the Great Circle Cut method, and along the phi
axis for the Conical Cut method. Although the data is gathered in a different order, the resultant data
from both methods is measured at the same (6, ¢) points and is processed in the same manner. The
Measurement Antenna should be capable of measuring in two orthogonal linear polarizations, E-phi and
E-theta. These two polarizations may be measured during a single EUT rotation or during subsequent
rotations.

The overall measurement of the EUT makes use of the data obtained from Section 4 to normalize the
measured performance of the EUT performed over a spherical surface with the EUT's antenna centered
in the sphere. A Base Station Simulator is used to set up calls to the EUT and to request reports of signal
strength that the EUT is measuring on the 'receive' frequency of the call. These two measurements may
be taken individually or together as part of a single set of sampling scans. Data is collected and stored
during the measurement step for delivery with the test report for each device tested.
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2.4

Depending on the type of device being tested, measurements will be made in the following
configurations:

1. A “free-space” configuration, whereby the EUT will be placed directly on a support made of
low dielectric material

2. A “head and hand phantom” configuration, whereby the EUT will be placed in a hand
phantom, against a head phantom,

3. A “hand phantom only” configuration, whereby the EUT will be placed in a hand phantom.

Coordinate systems and positioning requirements for all configurations are described in Appendix A.
The requirements for the head and hand phantoms are defined in Appendix C.

Measurements will be performed with the antenna of the EUT extended and retracted (if applicable) in
the test configurations.

Different measurement results may be obtained between positioning the EUT on the left or right ear of
the head phantom. As a result, this Test Plan requires the measurement of performance against both
ears for the head and hand phantom tests. In the interest of managing the overall test time, head
phantom only tests are no longer required.

Measurement variability may also be attributed to the level of fluid in the head phantom; especially when
the head phantom is positioned horizontally (Great Circle Cut). To minimize measurement uncertainties,
air bubbles in the head phantom should be eliminated by completely filling the head phantom with fluid.
Special care should be taken when performing Great Circle Cut measurements on the head phantom to
ensure the center of rotation is about the volume center of the EUT for free space measurements, about
the Ear Reference Point (see Appendix C.2) for head phantom testing and head and hand phantom
testing, and about the EUT’s display center for hand phantom testing.

Tests shall be performed on all possible EUT configurations (i.e., battery pack configurations, housing
schemes) unless it is demonstrated that there is negligible impact to performance with the different
options. It is the responsibility of the manufacturer to define which options represent the “baseline”
configuration and to provide adequate supporting data that validates assumptions for reduced testing of
the remaining options. At a minimum, a complete set of measurements is required for the baseline EUT
configuration.

Conical Cut Test Method

35

Figure A-26 in Appendix A shows a diagram of the Conical Cut measurement method. The Conical Cut
method requires the ability of the Measurement Antenna to be physically rotated in the theta plane
(overhead) of the EUT for implementations using a single Measurement Antenna. For systems using
multiple measurement antennas, the rotation in the theta plane is achieved by electrical selection of the
different antennas. Eleven conical cuts are required to capture data at every 15 degrees from the EUT,
whereas only five are required to capture data at 30-degree intervals; with the top (0 degrees) and
bottom (180 degrees) cuts not being measured. Typically, the EUT will remain affixed to a turntable
during the entire measurement process. The Measurement Antenna will be positioned at a starting theta
angle. The EUT will then be rotated around the full 360 degrees of phi rotation. The Measurement
Antenna will then be positioned at the next theta angle, and the process repeated.

Measurements of the radiated transmit power and receiver sensitivity should be recorded in both E-theta
and E-phi polarizations simultaneously to reduce measurement uncertainties due to EUT repositioning.
The EUT will report the power it measures in the receive-band by sending a message to the Base Station
Simulator (for technologies that support this function).
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2.5

Great Circle Test Method

36

The ear centered head phantom configuration shown in Appendix A is used in Figure 2-1 to illustrate the
pattern cuts that are taken with a Great Circle Cut system. The coordinate system shall be oriented such
that the Z-axis for a given configuration is along the horizontal axis. The pattern cuts are theta rotation
cuts. The vertical discs illustrate the 30 degree points on the rotation lines (which are orthogonal to the
discs). A measurement is carried out at every intersection of these vertical discs and the rotation lines
(except at the poles where theta = 0 and 180 degrees). Note that the illustration is for the 30 degree grid
points involved in the TIS measurement only. For the TRP tests, the grid of measurement points is much
more dense since the grid points are spaced by 15 degrees.

Figure 2-1 shows a cluster of measurement points towards the poles. It is due to this clustering that the
measurement data has to be 'weighted' by sin(theta) so that the requirement for uniform density of
measurement points around the sphere is achieved. As a consequence, it is pointless measuring at
theta angles of 0 and 180 degrees since these calculate out to zero.

With the Z-axis of the coordinate system horizontal and rolling in the elevation plane, the Great Circle Cut
test method will measure exactly the same (theta, phi) points as those measured by Conical Cut
systems.

For TIS tests, 6 Great Circle Cuts need to be made to completely measure the 3D sphere. These are
referred to as TO, T30, T60, T90, T120, and T150 where TO is the initial cut and is defined as the cut for
which the horizontal head has the test ear closest to the ground. Figure 2-2 illustrates the TO cut. For
TRP tests, TO should be the same cut, but given that the grid is 15 degrees; the series of cuts becomes
TO, T15, T30, T45, T60, T75, T90, T105, T120, T135, T150 and T165. The composite of these theta cuts
provides a three-dimensional view of the antenna pattern and performance.

The TO cut as shown in Figure 2-2 has been deliberately chosen so that the measurement will not
include the cut with the test ear uppermost, since this cut could potentially give corrupted results should
an air bubble have formed within the head. None of the cuts TO to T150 or T165 will be influenced by the
presence of an air bubble, provided a regular maintenance procedure for checking (and refilling if
necessary) the head phantom is in place and a hard limit on the size of the air bubble is imposed. It is
suggested that weekly checks should be made on the state of the liquid and that any air bubble that has
collected should not be allowed to exceed 25 mm in diameter when measured against a flat plate. Tests
performed with bubbles as large as 100 mm in diameter indicate that several tenths of a dB error can be
expected due to the bubble when near the phone. The magnitude of the effects in these tests indicates
that a suitably small bubble near the phone will have a negligible effect on the measured results. For the
purposes of this test plan, a bubble size less than 13 mm in diameter can be assumed to have a
negligible effect, even when near the phone. As long as this requirement is met, both the great circle or
conical cut methodology may be used on a head phantom with orientations other than vertical.

Wherever possible, measurements of the radiated transmit power and receiver sensitivity should be
recorded in both E-theta and E-phi polarizations simultaneously to reduce measurement uncertainties
due to EUT repositioning. The EUT will report the error criteria or the measurements needed to calculate
the error criteria that it measures in the receive-band by sending a message to the Base Station
Simulator (for technologies that support this function).

Figure 2-1 illustrates the measurement configuration for the Great Circle cut method.
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FIGURE 2-1

FIGURE 2-2

GREAT CIRCLE CUTS AND MEASUREMENT POINTS (FOR 30 DEGREE GRID)

THE GREAT CIRCLE TO CuT
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Theta Dependent Phi Step Size Optimization

38

An optional data point reduction optimization can be used for measurements performed using a conical
cut acquisition process in order to improve test time by as much as 25-35%. In this case, the ¢ angle
step size can be varied as a function of the & position according to the formula:

N (6) =1 +int((N,(90°) - 1) sin(6))

where Ny (6) is the minimum number of points at any given @position, N 4(90°) is defined as 360° divided
by the chosen ¢ angle step size, and int() refers to taking the integer portion of the result within the
parentheses. The ¢ angle step size for this 8 angle is then given by 360°/N¢(9). The target positions
may be rounded to the nearest whole degree if desired. It is also allowable to increase the number of
steps for any given @angle over the minimum defined above in order to align the angular ¢ positions to
even positions for one or more ¢ cut(s), allowing the optimization to be used for great circle cuts as well.
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Section 3 Test Site Characteristics and Quiet Zone Accuracy

3.1

This section describes the required procedure for ensuring sufficient quiet zone performance of the test
site. This procedure is required to characterize variations in field measurements caused by reflections
within an anechoic chamber. This test is designed to characterize the entire test system, including any
positioners and support structure.

The test procedure measures the azimuth plane pattern cuts of highly symmetrical dipoles and loops for
a number of positions and orientations within the desired quiet zone. The deviation of these pattern cuts
from a perfect circle (the ripple) is then used to determine the resulting measurement uncertainty through
a statistical analysis. Since the symmetry of the probe antennas is critical, a procedure for verifying its
symmetry is also provided.

Minimum Measurement Distance

39

This section describes the minimum measurement distance, R, which the Far-Field test site shall
provide. The measurement distance is defined as the distance from the center of rotation of the EUT to
the phase center (alternatively, if not accurately known, the nearest point) of the Measurement Antenna.
The minimum measurement distance is specified in Table 3-1, below.
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TABLE 3-1 MINIMUM MEASUREMENT DISTANCE FOR HANDHELD EUTs
Minimum
Band Lower Frequency | Upper Frequency Measurement
(MHz) (MHz) Distance R
(meters)
3GPP Band 71 617 698 1.46
3GPP Band 12 699 746 1.29
3GPP Band 17 704 746 1.28
3GPP Band 29 717 728 1.26
3GPP Band 13 746 787 1.21
3GPP Band 14 758 798 1.19
3GPP Band 26 814 894 1.1
Cellular (3GPP Band 5) 824 894 1.09
MBS (M-LMS Band) 919.75 927.25 0.98
GNSS 1574 1606 0.96
3GPP Band 70 TX 1695 1710 1.03
AWS-1 TX (3GPP Band 4 TX) 1710 1755 1.05
3GPP Band 66 TX 1710 1780 1.07
PCS (3GPP Band 2) 1850 1990 1.19
3GPP Band 25 1850 1995 1.20
3GPP Band 70 RX 1995 2020 1.21
AWS-1 RX (3GPP Band 4 RX) 2110 2155 1.29
3GPP Band 66 RX 2110 2200 1.32
3GPP Band 30 2305 2360 1.42
3GPP Band 7 2500 2690 1.61
3GPP Band 41 2496 2690 1.61
3GPP Band 48 3550 3700 2.22
3GPP Band 46 5150 5925 3.56

A test site shall provide at least the specified minimum measurement distance for all tests and validation
procedures described in this test plan. Alternatively, a minimum measurement distance of 1.2 m may be
used, provided the appropriate uncertainty term is included in the uncertainty budget for the test case.
This uncertainty term may be taken from Table G-6. Note that this uncertainty term is in addition to the
uncertainty term in Table G-1. This uncertainty term from Table G-6 shall only be applied once for small
(< 30 cm) or large (< 42 cm) form factor devices. It is understood that the uncertainty terms in Table G-6
are based on the large form factor, and as such, represent the worst case uncertainty expected.

These distances derived in the table above are the minimum recommended to facilitate measurement in
the Far-Field for the purposes of this test plan. They are based on selecting the strictest of the three
conventional Far-Field criteria within each band. These criteria express that the measurement distance
be greater than the largest of 2D%A (the phase uncertainty limit), 3D (the amplitude uncertainty limit), and
34 (the reactive Near-Field limit), where D is the dimension of the radiator and A is the free-space
wavelength at the frequency band of interest. For a free space test, D would simply be the largest
dimension of the EUT, but some portion of the head/hand phantom must be included in D for head/hand
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phantom tests. For purposes of this test plan, D is selected to be the dimension of that part of the head/
hand phantom that participates significantly in determining the TRP or TIS of the EUT, and is chosen as
300 mm. The details of the calculations are given for informational purposes only.

TABLE 3-2 DERIVATION OF MINIMUM MEASUREMENT DISTANCE FOR HANDHELD EUTS (INFORMATIVE
ONLY)
Lower Upper AL Au op? | R>3D | R >34, | Strictest
Band Frequency | Frequency R>= Criterion
(MHz) (MHz) (m) (m) ( )” (m) (m) (m)
m
3GPP Band 71 617 698 0.49 0.43 0.42 0.90 1.46 1.46
3GPP Band 12 699 746 0.43 0.40 0.45 0.90 1.29 1.29
3GPP Band 17 704 746 0.43 0.40 0.45 0.90 1.28 1.28
3GPP Band 29 77 728 0.42 0.41 0.44 0.90 1.26 1.26
3GPP Band 13 746 787 0.40 0.38 0.47 0.90 1.21 1.21
3GPP Band 14 758 798 0.40 0.38 0.48 0.90 1.19 1.19
Cellular 3GPP 814 894 0.37 0.34 0.54 0.90 1.1 1.11
Band 26
Cellular (3GPP 824 894 0.36 0.34 0.54 0.90 1.09 1.09
Band 5)
MBS (M-LMS 919.75 927.25 0.33 0.32 0.56 0.90 0.98 0.98
Band)
GNSS 1574 1606 0.19 0.19 0.96 0.90 0.57 0.96
3GPP Band 70 1695 1710 0.18 0.18 1.03 0.90 0.53 1.03
X
AWS-1TX 1710 1755 0.18 0.17 1.05 0.90 0.53 1.05
(3GPP Band 4
TX)
3GPP Band 66 1710 1780 0.18 0.17 1.07 0.90 0.53 1.07
X
PCS (3GPP 1850 1990 0.16 0.15 1.19 0.90 0.49 1.19
Band 2)
3GPP Band 25 1850 1995 0.16 0.15 1.20 0.90 0.49 1.20
3GPP Band 70 1995 2020 0.15 0.15 1,21 0.90 0.45 1.21
RX
AWS-1 RX 2110 2155 0.14 0.14 1.29 0.90 0.43 1.29
(3GPP Band 4
RX)
3GPP Band 66 2110 2200 0.14 0.14 1.32 0.90 0.43 1.32
RX
3GPP Band 30 2305 2360 0.13 0.13 1.42 0.90 0.39 1.42
3GPP Band 7 2500 2690 0.12 0.1 1.61 0.90 0.36 1.61
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TABLE 3-2 DERIVATION OF MINIMUM MEASUREMENT DISTANCE FOR HANDHELD EUTS (INFORMATIVE
ONLY)
Lower Upper AL Au 2p? | R>3D | R >34, | Strictest
Band Frequency | Frequency R > 1 Criterion
(MHz) (MHz) (m) (m) ( )” (m) (m) (m)
m
3GPP Band 41 2496 2690 0.12 0.1 1.61 0.90 0.36 1.61
3GPP Band 48 3550 3700 0.08 0.08 2.22 0.90 0.25 2.22
3GPP Band 46 5150 5925 0.06 0.05 3.56 0.90 0.17 3.56

3.2

Future additions of new frequency bands will follow the same Far-Field criteria derivation.

It is

understood that Near-Field measurement techniques can permit an accurate measurement to be
performed at distances smaller than those specified here, with proper mathematical manipulation of the
raw amplitude and phase data. Such systems may be considered by CTIA Certification for inclusion in
this test plan when they have been demonstrated for TRP and TIS measurements for the relevant
modulation methods.

Equipment Required

Details on the symmetry antenna can be found in Appendix F.

1.

Anechoic chamber and spherical positioning system to be characterized. For the purpose of
these tests, this chamber must be large enough to allow the Measurement Antenna (MA) to
be at least R (the minimum measurement distance specified in Table 3-1 for the frequency
band being tested) from center of rotation of the EUT and the test site must be reasonably
free of interference. This method is intended to characterize the effect of a variety of
positioning systems on the required pattern tests. However, reasonable precautions should
be taken to avoid designs that would reflect significant radiated energy back into the test
region or absorb significant energy out of the test region. Such systems may cause
significant error in the measurement results and defeat the purpose of this test.

Sleeve dipole probe antennas with less than £0.1 dB of asymmetry1 in the azimuth plane
pattern for each frequency called out in Section 3.3.

Loop probe antennas with less than +0.1 dB of asymmetry? in the azimuth plane pattern for
each frequency called out in Section 3.3.

Note: It is necessary that the above antennas be optimized for the respective frequencies as indicated in
Section 3.3.

4.
5.
6.

Low dielectric constant support structure (e.g. Styrofoam) for positioning the probe antennas
Measurement antenna(s) (e.g., horn or dipole used during antenna measurements)

Network analyzer or signal generator/measurement receiver.

1. The asymmetry specification for purposes of this measurement may be stated more specifically as the pattern shall not
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deviate from a perfect circle by more than 0.1 dB (0.2 dB peak-to-peak). Sleeve dipoles and center fed balanced loop
antennas are recommended since the cable and feed point may be arranged in such a way that interactions with the
measurement are minimized. The asymmetry specification holds only at the frequency at which the ripple test is performed
(see Table 3-3). The gain and efficiency of this antenna is immaterial since the measurement seeks to determine deviations
in the measured antenna pattern caused by reflections within the measurement chamber.

CTIA
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3.3  Test Frequencies

Frequencies to be used to test for quiet zone accuracy:

TABLE 3-3 QUIET ZONE ACCURACY FREQUENCIES
Band Test Frequency (MHz)
LTE 600 MHz (3GPP Bands 71)’ 617 £+ 1 MHz
LTE 700 MHz (3GPP Bands 12, 17, 29, 13, 14)1 722 + 1 MHz
Cellular (3GPP Band 5 and 26), and MBS' 836.5+ 1 MHz
GNSS (GPS L1 and GLONASS)1 1575.42 + 1 MHz
AWS-1 TX (3GPP Band 4 TX, 3GPP Band 70 TX, 3GPP Band 66 TX) 1732.5+1 MHz
PCS (3GPP Band 2 and 3GPP Band 25 and 3GPP Band 70 RX)1 1880 £ 1 MHz
AWS-1 RX (3GPP Band 4 RX and 3GPP Band 66 RX) 2132.5+1 MHz
Bands in the range 2300-2800 MHz (3GPP Bands 7, 30, 41 )1 2450 + 1 MHz
Bands in the range 3300-3800 MHz (3GPP Band 48)1 3600 + 1 MHz
Bands in the range 5000-6000 MHz (3GPP Band 46)1 5500 + 1 MHz
Note 1: Note that the test frequencies have been chosen to optimize the quiet zone test requirements.

3.4  Terminology and Coordinate Systems

43

This test procedure has been designed to be as generic as practical in order to produce similar results for
any test system. The principal goal is to qualify the behavior of the quiet zone from as many orientations
as practical.

Starting from the classical spherical coordinate system shown in Figure 3-1(a), the phi (¢) axis is defined
as being along the Z-axis. Treating this as the coordinate system of the EUT is the equivalent of
assuming the EUT is mounted directly to the phi-axis rotator. Then as the phi axis rotates, the orientation
of the theta axis varies with respect to the EUT (see Figure 3-1b).
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FIGURE 3-1 SPHERICAL COORDINATE SYSTEM
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In conjunction with defining the spherical coordinate system, it is necessary to define the two
polarizations to be used for measuring total field at each point. The polarizations are identified in terms
of the two rotational axes, such that the phi polarization is along the direction of motion when the phi axis
rotates and the theta polarization is along the direction of motion when the theta axis rotates (see Figure

3-2).

FIGURE 3-2 MEASUREMENT ANTENNA POLARIZATIONS
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The test plan assumes that the EUT will be supported by some sort of structure along the —Z-axis, which
is likely to obstruct or obscure the measurement of the data point at the € =180° point. The resulting
spherical coverage required for a pattern test (based on 15 degree steps) is given in Figure 3-3, which
shows that the whole 3D surface is included in the testing, with the exception of the area for which | 8| >
165. The ripple test is intended to cover the same range of angles for each axis as are required to
perform a pattern measurement. Thus, the theta-axis ripple test only extends to 8=165°.

FIGURE 3-3 SPHERICAL COVERAGE AND ORIENTATION OF SUPPORT STRUCTURE WITH
RESPECT TO COORDINATE SYSTEM

+Z

3

Support
Structure

For the purposes of these tests, two principal categories of positioning systems will be defined, based on
expected methods of performing spherical pattern tests. These are distributed-axes systems and
combined-axes systems. Distributed-axes systems move the measurement antenna about the EUT and
phi-axis positioner (Figure 3-4 a) and are representative of most conical cut method systems.
Combined-axes systems mount the phi-axis positioner on the theta-axis positioner to rotate the EUT
along two axes (Figure 3-4 b). Examples of this type of system include so-called multi-axis positioning
systems and the manual great-circle cut method. The ripple test is intended to cover the same range of
angles and perform an equivalent measurement no matter what the design of the positioning system.
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3.5

FIGURE 3-4 ILLUSTRATIONS OF TYPICAL DISTRIBUTED-AXES SYSTEM (A) AND COMBINED-AXES
SYSTEM (B)

I | B e T

(a) (b)

Basic Measurement Procedure

3.5.1

There are two main parts to the measurement procedure; the phi-axis ripple test and the theta-axis ripple
test. This procedure shall be followed to verify the performance of the test system for each variation in
the mounting system (i.e., free-space vs. head/hand phantom) to be used in normal testing. All required
mounting structure and test equipment required for normal testing shall be in place, subject to the
allowances specified below. Note that for manual great circle cut systems, it may be necessary to test
each different support used to position the EUT to different phi angles.

In addition, it is necessary to ensure the symmetry of the probe antennas used to perform the test. This
may be certified by a qualified calibration lab prior to their use, or may be verified onsite provided
sufficient symmetry exists in the probe antenna support structure to demonstrate the required symmetry.

Probe Antenna Symmetry Test

46

This test is intended for qualification of the symmetry of the probe antennas. It is not considered a direct
part of the ripple test, but rather a certification step to insure that the probe may be used to satisfy the
ripple test requirements. As such, the system configuration may be modified from the ripple test
configuration as required to perform this verification.

For each probe antenna to be verified, repeat the following steps:

1. Mount the probe antenna at the center of a dielectric support such that the probe's axis is
centered along the positioner's axis of rotation and the axis of rotation points through the nulls
in the pattern of the dipole or loop. (Normally this test would be done using the phi axis of the
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3.5.2

positioner, but either axis is acceptable as long as the desired result is achieved). Ensure that
there is no wobble in the orientation of the probe through a 360° rotation of the axis.

2. Place the Measurement Antenna in the co-polarized position (parallel to the axis of a dipole
and tangential to the loop) a distance at least R (the minimum measurement distance
specified in Table 3-1 for the frequency band being tested) meters away from the probe
antenna. Adjust the elevation of the Measurement Antenna to be at boresight with the center
of the probe antenna.

3. Attach a signal source to a coaxial cable feeding the probe antenna and set the frequency to
the appropriate channel. Set the amplitude to a level appropriate for the measurement
receiver. Connect a measurement receiver to the Measurement Antenna. Ensure that all
coaxial cables are dressed to minimize effects upon the measurement results.

4. Rotate the probe antenna about its axis and record the signal received by the Measurement
Antenna at every 2 degrees of azimuth for a total of 360°.

5. Record the measurement results to a file that can be imported into a Microsoft® Excel
spreadsheet.
6. Repeat steps 1 through 6 above for each probe antenna.

Note: The sleeve dipole and loop antennas may be combined into one reference assembly, thus
allowing the two data sets to be taken conjointly.

The total ripple observed in this symmetry test must be less than +0.1 dB from the mean (0.2 dB
peak-to-peak) in order for the associated probe antenna to be used for the remaining tests.

Phi-Axis Ripple Test

47

The phi-axis ripple test covers a cylindrical quiet zone 300 mm in diameter around the phi axis and 300
mm long. Each probe antenna is oriented with its axis parallel to the phi axis at a total of six positions
defined by three positions along the phi axis (one at the center of the quiet zone and one each + offset
along the phi axis), combined with one 150 mm offset perpendicular to the phi axis for each axial offset.
At each position, the phi axis is rotated 360° with the measurement antenna positioned at theta = 90° to
record the ripple. Each position is labeled by its radial and axial offset from the center position, (R,Z),
using 0, +, or — to represent the appropriate offset in each direction. See Figure 3-5 for additional
information.
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{

Measurement

FIGURE 3-5 PHI-AXIS TEST GEOMETRY
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For each polarization and band, repeat the following steps:

1.

Place the Measurement Antenna and any associated theta-axis positioner at theta = 90° such
that the Measurement Antenna is boresight with the center of the quiet zone. The
Measurement Antenna should be at the same separation distance to be used for actual
pattern measurements. This distance must be at least R (the minimum measurement
distance specified in Table 3-1 for the frequency band being tested) meters away from the
center of the quiet zone. Select or adjust the polarization to correspond to the polarization
(theta or phi) to be tested.

Mount the probe antenna to the phi-axis positioner using a low permittivity dielectric support.
Use the sleeve dipole for the theta polarization and the loop for the phi polarization. At each
of the six offset positions, ensure that the axis of the probe is parallel to the phi axis of
rotation.

Attach a signal source to a coaxial cable feeding the probe antenna and set the frequency to
the appropriate channel. Set the amplitude to a level appropriate for the measurement
receiver. Connect a measurement receiver to the Measurement Antenna. The received
signal during the ripple test measurement should be at least 40 dB above the noise floor or
noise errors greater than 0.1 dB will result. Ensure that all coaxial cables are dressed to
minimize effects upon the measurement results.

Rotate the probe antenna about the phi axis and record the signal received by the
Measurement Antenna at every 2 degrees of azimuth for a total of 360°.

Record the measurement results to a file that can be imported into a Microsoft® Excel
spreadsheet.

Record test parameters including: (a) the distance between the measurement and probe
antennas, (b) cable losses and other losses associated with the measurement setup, (c) the
power of the signal source at the probe antenna connector, and (d) the noise level of the
receiver with no signal applied.
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7. Repeat steps 1 through 6 above for each probe antenna (polarization and band) for each of
the 6 test positions, offsetting 150 mm +3 mm from the center of the quiet zone in each
direction along the phi axis and radially from the center.

3.5.3 Theta-Axis Ripple Test

The theta-axis ripple test covers a quiet zone sphere 300 mm in diameter. Each probe antenna is
oriented with its axis parallel to the theta axis at a total of seven positions defined by two 150 mm offsets
along each Cartesian axis. At each position, the theta axis is rotated from —165° to 165° with the
Measurement Antenna positioned at phi = 0°, or for two separate tests from 1-165° with the
measurement antenna positioned at phi = 0° and again at phi = 180°, to record the ripple. Each position
is labeled by its offset from the center position along each axis, (X, Y, Z), using 0, +, or — to represent the
appropriate offset in each direction. See

Figure 3-6 for additional information.

FIGURE 3-6 THETA-AXIS TEST GEOMETRY
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For each polarization and band, repeat the following steps:
1. Place the Measurement Antenna such that it is boresight with the center of the quiet zone.

The antenna should be at the same separation distance to be used for actual pattern
measurements. This distance must be at least R (the minimum measurement distance
specified in Table 3-1 for the frequency band being tested) meters away from the center of the
quiet zone. Select or adjust the polarization to correspond to the polarization (theta or phi) to
be tested.

2. With the phi-axis positioner set to 0° (or for both phi = 0 and 180° in cases where the theta
positioner range of motion is less than £165°) mount the probe antenna with its axis parallel to
the theta axis of rotation using a low permittivity dielectric support. Use the sleeve dipole for
the phi polarization and the loop for the theta polarization. At each of the seven offset
positions, ensure that the axis of the probe is parallel to the theta axis of rotation. In cases
where the theta positioner range of motion is less than +165°, the probe antenna and
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associated cables should maintain the same orientation with respect to the phi-axis positioner
structure for both the phi = 0 and 180° test cases. (That is, the probe should be mounted
such that it rotates with the phi positioner.)

Attach a signal source to a coaxial cable feeding the probe antenna and set the frequency to
the appropriate channel. Set the amplitude to a level appropriate for the measurement
receiver. Connect a measurement receiver to the Measurement Antenna. The received
signal during the ripple test measurement should be at least 40 dB above the noise floor or
noise errors greater than 0.1 dB will result. Ensure that all coaxial cables are dressed to
minimize effects upon the measurement results.

Rotate the probe antenna about the theta axis and record the signal received by the
Measurement Antenna at every 2 degrees of azimuth for a total of 330°, or two separate tests
of 164°.

Note: To cover the same range of angles at 2° steps, the range of the two individual tests is reduced by
one degree since the zero degree position is not measured.

5.

Record the measurement results to a file that can be imported into a Microsoft® Excel
spreadsheet.

Record test parameters including: (a) the distance between the measurement and probe
antennas, (b) cable losses and other losses associated with the measurement setup, (c) the
power of the signal source at the probe antenna connector, and (d) the noise level of the
receiver with no signal applied.

Repeat steps 1 through 6 above for each probe antenna (polarization and band) for each of
the 7 test positions, offsetting 150 mm +£3 mm from the center of the quiet zone along each of
the six cardinal directions.

3.5.4 Allowances and Adjustments

50

When implementing these tests on actual positioning systems, it is possible that there will be interference
issues between the required test positions and the mechanical support structure required to hold the
EUT or head/hand phantom during a test. This section details a list of allowances whereby the test
system may be modified slightly from its normal test configuration in order to perform the ripple tests.
Where possible, the alterations to the system should be minimized, and the final acceptability of any
adjustment shall be the decision of the appropriate CTIA Certification subject matter expert (SME).

1.

The portion of the support structure required to mount the EUT to the phi-axis positioning
structure for the free-space test may be removed to clear the region of the quiet zone for the
ripple test for both axes. The tester should be prepared to show that the structure removed
has a negligible impact on the free-space pattern measurement of the EUT, compared to the
remaining structure included in the ripple test.

Support materials with a dielectric constant less than 1.2 may be removed to a maximum
distance of 250 mm outside the quiet zone (400 mm from the center).

An adapter plate comprising up to 13 mm of dielectric material with a permittivity less than 4.5
and residing wholly within the footprint of the base of the head phantom base may be
considered part of the head phantom and removed with the head phantom for the purposes of
the ripple test. In addition, any support structure used to hold the hand phantom should be
removed, because a separate uncertainty term is used to address its effect.

For the phi-axis ripple test, where mechanical interference with support structure may prevent
rotation of the probe antennas around the phi axis, the phi-axis positioning structure may be
moved away from the quiet zone the minimum distance required to perform the (X,—) position
tests. It should not be necessary to move the support for the remaining phi-axis positions.
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5. To avoid near-field effects that may incorrectly bias the ripple test, no remaining support
material with a dielectric constant greater than 1.2 should be within 75 mm of any point on the
physical surface of the antenna portion of any probe. This is primarily expected to be an
issue for the theta-axis test where loops and dipoles may be expected to physically intersect
with any remaining head phantom support. To accommodate this possibility without
eliminating a required test point, the test point closest to the phi-axis support (0,0,—) may be
substituted with one of the following tests, in order of preference:

a. The maximum of the two points defined by offsetting 150 mm £3 mm in either direction
parallel to the theta axis (Y-axis) from the (0,0,—) point, labeled as (0,+,—) and (0,—, -),
may be substituted for (0,0,-).

b. If both of those points cannot be measured, either:

*  The maximum of the two points defined by offsetting 150 mm 3 mm in either
direction along the direction perpendicular to both the theta and phi axes (X-axis)
from the (0,0,-) point, labeled as (+,0,-) and (-,0,—), may be substituted for (0,0,—).
OR

*  The phi-axis positioning structure may be moved away from the quiet zone the
minimum distance required to provide the required clearance from the surface of the
probe antennas

FIGURE 3-7 ILLUSTRATION OF ALTERNATE PROBE POSITIONS ALLOWED FOR THETA-AXIS TEST
1
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6. In case the B-axis or ¢-axis positioning systems cannot accommodate 2° angular resolution,

a coarser angular sampling is allowed provided the number of offset positions along the
cardinal axes is increased accordingly. In any case, the sample spacing shall not exceed 15°.
The offset positions shall be computed in the following manner:

a. Determine the ratio of the achievable angular resolution to the nominally specified 2°
resolution.

b. Round this ratio up to the next whole number.

C. Divide 150 mm by the number obtained above and round to the nearest 5 mm. This will
be the offset increment.

d. Starting from the center, create the list of offset positions along the cardinal axes, each
position separated by the offset increment. The last offset will be exactly 150 mm, even if
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the distance between the penultimate and last offset positions will be less than one
increment (See examples in Table 3-4).

Consider the following acceptable examples for various angular resolutions:

TABLE 3-4

EXAMPLE SCENARIOS FOR REDUCED ANGULAR RESOLUTION RIPPLE TESTS

Angular
Resolution

(deg)

Rounded Ratio
of Resolution
Relative to 2°

Offset
Increment
(mm)

X-Offsets
(mm)

Y-Offsets
(mm)

Z-Offsets
(mm)

2

150

+150

+150

+150

5

50

+50, 100,
+150

+50, 100,
+150

+50, +100,
+150

10

30

+30, +60, +90,
+120, £150

+30, +60, +90,
+120, £150

%30, %60, +90,
+120, £150

15

20

120, %40, +60,
%80, £100,
+120, £140,
+150

+20, +40, +60,
%80, 100,
+120, £140,
+150

120, %40, +60,
%80, £100,
+120, £140,
+150

3.6

Additional Ripple Test Requirements for Notebook-Sized Test Volumes

52

Prior to certification testing of notebooks or similar devices not fitting within a 300 mm diameter sphere,
additional ripple tests will be required. The quiet zone shall be probed following the methods described
in Section 3.4 and Section 3.5, but with added probe antenna offsets corresponding to the largest volume
for which the test system will be authorized. Additional allowances have been incorporated in the test
procedure to accommodate ripple testing with commonly used positioners and fixtures previously
certified for handset testing. The overall results shall be used in estimating measurement uncertainty for
these larger devices. To have the most accurate uncertainty estimates for different types of test objects, it
is recommended that the ATL provides separate uncertainty calculations for handset measurements and
notebook measurements.

The following subsections describe changes and additions to the tests described in Section 3.5 for a
notebook type device with maximum physical dimension, D. For notebook testing, D shall be assumed to
be 500 mm, which accounts for the maximum distance from corner to corner in the largest available
“desktop replacement” notebooks. Notebooks with large form factors typically are wider than tall and
have the embedded antennas located in the display. For these reasons and to accommodate existing
positioner systems, the ripple test will assume that there will be no source of radiation at Z < -150 mm.
The effective ripple scan volume will be a cylinder of diameter D = 500 mm and axial extension from Z =
—150 mm to Z = 210 mm. See Figure 3-8 for an illustration of the alternate test volume for notebooks.
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FIGURE 3-8 ILLUSTRATION OF THE INCREASE IN TEST VOLUME FOR NOTEBOOKS
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3.6.1 Probe Antenna Symmetry Test

Provided all ripple tests are performed using the same probe antennas, no additional testing is required
to validate the probe antenna symmetry.

3.6.2 Extensions to Phi-Axis Ripple Test

Perform the test as described in Section 3.5.2 for all probe antennas and all bands, but at four additional
probe antenna offsets along the radial and axial directions. The four supplementary (R,Z) positions will

then be at (0, +210 mm), (+250 mm, —150 mm), (+250 mm, 0), (+250 mm, +210 mm).
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ILLUSTRATION OF THE ADDITIONAL PHI-AXIS RIPPLE TEST LOCATIONS FOR
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3.6.3 Extension to Theta-Axis Ripple Test

Perform the test as described in Section 3.5.3 for all probe antennas and all bands, but at five additional
offset positions. The five supplementary positions will be along the cardinal axes at (X,Y,Z) coordinates

given by (250 mm, 0, 0), (0, £250 mm, 0), and (0, 0, +210 mm).

ILLUSTRATION OF THE ADDITIONAL THETA-AXIS RIPPLE TEST LOCATIONS FOR
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3.6.4 Additions to Allowances and Adjustments

55

This section describes modifications to the allowances that are given in Section 3.5.4 that will be made to
accommodate the ripple test in practical automated systems. Where possible, the alterations to the
system should be minimized, and the final acceptability of any adjustment shall be the decision of the
appropriate CTIA Certification subject matter expert (SME).

1.

The portion of the support structure required to mount the EUT to the phi-axis positioning
structure for the free-space test may be removed to clear the region of the quiet zone for the
ripple test for both axes. The tester should be prepared to show that the structure removed
has a negligible impact on the free-space pattern measurement of the EUT, compared to the
remaining structure included in the ripple test.

Support materials with a dielectric constant less than 1.2 may be removed to a maximum
distance of 250 mm outside the quiet zone (400 mm from the center).

An adapter plate comprising up to 13 mm of dielectric material with a permittivity less than 4.5
and residing wholly within the footprint of the notebook base may be considered part of the
notebook and removed for purposes of the ripple test. Additional dielectric brackets and
fixtures necessary to maintain screen notebook and display position will also be removed for
the purposes of the ripple test, provided the dielectric material has a permittivity of less than
4.5, and these materials protrude less than 13 mm beyond any surface of the notebook, and
such fixtures are not physically located within 100 mm of the tested antenna(s) in the device.

For the phi-axis ripple test, where mechanical interference with support structure may prevent
rotation of the probe antennas around the phi-axis, the phi-axis positioning structure may be
moved away from the quiet zone the minimum distance required to perform the (+250 mm,
—150 mm) position tests. It should not be necessary to move the support for the remaining
phi-axis positions.

To avoid near-field effects that may incorrectly bias the ripple test, no remaining support
material with a dielectric constant greater than 1.2 should be within 75 mm of any point on
the physical surface of the antenna portion of any probe. This is primarily expected to be an
issue for the theta-axis test where loops and dipoles may be expected to physically intersect
with any remaining SAM phantom support. As this ripple test has been limited to —150 mm
offsets along the Z-axis, the following text is identical to the text in Section 3 except that for
clarity, the “+/=" notation has been replaced with specific coordinates. The test point closest to
the phi-axis support (0, 0, —150 mm) may be substituted with one of the following tests, in
order of preference:

The maximum of the two points defined by offsetting 150 mm 3 mm in either direction
parallel to the theta axis (Y-axis) from the (0,0, —150 mm) point, labeled as (0, +150 mm,
—150 mm) and (0, =150 mm, —150 mm), may be substituted for (0, 0, =150 mm).

If both of those points cannot be measured, either:

—  The maximum of the two points defined by offsetting 150 mm +3 mm in either
direction along the direction perpendicular to both the theta- and phi-axes
(X-axis) from the (0, 0, —150 mm) point, labeled as (150 mm, 0, 150 mm) and
(=150 mm, 0, =150 mm), may be substituted for (0, 0, —150 mm).

or

—  The phi-axis positioning structure may be moved away from the quiet zone the
minimum distance required to provide the required clearance from the surface of
the probe antennas.

In case the B-axis or ¢-axis positioning systems cannot accommodate 2° angular resolution, a
coarser angular sampling is allowed provided the number of offset positions along the
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cardinal axes is increased accordingly. In any case, the sample spacing shall not exceed 15°.
The offset positions shall be computed in the following manner:

a. Determine the ratio of the achievable angular resolution to the nominally specified 2°
resolution.

Round this ratio up to the next whole number.
Multiply this ratio by 0.4 to account for the increase in radius of the test volume.

Round this ratio up to the next whole number.

© 2 o T

Divide 100 mm by the number obtained above and round to the nearest 5 mm. This will
be the offset increment.

f. Starting from 150 mm, create the list of offset positions along the cardinal axes, each
position separated by the offset increment calculated above. The last offset will be
exactly 250 mm for the X- and Y-axes and 210 mm for the +Z-axis, even if the distance
between the penultimate and last offset positions will be less than one increment.

Applying the Ripple Test Procedure to Specific Systems

The procedure presented in the previous sections should be applicable to any fully automated spherical
pattern measurement system. This section provides several illustrations to assist in interpretation of the
requirements for different system types.

FIGURE 3-11  PHI-AXIS TEST GEOMETRY FOR A TYPICAL DISTRIBUTED-AXES SYSTEM (A), AND A
TyPICAL COMBINED-AXES SYSTEM (B)
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FIGURE 3-12  THETA-AXIS TEST GEOMETRY FOR A TYPICAL DISTRIBUTED-AXES SYSTEM (A),
AND A TYPICAL COMBINED-AXES SYSTEM (B)
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FIGURE 3-13 EXAMPLE ILLUSTRATING SOME ALLOWED ALTERATIONS OF TEST SETUP FOR
PHI-AXIS
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3.8

FIGURE 3-14 EXAMPLE ILLUSTRATING ALTERNATE POSITIONS AND ALLOWED ALTERATIONS FOR
THETA-AXIS TEST

Rotate Theta

(Measurement
Antenna)
i To To
; %7 MA MA
777777 Cjz.ﬁ h : T T T (Theta Axis) - T T (Phi Axis)
e Procedure allows ;
e, em———  alternate probe i
' o positions for :
theta-axis test. > Rotate Theta

(Theta Axis)

(Turntable)

(a) (b)

Refer to text for details.

Analysis

58

1. Adjust the off-axis ripple measurements to correct for distance variation using the equation for
the Law of Cosines (see Figure 3-15).

Note: For long range lengths where this adjustment may be considered negligible, it is not required to
apply the correction.

2. Plot the corrected patterns using polar coordinates.

3. Use the procedures defined in Appendix G.8.1.1 to calculate the resulting measurement
uncertainty due to the ripple test results.

4. The plot and calculated results are to be supplied as part of the ATL authorization process.
Law of Cosines Adjustment Method (for Far-Field testing)

For coplanar antennas, the Law of Cosines may be used to determine the distance between antennas as
one is rotated about a center axis. Since each ripple test measurement is self-referencing, minor
differences in elevation will have only second or third order effects on the result. Refer to Figure 3-15 to
aid in understanding this discussion.

Note: This illustration is a view from the perspective of looking down on vertically oriented antennas
from above.
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FIGURE 3-15 GEOMETRY FOR LAW OF COSINES RANGE LENGTH ADJUSTMENT

+ € Measurement
\ /’ antenna
\\ / Point of closest approach
V4 e between probe antenna
A R and measurement antenna.

Axis of Rotation (d=1-r)
for required test
(theta or phi). /

o =r+F-2rlcos(a)

. Let | be the distance measured between the axis of rotation and the Measurement
Antenna

. Let r be the measured distance that the probe antenna is offset from the axis of rotation.

. Let o be the rotation angle of the probe antenna where 0-degrees is the point where the
probe antenna is closest to the Measurement Antenna and 180-degrees is the point
where the probe antenna is farthest away from the Measurement Antenna. This is either
the theta or phi angle for the associated ripple test, with the required angular offset
applied (i.e. &= 6+ 0, 90, or 180°). The corrections for the phi-axis test may be simplified
by starting with the probe antenna closest to the measurement antenna so that o= ¢.

. Let d be the calculated distance between the probe antenna and the Measurement
Antenna. Then d may be calculated from the Law of Cosines as follows:

EQUATION 3.1

d2=r2+12—2rlcos(a)

. Adjust the measured signal power to account for distance variation using the following
equation:

EQUATION 3.2
Pad/- (dBm) = P,,,,s (dBm) + 20 log (d/I) (dB)

Note: Parameter r and | must be carefully measured and recorded to enable accurate application of this
technique.
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Section 4 Range Reference Requirements

This section describes the required procedure for obtaining the reference measurement used in
removing the test system's influence from the Radiated Power and Sensitivity measurements. Before
accurate measurements of quantities such as TRP, EIRP, TIS, or EIS can be made, it is necessary to
perform a reference measurement to account for the various factors affecting the measurement of these
quantities. These factors include components like range length path loss, gain of the receive antenna,
cable losses, and so forth. This reference measurement is done using a reference antenna (typically
either a dipole or standard gain horn) with known gain characteristics. The reference antenna is
mounted at the center of the quiet zone to serve as the substitution antenna under test (AUT). The
reference measurement is repeated for each variation of the measurement system (i.e., each
polarization of the receive antenna, and each possible signal path to the measurement equipment). The
reference measurement is combined with the gain of the reference antenna to determine an isotropic
reference correction to be applied to EUT measurements performed using the test system.

This procedure shall be repeated annually, and any time there is a change in the measurement system
that may affect the validity of this reference measurement. For non-permanent range installations (those
where elements of the test system are disassembled or removed between tests) this procedure shall be
repeated each time the range is reconfigured. It is recommended to perform this procedure on a monthly
or quarterly basis to determine system stability.

4.1  Theoretical Background
Each individual data point in a radiated power or sensitivity measurement is referred to as the effective
isotropic radiated power or effective isotropic sensitivity. That is, the desired information is how the
measured quantity relates to the same quantity from an isotropic radiator. Thus, the reference
measurement must relate the power received or transmitted at the EUT test equipment (spectrum
analyzer or communication tester) back to the power transmitted or received at a theoretical isotropic
radiator. The total path loss then, is just the difference in dB between the power transmitted or received
at the isotropic radiator and that seen at the test equipment (see Figure 4-1).
FIGURE 4-1 THEORETICAL CASE FOR DETERMINING PATH LOSS
Total Path Loss
5 s h
W ,\S\SV PMA Wireless
< ;D:/ Clﬁ-TE Device
hl = Test
r | e
N; %em GMA Pr[-j Equipment
Isotropic
Radiator
In equation form, this becomes:
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EQUATION 4.1
PL = Py — Py

where PL is the total path loss, P;gq is the power radiated by the theoretical isotropic radiator, and Prg is
the power received at the test equipment port. As can be seen in Figure 4-1, this quantity includes the
range path loss due to the range length r, the gain of the measurement antenna, and any loss terms
associated with the cabling, connections, amplifiers, splitters, etc. between the measurement antenna
and the test equipment port.

Figure 4-2 shows a typical real world configuration for measuring the path loss. In this case, a reference
antenna with known gain is used in place of the theoretical isotropic source. The path loss may then be
determined from the power into the reference antenna by adding the gain of the reference antenna. That
is:

EQUATION 4.2

Pgo = Py + Gy,

where PR, is the power radiated by reference antenna, and Gg, is the gain of the reference antenna, so
that:

EQUATION 4.3
PL=P,+G,, —P,
FIGURE 4-2 TyPICAL CONFIGURATION FOR MEASURING PATH LOSS

Total Path Loss
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G
PIS o MA

Signal

Receiver
Generator

In order to determine Py, it is necessary to perform a cable reference measurement to remove the
effects of the cable loss between signal generator and reference antenna clg; _ g4, and between the test
equipment port and the receiver. This establishes a reference point at the input to the reference antenna.
Figure 4-3 illustrates the cable reference measurement configuration. Assuming the power level at the
signal generator is fixed, it is easy to show that the difference between P, and Pz in Figure 4-2 is given
by:
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4.2

EQUATION 4.4
Pry- Prgp = Pgy- Py

FIGURE 4-3 CABLE REFERENCE CALIBRATION CONFIGURATION

PRA :PTE ’
ClSG-RA CITE-RX
PSG\ /PRX’
Signal Receiver

Generator

where Pry 'is the power measured at the receiver during the cable reference test, and Pgy is the power
measured at the receiver during the range path loss measurement in Figure 4-2. Note that this
formulation assumes that the effects of the reference antenna VSWR are accounted for in the gain of the
reference antenna. For more information on this subject, refer to [1]. Thus, the path loss is then just
given by:

EQUATION 4.5

PL = Gy + Pry- Pry

Equipment Required

62

1. Anechoic chamber and spherical positioning system previously characterized per, and
meeting the requirements specified in Section 3.

2. Reference antenna(s) with valid calibrations to cover the required range of test frequencies.
Low uncertainty precision calibrated sleeve dipoles are recommended as the reference
antenna up to 2.5 GHz. Standard gain horns are recommended above 2.5 GHz. The
calculated gain of standard gain antennas may be used provided the performance of the
antenna has been verified and an uncertainty value has been determined for the calculated
gain of the antenna. Other antennas may be used; however, the uncertainty contribution to
the resulting measurements due to calibration and phase center issues may be significant.

3. Low dielectric constant support structure (e.g., Styrofoam) for positioning the reference
antennas.

4. Measurement antenna(s) (e.g. horn or dipole used to perform measurements of the EUT).

Note: If multiple measurement antennas are used to cover the required frequency range, the reference
measurement must be repeated each time the antennas are repositioned, unless a permanent mounting
fixture is used to guarantee repeatable performance. These should be the same antennas used in
performing the site characterization in Section 3.

5. Network analyzer, spectrum analyzer with tracking generator, or stable signal generator and
measurement receiver (spectrum analyzer, power meter, etc.) having a wide dynamic range
and high linearity, all with current calibration(s).
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6. All RF cabling, splitters, combiners, switches, attenuators, etc. required to connect the
measurement antenna(s) to the test equipment used for measuring radiated power and
sensitivity of the EUT. The connection to the receiver or communication tester used to
perform the EUT measurement shall be referred to as the “test port” in this section. These
components will be characterized along with the range length and measurement antenna
contributions.

7. Additional cabling to reach from the signal source to the reference antenna (the reference
port), and from both the reference antenna location and the test port to the receiver input.
The source cabling to the reference antenna should be treated with ferrite beads and routed
to minimize its influence on the reference measurement. The effects of these cables will be
removed from the reference measurement; however, cable lengths should be kept as short as
possible to reduce the associated path loss.

8. Low loss cable adapters for performing various interconnects. These should be
characterized to determine their influence on the measurements. That influence may be
corrected for if measured, or applied to the measurement uncertainty if estimated.

Optional 3 to 10 dB fixed attenuators for reducing standing wave effects in cables.
10. Optional 50 € terminations.

4.3  Test Frequencies
Table 4-1 provides the minimum list of reference frequencies to be measured. This assumes that the
performance of the test system is relatively flat so that minor variations in frequency around these points
will have negligible effect on the reference value. If this is not the case, additional points should be taken
to cover each expected EUT test frequency. A swept spectrum reference measurement is recommended
to ensure that there aren't any sharp resonances in the measurement system near a required test
frequency.
TABLE 4-1 TEST FREQUENCIES FOR THE REFERENCE MEASUREMENT
Band Frequency (MHz)

3GPP Band 71, TX low 663

3GPP Band 71, RX low 617

3GPP Band 71, TX mid 680.5

3GPP Band 71, RX mid 634.5

3GPP Band 71, TX high 698

3GPP Band 71, RX high 652

3GPP Band 12, TX low 699

3GPP Band 12, RX low 729

3GPP Band 12, TX mid 707.5

3GPP Band 12, RX mid 737.5

3GPP Band 12, TX high 716

3GPP Band 12, RX high 746

3GPP Band 17, TX low 704

3GPP Band 17, RX low 734
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TABLE 4-1

TEST FREQUENCIES FOR THE REFERENCE MEASUREMENT

Band Frequency (MHz)

3GPP Band 17, TX mid 710
3GPP Band 17, RX mid 740
3GPP Band 17, TX high 716
3GPP Band 17, RX high 746
3GPP Band 29, RX low 717
3GPP Band 29, RX mid 722.5
3GPP Band 29, RX high 728
3GPP Band 13, TX low 777
3GPP Band 13, RX low 746
3GPP Band 13, TX mid 782
3GPP Band 13, RX mid 751
3GPP Band 13, TX high 787
3GPP Band 13, RX high 756
3GPP Band 14, TX low 788
3GPP Band 14, RX low 758
3GPP Band 14, TX mid 793
3GPP Band 14, RX mid 763
3GPP Band 14, TX high 798
3GPP Band 14, RX high 768
3GPP Band 26, TX low 814
3GPP Band 26, RX low 859
3GPP Band 26, TX mid 831.5
3GPP Band 26, RX mid 876.5
3GPP Band 26, TX high 849
3GPP Band 26, RX high 894
Cellular (3GPP Band 5), TX low 824
Cellular (3GPP Band 5), RX low 869
Cellular (3GPP Band 5), TX mid 836.5
Cellular (3GPP Band 5), RX mid 881.5
Cellular (3GPP Band 5), TX high 849
Cellular (3GPP Band 5), RX high 894
MBS (M-LMS Band) 925.977
GPS L1 1575.42
GLONASS 1602
PCS (3GPP Band 2), TX low 1850
PCS (3GPP Band 2), RX low 1930
PCS (3GPP Band 2), TX mid 1880
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TABLE 4-1

TEST FREQUENCIES FOR THE REFERENCE MEASUREMENT

Band Frequency (MHz)
PCS (3GPP Band 2), RX mid 1960
PCS (3GPP Band 2), TX high 1910
PCS (3GPP Band 2), RX high 1990
3GPP Band 25, TX low 1850
3GPP Band 25, RX low 1930
3GPP Band 25, TX mid 1882.5
3GPP Band 25, RX mid 1962.5
3GPP Band 25, TX high 1915
3GPP Band 25, RX high 1995
3GPP Band 70, TX low 1695
3GPP Band 70, RX low 1995
3GPP Band 70, TX mid 1702.5
3GPP Band 70, RX mid 2002.5
3GPP Band 70, TX high 1710
3GPP Band 70, RX high 2010
3GPP Band 70, DL only RX high 2020
AWS-1 (3GPP Band 4), TX low 1710
AWS-1 (3GPP Band 4), RX low 2110
AWS-1 (3GPP Band 4), TX mid 1732.5
AWS-1 (3GPP Band 4), RX mid 21325
AWS-1 (3GPP Band 4), TX high 1755
AWS-1 (3GPP Band 4), RX high 2155
3GPP Band 66, TX low 1710
3GPP Band 66, RX low 2110
3GPP Band 66, TX mid 1745
3GPP Band 66, RX mid 2145
3GPP Band 66, TX high 1780
3GPP Band 66, RX high 2180
3GPP Band 66, DL only RX high 2200
3GPP Band 30, TX low 2305
3GPP Band 30, RX low 2350
3GPP Band 30, TX mid 2310
3GPP Band 30, RX mid 2355
3GPP Band 30, TX high 2315
3GPP Band 30, RX high 2360
3GPP Band 7, TX low 2500
3GPP Band 7, RX low 2620
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4.4

TABLE 4-1 TEST FREQUENCIES FOR THE REFERENCE MEASUREMENT
Band Frequency (MHz)
3GPP Band 7, TX mid 2535
3GPP Band 7, RX mid 2655
3GPP Band 7, TX high 2570
3GPP Band 7, RX high 2690
3GPP Band 41, TRX low 2496
3GPP Band 41, TRX mid 2593
3GPP Band 41, TRX high 2690
3GPP Band 48, TRX low 3550
3GPP Band 48 TRX mid 3625
3GPP Band 48, TRX high 3700
3GPP Band 46 RX low 5150
3GPP Band 46, RX mid 5537.5
3GPP Band 46, RX high 5925

Test Procedure

441

The range reference measurement is performed in a two-step process whereby the effects of the cables
and equipment external to the normal operation of the range are removed from the resulting reference
values. By performing the measurement in this manner, the measurement uncertainty is reduced, since
the result relies on the linearity of the receiver rather than its absolute value accuracy. Additionally,
measuring all components of the signal path at once results in only one measurement uncertainty
contribution to the total measurement uncertainty of the path loss measurement; as opposed to
measuring the loss of each component and combining them for a total loss, which increases the
uncertainty by the square root of the number of measurements required.

Measurement Step 1: Source Reference Test (Cable Calibration)

66

The first step involves measuring the frequency response of all cabling, connectors, and equipment that
are not a part of the test system. This step is normally only done once, provided all required test
frequencies can be covered with one set of cables. If different cabling configurations are required for
each polarization of the reference antenna, etc., this step must be repeated for each configuration. The
two steps should be performed sequentially for each configuration to avoid additional uncertainty
contributions due to changes in connections, etc.

For each configuration, perform the following steps:

1. Route the source cable(s) from the signal generator or output port of the network analyzer to
the mounting location of the reference antenna. A minimum of 3 dB (preferably 10 dB) pad is
recommended at the output (reference antenna side) of the cable to minimize standing
waves. This output connection is defined as the reference port.

2. Connect the output of the source cable to the receiver or input port of the network analyzer,
either directly (if the receiver can be moved to accommodate this connection) or through
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4.4.2

another cable (the loopback cable). An additional pad is recommended at the input port of
the receiver or at the end of the loopback cable if used.

3. Ensure all equipment has been powered on long enough to have stabilized.

Perform a frequency scan or sweep to cover the required test frequencies and record the
result. The power level of the signal source must remain fixed for all measurements. Ensure
that the received signal is below the compression point of the receiver and any amplifiers or
other components in the system (linear region) and sufficiently far above the noise floor of the
receiver to account for the expected range path loss. It is recommended that all receivers be
set to narrow bandwidth to obtain the lowest possible noise floor. Depending on the
equipment used, refer to the following procedure:

a. For a vector network analyzer, first record the swept frequency response curve with no
calibration applied. This will be used for verifying that the analyzer is in the appropriate
linear region (not overloaded) and has enough dynamic range. Perform a calibration of
the analyzer to normalize out the response of the cable loop. This calibration will serve
as the source reference test. While a full two-port calibration is desirable to provide the
lowest measurement uncertainty and account for standing wave issues, etc., flexing of
cables, movement of rotary joints, and other variations may make the calibration less
accurate in practice. A through response normalization, while having a higher level of
uncertainty specified by the manufacturer, may actually be more accurate in practice due
to the cable variations involved. Refer to step 5 below for information on estimating
these effects.

b. For scalar swept frequency devices (scalar network analyzers, spectrum analyzers with
tracking generators, etc.) record the swept frequency response curve of the cable loop. If
the analyzer contains a scalar calibration or trace math function, it may be used to
subtract this reference curve from subsequent measurements.

c. For discrete signal generator and receiver combinations, tune the receiver and signal
generator to each frequency and record the reading of the receiver.

Note: For swept and list-based measurements using instruments such as network analyzers or
spectrum analyzer/tracking generator combinations, care shall be taken to ensure that the measured
(received) signal is tracking properly with the transmitted signal to avoid measuring larger losses than the
actual path loss. Appendix N describes this phenomenon in more detail and provides recommended
validation procedures.

5. Prior to proceeding to the next test step, move the cables around and monitor the frequency
response. Any gross changes in response indicate bad cables or connections and should be
rectified prior to continuing. Minor variations (fractions of a dB) are expected and should be
accounted for in the measurement uncertainty of the reference measurement.

6. Record the measurement results to a file that can be imported into a Microsoft Excel
spreadsheet.

Measurement Step 2: Range Reference Test

67

The second step measures the frequency response of the reference antenna, range, and all cabling,
connectors, switches, etc. between the reference port and the test port, as well as the cabling and
equipment included in step 1. This step is required for each polarization of the receive antenna and for
each separate signal path between the antenna under test (AUT) and any different test ports connecting
to test equipment used for the EUT measurement. Only the paths used to record data (i.e., the paths to
the receiver used for TRP measurements, or the output path from the communication tester for TIS
measurements) need to be measured.
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For each polarization and configuration, perform the following steps:

1.

Connect the receiver or input port of the network analyzer to the test port connection to be
characterized using the same cable configuration used to attach it to the reference port. Any
cable adapters added or removed from the system to make the required connections must be
accounted for as mentioned previously. Terminate any unused connections to the
appropriate test equipment or by using 50 Q loads.

Prior to connecting the source to the reference antenna, attach a 50 € termination to the
reference port (or otherwise ensure no output from the signal generator) and record the noise
floor of the analyzer or receiver at each frequency point. Use a frequency response sweep or
discrete points as necessary based on the configuration. If available, use a max-hold function
to obtain the maximum noise level for several sweeps.

Connect the reference antenna to the reference port and use a low dielectric support to hold
the antenna in the middle of the quiet zone, boresight with the measurement antenna, and
parallel to the polarization being characterized. For directional reference antennas, ensure
that both the reference and measurement antennas are boresight to each other. Ensure that
the support structure is out of the measurement path such that it has a minimal impact on the
reference measurement.

Ensure all equipment has been powered on long enough to have stabilized. The equipment
should normally have been left on from the cable calibration step. All settings of the
equipment should be identical to those for the cable calibration. The power level of the signal
generator must be the same as that for the reference sweep (unless a vector network
analyzer is used to obtain relative power data) and must remain stable over time in order to
obtain valid data.

Perform a frequency scan or sweep to cover the required test frequencies and record the
result. Ensure that the received signal is below the compression point of the receiver (linear
region) and at least 20 dB above the noise floor as measured in step 2 above in order to have
less than 1 dB measurement uncertainty due to the noise. Depending on the equipment
used, refer to the following procedure:

For a vector network analyzer, record a frequency response curve with the calibration
applied. This curve is the desired range response measurement.

For scalar swept frequency devices (scalar network analyzers, spectrum analyzers with
tracking generators, etc.) record the swept frequency response curve of the cable loop. If
the analyzer has been configured to automatically subtract the cable calibration
reference curve, then the resulting curve is the desired range response measurement. |If
not, the resulting curve is the range response plus the cable contribution, which will be
subtracted out later.

For discrete signal generator and receiver combinations, tune the receiver and signal
generator to each frequency and record the reading of the receiver. The resulting curve
is the range response plus the cable contribution, which will be subtracted out later.

Note: For swept and list-based measurements using instruments such as network analyzers or
spectrum analyzer/tracking generator combinations, care shall be taken to ensure that the measured
(received) signal is tracking properly with the transmitted signal to avoid measuring larger losses than the
actual path loss. Appendix N describes this phenomenon in more detail and provides recommended
validation procedures.

6.

Record the measurement results to a file that can be imported into a Microsoft Excel
spreadsheet.
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Calculating the Range Reference Path Loss

Once the data has been acquired as described above, it's necessary to convert it to a loss value and
combine it with the reference antenna gain in dBi to obtain the total path loss to be used as the reference
correction. Once this value has been determined, it can be added to the power readings of the EUT test
equipment to represent the reading relative to an isotropic source.

Use Equation 4.5 to determine the path loss. Table 4-2 shows a sample table for recording the data for
one polarization and signal path. For data acquired using calibrated analyzers as described above, the
frequency response curve generated by the second measurement is actually Pry- Pry'in dB, so the
negative of it represents a loss value. Subtracting that value from the reference antenna gain provides
the total path loss. Work backwards as necessary to fill in the columns. Note that with calibration
applied, the noise floor reference measurement will also have Pgry' subtracted from it. For vector
network analyzers, all measured values are relative numbers, so the various reference values will be in
dB rather than dBm.

TABLE 4-2 EXAMPLE RANGE REFERENCE MEASUREMENT DATA RECORD
el el e e b A e e R e
3GPP Band 71, TX low 617
3GPP Band 71, RX low 634.5
3GPP Band 71, TX mid 652
3GPP Band 71, RX mid 663
3GPP Band 71, TX high 680.5
3GPP Band 71, RX high 698
3GPP Band 12, TX low 699
3GPP Band 12, RX low 729
3GPP Band 12, TX mid 707.5
3GPP Band 12, RX mid 737.5
3GPP Band 12, TX high 716
3GPP Band 12, RX high 746
3GPP Band 17, TX low 704
3GPP Band 17, RX low 734
3GPP Band 17, TX mid 710
3GPP Band 17, RX mid 734
3GPP Band 17, TX high 716
3GPP Band 17, RX high 734
3GPP Band 29, RX low 717
3GPP Band 29, RX mid 722.5
3GPP Band 29, RX high 728
3GPP Band 13, TX low 777

69

© 2001 - 2021 CTIA Certification. All Rights Reserved.




Test Plan Version 3.9.2

TABLE 4-2 EXAMPLE RANGE REFERENCE MEASUREMENT DATA RECORD

Band i | Camm | TaBmy | (aBm) | Cable(dB) | Nowss(aB) | Gam (@B | |- (@B)
3GPP Band 13, RX low 746
3GPP Band 13, TX mid 782
3GPP Band 13, RX mid 751
3GPP Band 13, TX high 787
3GPP Band 13, RX high 756
3GPP Band 14, TX low 788
3GPP Band 14, RX low 758
3GPP Band 14, TX mid 793
3GPP Band 14, RX mid 763
3GPP Band 14, TX high 798
3GPP Band 14, RX high 768
3GPP Band 26, TX low 814
3GPP Band 26, RX low 859
3GPP Band 26, TX mid 831.5
3GPP Band 26, RX mid 876.5
3GPP Band 26, TX high 849
3GPP Band 26, RX high 894
Cellular (3GPP Band 5), TX low 824 -10.43 -57.78 -99.42 47.35 41.64 1.56 48.91
Cellular (3GPP Band 5), RX low 869 -10.75 -59.46 -101.71 48.71 42.25 1.57 50.28
Cellular (3GPP Band 5), TX mid 836.5 -11.12 -56.61 -98.3 45.49 41.69 1.57 47.06
Cellular (3GPP Band 5), RX mid 881.5 -11.21 -56.48 -97.64 45.27 41.16 1.54 46.81
Cellular (3GPP Band 5), TX high 849 -11.43 -57.57 -99.93 46.14 42.36 1.49 47.63
Cellular (3GPP Band 5), RX high 894 -11.47 -59.44 -96.52 47.97 37.08 1.45 49.42
MBS (M-LMS Band) 925.977
GPS L1 1575.42
GLONASS 1602
PCS (3GPP Band 2), TX low 1850 -15.72 -72.53 -102.42 56.81 29.89 1.85 58.66
PCS (3GPP Band 2), RX low 1930 -15.91 -71.31 -100.9 55.4 29.59 1.88 57.28
PCS (3GPP Band 2), TX mid 1880 -16.2 -70.96 -97.71 54.76 26.75 1.91 56.67
PCS (3GPP Band 2), RX mid 1960 -16.12 -71.25 -103.61 55.13 32.36 1.84 56.97
PCS (3GPP Band 2), TX high 1910 -16.35 -72.75 -102.09 56.4 29.34 1.79 58.19
PCS (3GPP Band 2), RX high 1990 -16.41 -73.41 -98.9 57 25.49 1.71 58.71
3GPP Band 25, TX low 1850
3GPP Band 25, RX low 1930
3GPP Band 25, TX mid 1882.5
3GPP Band 25, RX mid 1962.5
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TABLE 4-2 EXAMPLE RANGE REFERENCE MEASUREMENT DATA RECORD
Band o™ | Clabm | TR | e | Cobietin) | Newe o) | com sy | sy
3GPP Band 25, TX high 1915
3GPP Band 25, RX high 1995
3GPP Band 70, TX low 1695
3GPP Band 70, RX low 1995
3GPP Band 70, TX mid 1702.5
3GPP Band 70, RX mid 2002.5
3GPP Band 70, TX high 1710
3GPP Band 70, RX high 2010
3GPP Band 70, DL only RX high 2020
AWS-1 (3GPP Band 4), TX low 1710
AWS-1 (3GPP Band 4), RX low 2110
AWS-1 (3GPP Band 4), TX mid 1732.5
AWS-1 (3GPP Band 4), RX mid 2132.5
AWS-1 (3GPP Band 4), TX high 1755
AWS-1 (3GPP Band 4), RX high 2155
3GPP Band 66, TX low 1710
3GPP Band 66, RX low 2110
3GPP Band 66, TX mid 1745
3GPP Band 66, RX mid 2145
3GPP Band 66, TX high 1780
3GPP Band 66, RX high 2180
3GPP Band 66, DL only RX high 2200
3GPP Band 30, TX low 2305
3GPP Band 30, RX low 2350
3GPP Band 30, TX mid 2310
3GPP Band 30, RX mid 2355
3GPP Band 30, TX high 2315
3GPP Band 30, RX high 2360
3GPP Band 7, TX low 2500
3GPP Band 7, RX low 2620
3GPP Band 7, TX mid 2535
3GPP Band 7, RX mid 2655
3GPP Band 7, TX high 2570
3GPP Band 7, RX high 2690
3GPP Band 41, TRX low 2496
3GPP Band 41, TRX mid 2593
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TABLE 4-2 EXAMPLE RANGE REFERENCE MEASUREMENT DATA RECORD
Band P | ClaBmy | T@em | (@Bmy | Coble(dB) | Noiss(B) | Gamn(dB) | | (@B)
3GPP Band 41, TRX high 2690
3GPP Band 48, TRX low 3550
3GPP Band 48, TRX mid 3625
3GPP Band 48, TRX high 3700
3GPP Band 46, RX low 5150
3GPP Band 46, RX mid 5537.5
3GPP Band 46, RX high 5925

4.5 Range Reference Measurement Data File
Data shall be supplied in a format accessible (i.e. readable) for additional examination and computation
as outlined in Table 4-3.
TABLE 4-3 SAMPLE RANGE REFERENCE MEASUREMENT DATA FILE FORMAT

Measurement Date:

May 1, 2003

Reference Antenna(s):

SD-1234 (Cell Band), SD-4567 (PCS Band)

Polarization: Theta
Signal Path: Theta Polarization to Spectrum Analyzer (TRP)
Cable Test Noise l;l'grstt_ l;l'grstt_ ﬁﬁz Path
Band Freq. (MHz) Ref. Port Floor Cable Noise Gain Loss
(dBm) | (dBm) (dBm) (dB) (dB) (dBi) (dB)
Cellular (3GPP Band 5) 824 -10.43 | -57.78 | -99.42 47.35 41.64 1.56 48.91
Cellular (3GPP Band 5) 836.5 -10.75 | -59.46 | -101.71 48.71 42.25 1.57 50.28
Cellular (3GPP Band 5) 849 -11.12 | -56.61 -98.30 45.49 41.69 1.57 47.06
PCS (3GPP Band 2) 1850 -15.72 | -72.53 | -102.42 56.81 29.89 1.85 58.66
PCS (3GPP Band 2) 1880 -15.91 -71.31 -100.90 55.40 29.59 1.88 57.28
PCS (3GPP Band 2) 1910 -16.20 | -70.96 | -97.71 54.76 26.75 1.91 56.67
Polarization: Phi
Signal Path: Phi Polarization to Spectrum Analyzer (TRP)
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TABLE 4-3 SAMPLE RANGE REFERENCE MEASUREMENT DATA FILE FORMAT (CONTINUED)
Cable Test Noise Jgrstt_ Jgrstt_ Kﬁ: Path
Band Freq. (MHz) Ref. Port Floor : o Loss
(dBm) (dBm) (dBm) Cable Noise Gain (dB)
(dB) (dB) (dBi)
Polarization: Theta
Signal Path: Theta Polarization to Communication Tester (TIS)
Cable Test Noise Jgrstt_ Jgrstt_ Eﬁ: Path
Band Freq. (MHz) Ref. Port Floor ; A Loss
(dBm) (dBm) (dBm) Cable Noise Gain (dB)
(dB) (dB) (dBi)
Cellular (3GPP Band 5) 869 -11.21 -56.48 | -97.64 45.27 41.16 1.54 46.81
Cellular (3GPP Band 5) 881.5 -11.43 -57.57 | -99.93 46.14 42.36 1.49 47.63
Cellular (3GPP Band 5) 894 -11.47 -59.44 | -96.52 47.97 37.08 1.45 49.42
PCS (3GPP Band 2) 1930 -16.12 | -71.25 | -103.61 55.13 32.36 1.84 56.97
PCS (3GPP Band 2) 1960 -16.35 | -72.75 | -102.09 56.40 29.34 1.79 58.19
PCS (3GPP Band 2) 1990 -16.41 -73.41 -98.90 57.00 25.49 1.71 58.71
Polarization: Phi
Signal Path: Phi Polarization to Communication Tester (TIS)
Cable Test Noise Jgrstt_ Jgrstt_ Eﬁ: Path
Band Freq. (MHz) Ref. Port Floor ; A Loss
(dBm) (dBm) (dBm) Cable Noise Gain (dB)
(dB) (dB) (dBi)

46  Alternate Scenarios

In some cases, it may be desirable to combine the transfer of a precision power calibration (i.e. using a
reference power meter) to the measurement equipment along with the range reference measurement
into one measurement step. This can have the advantage of reducing the total uncertainty that would be
entailed in two separate measurement steps; one to perform the range reference and the second to
transfer the power calibration. This section describes two possible scenarios envisioned for performing
this type of transfer.

4.6.1 TRP Reference

By using the reference power meter for the reference measurement in step 4 of Section 4.4.1, the
absolute power calibration of the reference power meter can be transferred to the measurement receiver
used in Section 4.4.2, step 5. The delta between the two measurements now contains not only the path

73

© 2001 - 2021 CTIA Certification. All Rights Reserved.

CTIA

Certification




Test Plan Version 3.9.2

46.2

loss terms of the range reference measurement, but the deviation between the absolute power readings
of the two instruments at their relative input levels. Note that this calibration transfer does not account for
any non-linearity of the receiver(s) and is most accurate if the power level at the reference antenna is
near the power level to be measured in the EUT.

TIS Reference

4.6.3

For TIS measurements, the desired measurement quantity is received power of the EUT at a given error
rate. A one-step substitution measurement can be performed (assuming the power sensor can be
attached directly to the reference antenna such that no additional cable loss need be accounted for) to
transfer a received power calibration to the communication tester along with the range reference
measurement. In this case, Section 4.4.1 can be skipped, and the system configured as in Section 4.4.2,
with the power sensor now connected to the reference antenna and the communication tester
transmitting through the signal path to be qualified. The signal strength is measured out of the reference
antenna for a given output level of the base station and the resulting difference becomes the path loss
correction for received power. Note that this calibration transfer does not account for any non-linearity of
the communication's signal generator or the power meter. l|deally, the source power calibration is most
accurate if the power level received at the reference antenna is near the sensitivity level of the EUT,
although the sensitivity level of the power meter may have a larger contribution to the overall uncertainty
in that case. Note also that the power meter and sensor must be suitable for measuring the active signal
generated by the communication tester in order to perform this measurement.

If additional cabling is required to reach the power sensor, that additional cabling is first used to connect
the power sensor to the output of the communication tester according to the steps in Section 4.4.1 before
proceeding to the steps in Section 4.4.2.

Ripple Based Calibration

4.7

Since a single range path loss measurement receives the full error contribution due to any reflections
within the test environment (chamber ripple), alternate methods that minimize this error contribution may
be used to reduce the measurement uncertainty.

Wideband Channels

74

For technologies like WCDMA and LTE, where the channel bandwidths can be several MHz, correcting
the path loss at only the center frequency may result in a measurement error when the channel is not
perfectly flat. In addition, LTE TRP complicates matters further by offsetting the occupied bandwidth to
different portions of the selected channel. Thus, the center frequency of the channel may not even be a
frequency that is measured. This error can generally be measured and corrected for by using the power
average of the path loss across the occupied bandwidth. The average should be performed on the net
path loss, including contributions from all cables, reference antenna gain, and other components to
properly capture all standing wave contributions or other factors that would result in a non-flat channel.
The calibration data must be taken with sufficient resolution to capture the frequency variation of the
channel.

In cases where it is not possible or practical to correct for the average power level in the channel, an
additional uncertainty contribution must be included as specified in Appendix G.22. This generally
requires a detailed understanding of the channel shape to properly estimate the measurement
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uncertainty, making it more practical to correct for the error rather than adding an uncertainty term. In
addition, if the average power is not used, the center frequency of the occupied bandwidth should be
used. If that is also not possible or practical, then an additional measurement uncertainty term must be
applied to address the frequency offset of the correction. Finally, the TIS result does not directly follow
the average channel power, but rather is biased higher (worse) due to the portion of the bandwidth that
reaches sensitivity first and starts introducing errors. Current indications are that this contribution is
small for the channel flatness expected from a typical antenna pattern measurement system, but an
appropriate contribution may be estimated as well.
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Section 5 Test Procedure—Radiated Power

5.1

Unless otherwise noted, all evaluations shall be performed in 'conversational' mode, at maximum
transmit power.

Products supporting multiple air-interface technologies shall be tested in accordance with all relevant test
procedures. Test results shall be provided for each test performed in the format defined.

It is recommended that one of the two following steps be taken to properly characterize the impact of
transmit power drift due to thermal heating.

1. Perform the TRP test concurrently with the TIS test, except for LTE, where different resource
block (RB) allocations are used for TRP and TIS.

2. Allow the phone to warm up by turning the transmitter to maximum power for 5 minutes prior
to conducting the TRP test.

Please note the following abbreviations in this section:

FS = Free Space

BH = Beside Head (Head Phantom Only)

BHL = Beside Head Left Side (Head Phantom Only)

BHR = Beside Head Right Side (Head Phantom Only)

HL = Hand Left (Hand Phantom Only)

HR = Hand Right (Hand Phantom Only)

BHHL = Beside Head and Hand Left Side (Head and Hand Phantom)
BHHR = Beside Head and Hand Right Side (Head and Hand Phantom)
WL = Wrist-Worn Left (Forearm Phantom)

WR = Wrist-Worn Right (Forearm Phantom)

AMPS
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This section removed for V3.1.
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52 CDMA
5.2.1 Test Procedure
The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).
Note: See Appendix D for power measurement considerations.
The CDMA test parameters shall be set according to TIA-98-E paragraph 4.4.5 for the Maximum RF
Output Power test and to the defaults specified in TIA-98-E paragraph 6.5.2 with the exceptions specified
in Table 5-1, Table 5-2 or Table 5-3. The Radio Configuration may not be directly settable on certain test
boxes. If that is the case, the Radio Configuration will be implicitly set by the Service Option setting. Page
the EUT and direct it to a voice/traffic channel. Adjust the Forward Link Power as needed to establish/
maintain the voice/traffic channel with an FER such that the transmitter is not gated off during power
measurements.
TABLE 5-1 CDMA BASE STATION PARAMETERS—CELLULAR BAND
Parameter Setting
Type CDMA
Band Class 0
Channel (Reg.) As needed'
SID As needed’
NID As needed’
Radio Configuration 1
Service Option 2or55
Rate Full
Power Control Always Up
Path Loss See Table 4-2
Note 1: Registration channel, SID/NID are service
provider-specific.
TABLE 5-2 CDMA BASE STATION PARAMETERS—PCS BAND
Parameter Setting
Type CDMA
Band Class 1
Channel (Reg.) As needed’
SID As needed'
NID As needed’
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TABLE 5-2

TABLE 5-3

CDMA BASE STATION PARAMETERS—PCS BAND

Parameter Setting
Radio Configuration 1
Service Option 2o0r55
Rate Full
Power Control Always Up
Path Loss See Table 4-2

Note 1: Registration channel, SID/NID are service
provider-specific.

CDMA BASE STATION PARAMETERS—AWS-1 BAND

Parameter Setting
Type CDMA
Band Class 15
Channel (Reg.) As needed'
SID As needed'
NID As needed’
Radio Configuration 1
Service Option 2 or 55
Rate Full
Power Control Always Up
Path Loss See Table 4-2

Note 1: Registration channel, SID/NID are service
provider-specific.

Tests shall be carried out for three different frequency pairs across the bands supported by the EUT (i.e.,
cellular, PCS and/or AWS-1), as defined in Table 5-4.

TABLE 5-4

CDMA TEST FREQUENCIES

Band Channel Pair Frequency (MHz)
CDMA 800 (Cellular) 1013 824.7
1013 869.7
384 836.52
384 881.52
777 848.31
777 893.31
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5.2.2

TABLE 5-4 CDMA TEST FREQUENCIES
Band Channel Pair Frequency (MHz)

CDMA 1900 (PCS) 25 1851.25
25 1931.25

600 1880.00

600 1960.00

1175 1908.75

1175 1988.75

CDMA 2100/1700 25 1711.25
(AWS-1) 25 2111.25
450 1732.5

450 2132.5

875 1753.75

875 2153.75

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as

applicable.

Criteria

79

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for CDMA. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna

extended and retracted (if applicable).
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TABLE 5-5 CDMA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
MopE’
Device Held . .
Band Uf%:?,gliizd Antenna Type I[;g\xgﬁ [\;\?lvdltc Y FS Bal-ll'nl:IL Hli_"aand
(Yes/No) Class (mm) BHHR
Embedded | <72 25 TBD TBD
>72 25 TBD TBD
Il <72 22 TBD TBD
>72 22 TBD TBD
1 <72 18 TBD TBD
>72 18 TBD TBD
Yes3
Stub or <72 27 TBD TBD
CDMA 800 Retractable >72 27 TBD TBD
Il <72 24 TBD TBD
>72 24 TBD TBD
1 <72 20 TBD TBD
>72 20 TBD TBD
All | All 27 N/A N/A
No?* 1l All 24 N/A N/A
1 All 20 N/A N/A
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TABLE 5-5 CDMA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
Mopk'
Device Held - .
Band Uf%:(\)kl;liﬁzd Antenna Type 3?&',2? I\)I\‘?lvdlﬁia FS Ba|-r|1|;L Hli_&"d
(Yes/No) Class (mm) BHHR
Embedded I <72 23 TBD TBD
I >72 23 TBD TBD
Il <72 18 TBD TBD
] >72 18 TBD TBD
1l <72 13 TBD TBD
1l >72 13 TBD TBD
IV <72 8 TBD TBD
IV >72 8 TBD TBD
Vv <72 3 TBD TBD
Ves? \Y, >72 3 TBD TBD
Stub or I <72 25 TBD TBD
Retractable | >72 25 TBD TBD
CDMA 1900 Il <72 20 TBD TBD
] >72 20 TBD TBD
1l <72 15 TBD TBD
1l >72 15 TBD TBD
IV <72 10 TBD TBD
IV >72 10 TBD TBD
Vv <72 5 TBD TBD
\Y, >72 5 TBD TBD
All I All 25 N/A N/A
Il All 20 N/A N/A
No* 1l All 15 N/A N/A
\ All 10 N/A N/A
\% All 5 N/A N/A
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TABLE 5-5 CDMA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
Mopk'
Device Held - .
Device Device BHHL
Band Up to Head Antenna Type Power Width FS and HL and
for Voice Class (mm)? BHHR HR
(Yes/No)
Embedded I <72 22 TBD TBD
I >72 22 TBD TBD
Il <72 17 TBD TBD
] >72 17 TBD TBD
1l <72 12 TBD TBD
1l >72 12 TBD TBD
IV <72 7 TBD TBD
IV >72 7 TBD TBD
Vv <72 2 TBD TBD
3 \Y, >72 2 TBD TBD
Yes
Stub or I <72 22 TBD TBD
Retractable | >72 22 TBD TBD
CDMA 2100/
<
1700 Il <72 17 TBD TBD
] >72 17 TBD TBD
1l <72 12 TBD TBD
1l >72 12 TBD TBD
IV <72 7 TBD TBD
IV >72 7 TBD TBD
Vv <72 2 TBD TBD
\Y, >72 2 TBD TBD
All I All 22 N/A N/A
Il All 17 N/A N/A
No* 1l All 12 N/A N/A
\ All 7 N/A N/A
\% All 2 N/A N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
means antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in
OTA performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio
mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.
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53 TDMA
This section removed for V3.1.
54 GSM
5.4.1 Test Procedure
The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, measurement receiver, or power meter) capable of averaging across bursts.
Note: See Appendix D for power measurement considerations.
Using the settings in Table 5-6 or Table 5-7, page the EUT and direct it to a voice/traffic channel.
TABLE 5-6 PCL SETTING FOR GSM 850
Device Class Setting
2 2
3 3
4 5
5 7
TABLE 5-7 PCL SETTING FOR GSM 1900
Device Class Setting
1 0
2 3
3 30
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5.4.2

Tests shall be performed for three different channels across the bands supported by the EUT, as defined

in Table 5-8.

TABLE 5-8 GSM RX AND TX TEST FREQUENCIES

Band Channel Pair Frequency (MHz)

GSM 850 (Cellular) 128 824.20
128 869.20
190 836.60
190 881.60
251 848.80
251 893.80

GSM 1900 (PCS) 512 1850.20
512 1930.20
661 1880.00
661 1960.00
810 1909.80
810 1989.80

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as

applicable.

Criteria
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Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for GSM. Reports shall include results for free-space and
head/hand configurations (if applicable) across all channels measured with the EUT antenna extended

and retracted (if applicable).
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The limits in Table 5-9 are recommended.

TABLE 5-9 GSM MINIMUM TRP LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY MECHANICAL Mopk'
Device Held -
Up to Head Device Power Deylce BHHL HL apd
Band ; Widt FS and 3
for Voice Class (mm) BHHR HR
(Yes/No)

2 <72 32 TBD N/A
2 >72 32 TBD N/A
3 <72 30 TBD N/A
4 3 >72 30 TBD N/A

Yes
4 <72 26 TBD N/A
4 >72 26 TBD N/A

GSM 850

5 <72 22 TBD N/A
5 >72 22 TBD N/A
2 All 32 N/A N/A
5 3 All 30 N/A N/A

No
4 All 26 N/A N/A
5 All 22 N/A N/A
1 <72 245 TBD N/A
1 >72 245 TBD N/A
4 2 <72 18.5 TBD N/A

Yes
2 >72 18.5 TBD N/A
GSM 1900 3 <72 27.5 TBD N/A
3 >72 27.5 TBD N/A
1 All 245 N/A N/A
No® 2 All 18.5 N/A N/A
3 All 275 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.

Note 3: GSM HL and HR tests are optional and are currently not a requirement of this Test Plan, but may be used for single
and multiple offset point reference tests including GPRS/EGPRS.

Note 4: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 5: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.

Note: Device Power shall comply with the power levels specified in the relevant industry standard(s).
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55 GPRS
5.5.1 Test Procedure
The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, measurement receiver, or power meter) capable of averaging across bursts.
Note: See Appendix D for power measurement considerations.
Using the settings in Table 5-10, Table 5-11 and Table 5-12; establish a GPRS data loopback session
between the EUT and a GPRS-capable base station simulator. Configure the GPRS base station
simulator to direct the EUT to an appropriate packet traffic channel. During this test, the maximum
number of uplink time slots supported by the EUT shall be utilized, and the uplink coding scheme should
be CS-1.
TABLE 5-10 PCL AND GAMMA SETTING FOR GMSK MODULATION IN GSM 850 BAND
Device Class PCL Setting Gamma Setting
2 2 0
3 3 1
4 5 3
5 7 5
TABLE 5-11 PCL AND GAMMA SETTING FOR GMSK MODULATION IN GSM 1900 BAND
Device Class PCL Setting Gamma Setting
0 3
2 3 6
30 1
TABLE 5-12 CODING SCHEME (CS) SETTING FOR GMSK MODULATION IN EITHER GSM 850 oR GSM
1900 BAND
CS
1
Coding scheme CS-1 is the preferred setting for TRP measurements, as this provides the most robust
channel coding to maintain the data loopback session. Coding schemes CS-2 through CS-4 can be
utilized for TRP measurements only.
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5.5.2

Tests shall be performed for three different channels across the bands supported by the EUT, as defined
in Table 5-8.

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as
applicable.

Note: Head-adjacent testing is only required for GPRS if the EUT supports usage against the head in
this mode (e.g., VoIP).

Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for GPRS. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted (if applicable).

The limits in Table 5-13 are recommended.

TABLE 5-13 GPRS MINIMUM TRP LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY MECHANICAL

Mobe" 2
Device Held Up to - Device BHHL
Band Head for Voice (Yes/ Devg:;aasP:wer Width FS and HII_I?Qnd
No) (mm)3 BHHR
2 <72 32 TBD TBD
2 >72 32 TBD TBD
3 <72 30 TBD TBD
4 3 >72 30 TBD TBD
Yes
4 <72 26 TBD TBD
4 >72 26 TBD TBD
GPRS 850
5 <72 22 TBD TBD
5 >72 22 TBD TBD
2 All 32 N/A N/A
5 3 All 30 N/A N/A
No
4 All 26 N/A N/A
5 All 22 N/A N/A
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TABLE 5-13 GPRS MINIMUM TRP LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY MECHANICAL

Monbke" 2
Band Hoad! for Voice (Yes! Device Power I\)I:lauvdlfrg FS Bnd HL and

No) (mm) BHHR
1 <72 245 TBD TBD
1 >72 24.5 TBD TBD
4 2 <72 18.5 TBD TBD

Yes
2 >72 18.5 TBD TBD
GPRS 1900 3 <72 27.5 TBD TBD
3 >72 275 TBD TBD
1 All 245 N/A N/A
No® 2 All 18.5 N/A N/A
3 All 27.5 N/A N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically

Note 2:

Note 3:

Note 4:

Note 5:

means antenna extended, fold or portrait slide open, but depends on form factor).

The associated TRP value is based on measurements made with one uplink slot. Devices tested using two
uplink time slots are allowed a TRP reduction of 3 dB, devices tested using three uplink slots are allowed a TRP
reduction of up to 4.8 dB and devices tested using four uplink slots are allowed a TRP reduction of up to 6 dB.
These allowances for uplink slot counts greater than one are based on an EUT capable of meeting the minimum
TRP performance in single slot operation. This allowance is in alignment with 3GPP TS 45.005, Section 4.1.1,
Table 4.1-5.

Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in
OTA performance with different hand phantoms of up to 6 dB.

“Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio
mode.

“No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.

5.6

Note: Device Power shall comply with the power levels specified in the relevant industry standard(s).

EGPRS

5.6.

1 Test Procedure

88

The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, measurement receiver, or power meter) capable of averaging across bursts.

Note: See Appendix D for power measurement considerations.

Using the settings in Table 5-14, Table 5-15 and Table 5-16; initiate a data loopback session between the
EUT and an EGPRS-capable base station simulator. Configure the EGPRS base station simulator to
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5.6.2

direct the EUT to an appropriate packet traffic channel. During this test, the maximum uplink time slots
supported by the EUT shall be utilized, and the uplink coding scheme should be MCS-5.

TABLE 5-14 PCL AND GAMMA SETTING FOR 8-PSK MODULATION (EDGE) IN GSM 850 BAND
Device Class PCL Setting Gamma Setting
E1 5 3
E2 8 6
E3 10 8
TABLE 5-15 PCL AND GAMMA SETTING FOR 8-PSK MODULATION (EDGE) IN GSM 1900 BAND
Device Class PCL Setting Gamma Setting
E1 0 3
E2 2 5
E3 4 7
TABLE 5-16 MODULATION CODING SCHEME (MCS) SETTING FOR 8-PSK MODULATION (EDGE) IN EITHER
GSM 850 orR GSM 1900 BAND
MCS
5

Modulation coding scheme MCS 5 is the preferred setting for TRP measurements, as this provides the
most robust channel coding to maintain the data session. MCS 6 through MSC 9 can be utilized for TRP
measurements only.

Tests shall be performed for three different channels across the bands supported by the EUT, as defined
in Table 5-8.

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as
applicable.

Note: Head-adjacent testing is only required for EGPRS if the EUT supports usage against the head in
this mode (e.g., VoIP).

Criteria
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Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for EGPRS. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted (if applicable).
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The limits in Table 5-17 are recommended.

TABLE 5-17 EGPRS MINIMUM TRP LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY MECHANICAL
Mobe' 2
Device Held Up to - Device BHHL
Band Head for Voice Device Power Width FS and HE and
(Yes/No) (mm) BHHR
E1 <72 26 TBD TBD
E1 >72 26 TBD TBD
4 E2 <72 20 TBD TBD
Yes
E2 >72 20 TBD TBD
EGPRS 850 E3 <72 16 TBD TBD
E3 >72 16 TBD TBD
E1 All 26 N/A N/A
No® E2 Al 20 N/A N/A
E3 All 16 N/A N/A
E1 <72 245 TBD TBD
E1 >72 24.5 TBD TBD
4 E2 <72 20.5 TBD TBD
Yes
E2 >72 20.5 TBD TBD
EGPRS 1900 E3 <72 16.5 TBD TBD
E3 >72 16.5 TBD TBD
E1 All 245 N/A N/A
No® E2 All 20.5 N/A N/A
E3 All 16.5 N/A N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
means antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: The associated TRP value is based on measurements made with one or two uplink slots. Devices tested using
three uplink slots are allowed a TRP reduction of up to 1.8 dB and devices tested using four uplink slots are allowed
a TRP reduction of up to 3 dB. These allowances for uplink slot counts greater than two are based on an EUT
capable of meeting the minimum TRP performance in single or dual-slot operation.
Note 3: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.
Note 4: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio
mode.
Note 5: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.
Note: Device Power shall comply with the power levels specified in the relevant industry standard(s).
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57 UMTS (WCDMA)
5.7.1 Test Procedure
The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).
Note: See Appendix D for power measurement considerations.
The UMTS system simulator shall be set up according to 3GPP TS 34.121-1, Section 5.2 (Maximum
Output Power test) using the defaults specified in 3GPP TS 34.121-1, 3GPP TS 34.108 and 3GPP TS
34.109, as applicable. Using the Generic Call Setup procedures described in 3GPP TS 34.108 Section 7,
page the EUT and place it into the loopback mode as described in 3GPP TS 34.109 Section 5.3. During
this test, ensure that the System Simulator is continuously sending “up power” commands as described
in 3GPP TS 34.121-1, Section 5.2.4.2.
Tests shall be performed for three different channels across the bands supported by the EUT, as defined
in Table 5-18.
TABLE 5-18 UMTS RX AND TX TEST FREQUENCIES
Band c(huaﬂgﬁlc':f)" Frequency (MHz)
UMTS 850 (3GPP BAND 4132 826.40
V) 4357 871.40
4183 836.60
4408 881.60
4233 846.60
4458 891.60
UMTS 1900 (3GPP 9262 1852.40
BAND Ii) 9662 1932.40
9400 1880.00
9800 1960.00
9538 1907.60
9938 1987.60
UMTS 2100/1700 (3GPP 1312 1712.40
BAND IV) 1537 2112.40
1413 1732.60
1638 2132.60
1513 1752.60
1738 2152.60
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Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as
applicable.

5.7.2 Ciriteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for UMTS. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted (if applicable).

The limits in Table 5-19 are recommended.

TABLE 5-19 UMTS MINIMUM TRP LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY MECHANICAL

Mope"
Band t(? |e-|‘2§3 fij)?'l\‘;olf'& Devig:ea:: wer [\)I\?lvdlf 3 FS Bai-ml- Hli-l??nd
(Yes/No) (mm) BHHR
3 <72 17 TBD TBD
Vo? 3 >72 17 TBD TBD
UMTS 850 4 <72 14 TBD TBD
4 >72 14 TBD TBD
No? 3 Al 17 N/A N/A
4 Al 14 N/A N/A
3 <72 185 TBD TBD
Vos? 3 >72 185 TBD TBD
UMTS 1800 4 <72 15.5 TBD TBD
4 >72 155 TBD TBD
No? 3 Al 185 N/A N/A
4 Al 15.5 N/A N/A
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TABLE 5-19 UMTS MINIMUM TRP LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY MECHANICAL

Mope'
Band tc? ﬁ‘g:ﬁ E)?I\C;olij& DevigleasP: wer I‘)Atlelv‘;;:%e FS BaF:::iL th?and
(Yes/No) (mm) BHHR
3 <72 19.5 TBD TBD
Yes3 3 >72 19.5 TBD TBD
UMTS 2100/ 4 <72 16.5 TBD TBD
1700 4 >72 165 TBD TBD
No? 3 All 19.5 N/A N/A
4 All 16.5 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions
(typically means antenna extended, fold or portrait slide open, but depends on form factor).
Differences between requirements for devices wider and narrower than 72 mm reflect observed differences
in OTA performance with different hand phantoms of up to 6 dB.

“Yes” applies if the device supports voice operation in the talking position against the head in any cellular

Note 2:

Note 3:

Note 4:

radio mode.

“No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded

laptop solutions.
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Note: Device Power shall comply with the power levels specified in the relevant industry standard(s).
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5.8

LTE

5.8.1

Test Procedure

The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

Note: See Appendix D for power measurement considerations.

The LTE system simulator and EUT shall be configured per 3GPP TS 36.521-1, Section 6.2 (UE
Maximum Output Power) using the default settings specified in 3GPP TS 36.521-1 and 3GPP TS 36.508
as applicable. The test procedure in section 6.2 of 3GPP TS 36.521-1 shall be used to measure the UE
output power. When a UE operates in Power Class 1, the IE (Information Element) p-Max must be
included and set according to Table 6.2.2_1.4-2 of TS 36.521-1. Otherwise, p-Max shall not be signaled
during attach procedures or during measurements.

Tests shall be carried out for different frequency pairs (FDD; UL -uplink /DL -downlink) or frequencies
(TDD) and RB allocations across the bands supported by the EUT, as defined in Table 5-20.

TABLE 5-20 LTE TRP MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MopEe"

Channel TX Frequency
Band | Bandwidth | Channel | (MH2)lcenterof UL RB Allocation DL RB Allocation
Lolakd] allocation]
10 18650 1851.58 12 RB with RBstart=0 N/A3
22 10 18900 1880 12 RB with RBstart=19 N/A3
10 19150 1908.42 12 RB with RBstart=38 N/A3
10 20000 1711.58 12 RB with RBstart=0 N/A3
44 10 20175 1732.5 12 RB with RBstart=19 N/A3
10 20350 1753.42 12 RB with RBstart=38 N/A3
10 20450 825.58 12 RB with RBstart=0 N/A3
5° 10 20525 836.5 12 RB with RBstart=19 N/A3
10 20600 847.42 12 RB with RBstart=38 N/A3
20 20850 2502.62 18 RB with RBstart=0 N/A3
7 20 21100 2535 18 RB with RBstart=41 N/A3
20 21350 2567.38 18 RB with RBstart=82 N/A3
5 23035 699.97 8 RB with RBstart=0 N/A3
12 5 23095 707.41 8 RB with RBstart=8 N/A3
23155 715.03 8 RB with RBstart=17 N/A3
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TABLE 5-20 LTE TRP MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE1
Band BCaF“E:vIvE;gtlh Channel ("T")'S':l):[ef%.l‘sgfgf UL RB Allocation DL RB Allocation
allocation]

10 23230 778.58 12 RB with RBstart=0 N/A3

13 10 23230 782 12 RB with RBstart=19 N/A3

10 23230 785.42 12 RB with RBstart=38 N/A3

10 23330 789.58 12 RB with RBstart=0 N/A3

14 10 23330 793 12 RB with RBstart=19 N/A3

10 23330 796.42 12 RB with RBstart=38 N/A3

10 23780 705.58 12 RB with RBstart=0 N/A3

17° 10 23790 710 12 RB with RBstart=19 N/A3

10 23800 714.42 12 RB with RBstart=38 N/A3

5 26065 1850.97 8 RB with RBstart=0 N/A3

252 5 26365 1882.41 8 RB with RBstart=8 N/A3

5 26665 1914.03 8 RB with RBstart=17 N/A3

5 26715 814.97 8 RB with RBstart=0 N/A3

26° 5 26865 831.41 8 RB with RBstart=8 N/A3

5 27015 848.03 8 RB with RBstart=17 N/A3

10 27710 2306.58 12 RB with RBstart=0 N/A3

30 10 27710 2310 12 RB with RBstart=19 N/A3

10 27710 2313.42 12 RB with RBstart=38 N/A3

20 39750 2498.62 18 RB with RBstart=0 N/A3

41 20 40620 2593 18 RB with RBstart=41 N/A3

20 41490 2687.38 18 RB with RBstart=82 N/A3

10 55290 3551.58 12 RB with RBstart=0 N/A3

48 10 55990 3625 12 RB with RBstart=19 N/A3

10 56690 3698.42 12 RB with RBstart=38 N/A3

10 132022 1711.58 12 RB with RBstart=0 N/A3

66* 10 132322 1745 12 RB with RBstart=19 N/A3

10 132622 1778.42 12 RB with RBstart=38 N/A3

15 133047 1697.19 16 RB with RBstart=0 N/A3

70 15 133047 1702.41 16 RB with RBstart=29 N/A3

15 133047 1707.81 16 RB with RBstart=59 N/A3
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TABLE 5-20 LTE TRP MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MopE"

Channel TX Frequency
Band Bandwidth | Channel | (MH2)[centerof UL RB Allocation DL RB Allocation
(MHz) allocation]
10 133172 664.58 12 RB with RBstart=0 N/A3
n 10 133297 680.5 12 RB with RBstart=19 N/A3
10 133422 696.42 12 RB with RBstart=38 N/A3

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer

instructions (typically means antenna extended, fold or portrait slide open, but depends on form
factor).

Note 2: If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25.

The test requirements and data comparison between Bands 2 and 25 will not be directly comparable
due to the usage of different RF channel bandwidths.

Note 3: As per 3GPP TS 36.521-1, Section 6.2 (UE Maximum Output Power).
Note 4: If the device supports Band 4 and Band 66, then testing is only required to be completed in Band 66.
Note 5: If the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26.

The test requirements and data comparison between Bands 5 and 26 will not be directly comparable
due to the usage of different RF channel bandwidths.

Note 6: If the device supports Band 12 and Band 17, then testing is only required to be completed in Band

12. The test requirements and data comparison between Bands 12 and 17 will not be directly
comparable due to the usage of different RF channel bandwidths.

5.8.2

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies and RB allocations with the EUT antenna extended and
retracted, as applicable.

Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while
utilizing an LTE airlink (e.g., VoIP).

Criteria
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Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for LTE. Reports shall include results for applicable use
cases, including free-space, head/hand configurations and/or wrist-worn configurations, across all
channels and RB allocations measured with the EUT in primary mechanical mode, and (if applicable) in
non-primary mechanical modes as reference information.
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TABLE 5-21 LTE MINIMuM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL MODE1
Use Cases Device Width BHHL and
Band Supported (mm)2 Free Space WL and WR BHHR HL and HR
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 71 .
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 12 )
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 17 .
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 13 - 7}
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 14 - )
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 26 - 7}
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 5 , -
Wrist-worn All N/A TBD N/A N/A
Other® Al TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
f a3
voice >72 TBD N/A TBD TBD
LTE Band 70 - 7}
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
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TABLE 5-21 LTE MINIMuM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL MODE1
Use Cases Device Width BHHL and
Band Supported (mm)2 Free Space WL and WR BHHR HL and HR
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 2 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 25 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
a3
voice >72 TBD N/A TBD TBD
LTE Band 4 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 66 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 30 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 7 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 41 _ 3
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
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TABLE 5-21 LTE MiNIMuM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL Monpk'
Use Cases Device Width BHHL and
Band Supported (mm)2 Free Space WL and WR BHHR HL and HR
Held to head for <72 TBD N/A TBD TBD
L3
voice >72 TBD N/A TBD TBD
LTE Band 48 - )

Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.

Note 3: “Held to head for voice” applies if the device supports voice operation in the talking position against the head in any cellular
radio mode.

Note 4: “Wrist-worn” would be applicable to devices that are worn on the wrist, e.g., smartwatches.

Note 5: “Other” would be applicable to data-centric devices that are not held up against the head nor Wrist-worn, e.g., embedded
laptop solutions.

5.9 CDMA 1xEV-DO DATA

5.9.1 Test Procedure

The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

Note: See Appendix D for power measurement considerations.

If the EUT supports 1XEV-DO Rev. A, then 1xEV-DO Rev. A shall be used for this test. The CDMA
1xEV-DO test parameters shall be set according to TIA-866-A paragraph 4.3.4 (subtype 2 physical layer)
for the Maximum RF Output Power test and to the applicable defaults specified in TIA-866-A section 8,
with the exceptions specified in Table 5-22 through Table 5-24.

If the EUT does not support 1XEV-DO Rev. A, then 1XxEV-DO Rev. 0 shall be used for this test and the
CDMA 1xEV-DO test parameters shall be set according to TIA-866-1 paragraph 3.1.2.3.4 for the
Maximum RF Output Power test, and to the applicable defaults specified in TIA-866-1 section 11 with the
exceptions specified in Table 5-22 through Table 5-24.

Page the EUT and direct it to a traffic channel. Adjust the Forward Link Power as needed to establish/
maintain the traffic channel with a PER such that the transmitter is not gated off during power
measurements.
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TABLE 5-22

TABLE 5-23

TABLE 5-24

CDMA 1XEV-DO BASE STATION PARAMETERS - CELLULAR BAND

Parameter Setting
Band Class 0
Channel (Reg.) As needed'
Power Control Always Up
Path Loss See Table 4-2

Note 1: Registration channel is service
provider-specific.

CDMA 1XEV-DO BASE STATION PARAMETERS - PCS BAND

Parameter Setting
Band Class 1
Channel (Reg.) As needed'
Power Control Always Up
Path Loss See Table 4-2

Note 1: Registration channel is service
provider-specific.

CDMA 1XEV-DO BASE STATION PARAMETERS - AWS-1 BAND

Parameter Setting
Band Class 15
Channel (Reg.) As needed’
Power Control Always Up
Path Loss See Table 4-2

Note 1: Registration channel is service
provider-specific.

Tests shall be carried out for three different frequency pairs across the bands supported by the EUT (i.e.,
cellular, PCS and/or AWS-1), as defined in Table 5-4.

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as

applicable.

Note: That head-adjacent testing is only required for COMA 1xEV-DO data if the EUT supports usage

against the head in this mode (e.g., VoIP).
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5.9.2 Ciriteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for CDMA 1xEV-DO. Reports shall include results for
free-space and head/hand configurations (if applicable) across all channels measured with the EUT
antenna extended and retracted (if applicable).

TABLE 5-25 CDMA 1xEV-DO DATA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'

Device Held . .
Band Uf%:%gﬁ:d Antenna Type Il?é?;:w:;j I?V:;‘é}:rz FS :aEIEI; Hli_l?{'d
(Yes/No)
Embedded I <72 25 TBD TBD
| >72 25 TBD TBD
Il <72 22 TBD TBD
1l >72 22 TBD TBD
1l <72 18 TBD TBD
Ves? 1 >72 18 TBD TBD
CDMA Stub or Retractable I <72 27 TBD TBD
1xEV-DO I >72 27 TBD TBD
DATA 800 I <72 24 TBD TBD
1l >72 24 TBD TBD
1l <72 20 TBD TBD
1 >72 20 TBD TBD
All I All 27 N/A N/A
No* I Al 24 N/A N/A
1 All 20 N/A N/A
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TABLE 5-25  CDMA 1XEV-DO DATA MiNiMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'

Device Held . .
Band Uf%:(\)kl;liﬁzd Antenna Type 3?&',2? I\)I\‘?lvdlﬁia FS Ba|-r|1|;L Hli_&"d
(Yes/No) Class (mm) BHHR
Embedded I <72 23 TBD TBD
I >72 23 TBD TBD
Il <72 18 TBD TBD
Il >72 18 TBD TBD
1 <72 13 TBD TBD
1 >72 13 TBD TBD
\Y, <72 8 TBD TBD
v >72 8 TBD TBD
\Y <72 3 TBD TBD
3 \Y, >72 3 TBD TBD
Yes
Stub or Retractable I <72 25 TBD TBD
CDMA I >72 25 TBD TBD
1xEV-DO Il <72 20 TBD TBD
DATA 1900 [ >72 20 TBD TBD
1 <72 15 TBD TBD
1 >72 15 TBD TBD
\Y, <72 10 TBD TBD
v >72 10 TBD TBD
\Y <72 5 TBD TBD
\Y, >72 5 TBD TBD
All I All 25 N/A N/A
Il All 20 N/A N/A
No* 1] All 15 N/A N/A
v All 10 N/A N/A
\Y All 5 N/A N/A
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TABLE 5-25  CDMA 1XEV-DO DATA MiNiMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'

Device Held - .
Device Device BHHL
Band Up to Head Antenna Type Power Width FS and HL and
for Voice Class (mm)? BHHR HR
(Yes/No)
Embedded I <72 22 TBD TBD
I >72 22 TBD TBD
Il <72 17 TBD TBD
] >72 17 TBD TBD
1l <72 12 TBD TBD
1l >72 12 TBD TBD
IV <72 7 TBD TBD
IV >72 7 TBD TBD
Vv <72 2 TBD TBD
3 \Y, >72 2 TBD TBD
Yes
Stub or Retractable I <72 22 TBD TBD
1 CSVMSO | >72 22 TBD TBD
X -
<
DATA 2100/ Il <72 17 TBD TBD
1700 ] >72 17 TBD TBD
1l <72 12 TBD TBD
1l >72 12 TBD TBD
IV <72 7 TBD TBD
IV >72 7 TBD TBD
Vv <72 2 TBD TBD
\Y, >72 2 TBD TBD
All I All 22 N/A N/A
Il All 17 N/A N/A
No* 1l All 12 N/A N/A
\ All 7 N/A N/A
\Y All 2 N/A N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
means antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.
Note: Device Power shall comply with the power levels specified in the relevant industry standard(s).
103 © 2001 - 2021 CTIA Certification. All Rights Reserved. CTIA

Certification



Test Plan Version 3.9.2

5.10 CDMA 1xRTT DATA

5.10.1 Test Procedure

104

The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

Note: See Appendix D for power measurement considerations.

The CDMA test parameters shall be set according to TIA-98-E paragraph 4.4.5 for the Reverse
Fundamental Channel Maximum RF Output Power test and to the defaults specified in TIA-98-E
paragraph 6.5.2 with the exceptions specified in Table 5-26 through Table 5-28. The Radio Configuration
may not be directly settable on certain test boxes. If that is the case, the Radio Configuration will be
implicitly set by the Service Option setting. Page the EUT and direct it to a traffic channel. Adjust the
Forward Link Power as needed to establish/maintain the traffic channel with an FER such that the
transmitter is not gated off during power measurements.

TABLE 5-26 CDMA 1XRTT DATA BASE STATION PARAMETERS - CELLULAR BAND

Parameter Setting
Type CDMA
Band Class 0
Channel (Reg.) As needed’
SID As needed’
NID As needed’
Radio Configuration 3
Service Option 32
Rate Full
Power Control Always Up
Path Loss See Table 4-2
Note 1: Registration channel, SID/NID are

service provider-specific.

CDMA 1XRTT DATA BASE STATION PARAMETERS - PCS BAND

Parameter Setting
Type CDMA
Band Class 1
Channel (Reg.) As needed'
SID As needed’
NID As needed’
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TABLE 5-27 CDMA 1XRTT DATA BASE STATION PARAMETERS - PCS BAND

Parameter Setting

Radio Configuration 3

Service Option 32

Rate Full

Power Control Always Up

Path Loss See Table 4-2

Note 1: Registration channel, SID/NID are

service provider-specific.
TABLE 5-28 CDMA 1XRTT DATA BASE STATION PARAMETERS - AWS-1 BAND

Parameter Setting

Type CDMA

Band Class 15

Channel (Reg.) As needed'

SID As needed'

NID As needed’

Radio Configuration 3

Service Option 32

Rate Full

Power Control Always Up

Path Loss See Table 4-2

Note 1: Registration channel, SID/NID are

service provider-specific.

Tests shall be carried out for three different frequency pairs across the bands supported by the EUT (i.e.,
cellular, PCS and/or AWS-1), as defined in Table 5-4.

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies with the EUT antenna extended and retracted, as

applicable.

Note: Head-adjacent testing is only required for COMA 1xRTT data if the EUT supports usage against
the head in this mode (e.g., VoIP).

5.10.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for CDMA 1xRTT DATA. Reports shall include results for
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free-space and head/hand configurations (if applicable) across all channels measured with the EUT
antenna extended and retracted (if applicable).

TABLE 5-29 CDMA 1XRTT DATA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE"

Device Held .
Band Uf%:%:liﬁzd Antenna Type Deviglea::wer I:\)I\(Ielvdltcrf FS Bal-:nlzil- Hli_l?{'d
(Yes/No) (mm) BHHR
Embedded | <72 25 TBD TBD
| >72 25 TBD TBD
I <72 22 TBD TBD
Il >72 22 TBD TBD
M <72 18 TBD TBD
5 M >72 18 TBD TBD
Yes
CDMA Stub or | <72 27 TBD TBD
1xRTT DATA Retractable | >72 27 TBD TBD
800 I <72 24 TBD TBD
Il >72 24 TBD TBD
M <72 20 TBD TBD
M >72 20 TBD TBD
All | Al 27 N/A N/A
No* I Al 24 N/A N/A
M Al 20 N/A N/A
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TABLE 5-29 CDMA 1XRTT DATA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'
Device Held .
Band Uf%:%(l;litzzd Antenna Type Devié:;aaI;gwer I?VE&:: FS :{I:'E; Hli_l??nd
(Yes/No)
Embedded I <72 23 TBD TBD
I >72 23 TBD TBD
Il <72 18 TBD TBD
Il >72 18 TBD TBD
1 <72 13 TBD TBD
1 >72 13 TBD TBD
\Y, <72 8 TBD TBD
v >72 8 TBD TBD
\Y <72 3 TBD TBD
3 \Y, >72 3 TBD TBD
Yes

Stub or I <72 25 TBD TBD
CDMA Retractable | >72 25 TBD TBD
1XRTT DATA Il <72 20 TBD TBD
1900 [ >72 20 TBD TBD
1 <72 15 TBD TBD
1 >72 15 TBD TBD
\Y, <72 10 TBD TBD
v >72 10 TBD TBD
\Y <72 5 TBD TBD
\Y, >72 5 TBD TBD
All I All 25 N/A N/A
Il All 20 N/A N/A
No* 1] All 15 N/A N/A
v All 10 N/A N/A
\Y All 5 N/A N/A
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TABLE 5-29  CDMA 1XRTT DATA MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'
Device Held .
Band Uf%:c\’,:liﬁzd Antenna Type Devié:;aaI;gwer I?Vr?él:::: FS :aEEI; Hli_l%nd
(Yes/No)
Embedded I <72 22 TBD TBD
I >72 22 TBD TBD
Il <72 17 TBD TBD
1l >72 17 TBD TBD
1l <72 12 TBD TBD
1 >72 12 TBD TBD
v <72 7 TBD TBD
v >72 7 TBD TBD
\% <72 2 TBD TBD
Vesd V >72 2 TBD TBD
Stub or I <72 22 TBD TBD
CDMA Retractable | >72 22 TBD TBD
1XRTTDATA Il <72 17 TBD TBD
2100/1700 I >72 17 TBD TBD
1l <72 12 TBD TBD
1 >72 12 TBD TBD
v <72 7 TBD TBD
v >72 7 TBD TBD
\% <72 2 TBD TBD
V >72 2 TBD TBD
All I All 22 N/A N/A
1l All 17 N/A N/A
No* 1 All 12 N/A N/A
v All 7 N/A N/A
\ All 2 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically

means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA

performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop

solutions.

Note: Device Power shall comply with the power levels specified in the relevant industry standard(s).
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5.1

Alternate Test Procedure for TRP

5.11.1

These alternate test procedures can significantly reduce the test time for TRP.

Use of these alternate test methods may require additional measurement uncertainty calculations, which
are discussed in Section 7.3.

Single Point Offset Test (SPOT)

109

This offset test procedure significantly reduces the test time for TRP for multi-protocol phones, which
have more than one protocol in the same frequency band. This offset test procedure can be used to
determine the offset in TRP between different protocols on equivalent channels. “Equivalent channels”
assumes that the two channels are close enough in frequency that the pattern does not change. This
method may be used between stand-alone LTE and LTE CA or one LTE CA combination and another,
when the same band, channel and RB allocation combination is evaluated in both LTE combinations if
single point offset testing (SPOT) is allowed for the CA combination as specified in the operator CA
combination priority list identified in Appendix O.8.

This offset test procedure for TRP cannot be used with an antenna which uses a different physical
radiator, or different aperture tuning (e.g. matching on parasitic elements or matching components on the
ground or within the radiator) between the reference protocol and the protocol being evaluated. This
offset test procedure cannot be used in this case because the antenna pattern will generally be different
between the 2 protocols.

This offset test procedure for TRP can be used with an antenna which uses the same physical radiator,
the same aperture tuning (e.g. matching on parasitic elements or matching components on the ground or
within the radiator) but uses different impedance matching (e.g. matching components on the RF feed)
between the reference protocol and the protocol being evaluated,

The manufacturer must declare to the ATL when antennas are implemented in such a way that this offset
test procedure for TRP cannot be used, when single point offset tests are considered.

It is recommended that voice digital protocols be given priority when doing full TRP measurements. For
purposes of clarity for the following test procedure, test configuration A will be the reference protocol for
which a full TRP measurement is performed. Test configuration B will be the other protocol to be tested
using the single point radiated test.

Either test sequence is repeated for each channel specified in the appropriate part of Section 5. Either
test sequence shall be repeated for each EUT antenna configuration (free space, head and hand
phantom, hand phantom only, whip extended, whip retracted). The single/multi point radiated power for
both test configurations, the difference, and the calculated TRP for test configuration B shall be recorded.

The TRP test for test configuration A shall be completed first according to the appropriate part of Section
5. After identifying the position and polarization for which the EUT has its maximum radiated power for
one channel, the EUT should be placed in the same configuration. A radiated power measurement shall
be first done in test configuration A according to the relevant procedures in Section 5. If possible without
touching the phone, initiate a hand-off or change to test configuration B at the equivalent channel.
Otherwise, initiate a call in test configuration B and go to the equivalent channel. If the phone must be
handled in order to initiate a call in test configuration B, then an additional repositioning uncertainty must
be included to account for positioning repeatability. Following that, a radiated power measurement shall
be done in test configuration B according to the relevant procedures in Section 5. The two
measurements shall be conducted as close in time as possible. The difference between these radiated
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tests shall then be used as an offset to the TRP for test configuration A in order to calculate the TRP for
test configuration B.

Note: This test procedure is well suited for pairs of test configurations where hand-offs to and from each
test configuration are both not possible.

5.11.2 Multi-point Offset Test

This offset method has similar benefits as the Single-Point Offset Test in Section 5.11.1 and has the
same restrictions as discussed in Section 5.11.1.

Multiple positions and polarizations shall be predetermined for comparing test configurations A and B.
The test positions and polarizations shall be selected such that they are spread relatively evenly in time
throughout the TRP test and are spread relatively evenly in space over the sphere. While the TRP test
for test configuration A is being performed, measurements for test configuration B will be performed at
those predetermined positions and polarizations. This is accomplished at those predetermined positions
and polarizations by:

1. Measuring the radiated power for test configuration A

2. Handing-off or changing to test configuration B

3. Measuring the radiated power for test configuration B

4. Handing-off or changing to test configuration A

5. And finally continuing the TRP test until another predetermined position and polarization is to

be tested, at which time, steps 1 to 5 are repeated.

The handset shall not be moved between handoffs between configuration A and B and back. Exclude
measurement points, which are less than 20 dB above the noise floor, for use in this multi-point test. The
difference between the averages of the radiated tests at the predetermined positions and polarizations
shall then be used as an offset to the TRP for test configuration A in order to calculate the TRP for test
configuration B.

Note: This test procedure is well suited for pairs of test configurations where hand-offs to and from each
test configuration are both possible.

Note: More than four test positions/polarizations are recommended to keep the measurement
uncertainty low.

Note: This test procedure using multiple test positions/polarizations will have lower uncertainty than the
test procedure using a single test position/polarization.

5.11.3 Spiral Scan Procedure for TRP

110

This alternate test procedure significantly reduces the test time for TRP when used in conjunction with
appropriate measurement systems. This method relies on continuous rotation of both the theta and phi
positioner during the collection of data points. Power measurements on the measurement antenna for
both the theta and phi polarizations may be taken simultaneously or in rapid succession. Alternately,
each polarization may be measured for a complete spiral and the computed spherical quantities for each
polarization may then be combined to obtain the total metrics. In either case, the measurement location
(theta, phi) shall be recorded for each measurement point along with the measurement value.
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FIGURE 5-1 SPIRAL SCAN MEASUREMENT POINTS (LEFT) AND STANDARD (EQUALLY SPACED)
MEASUREMENT POINTS (RIGHT)

The spiral scan TRP procedure may be used without respect to communication protocol.

Due to the nature of the test systems being used, it is not required that point spacing when using the
spiral scan be exactly 15 degrees. However, equal spacing of the test points shall be prioritized and the
following criteria shall be achieved:

1. The maximum theta rotation between subsequent turns in the spiral at the same phi angle
shall be 15 degrees for each polarization.

2. The maximum spacing between adjacent points in phi for each polarization shall be 15
degrees.

3. Points shall be oversampled relative to the standard 15 degree spacing, such that the
minimum number of total measurement locations shall be 350 (x 2 polarizations = 700 total
data points).

This alternate test method does not require additional measurement uncertainty calculations.

5.11.4 TRP Measurement of Low Transmit Duty-Cycle Devices

1

An underlying assumption in the TRP test methodologies described in Sections 5.2, 5.4 through 5.10,
and 5.15 of this document is that the EUT is capable of supporting a moderate to high transmit duty-cycle
during normal operation. However, some EUTs are designed to transmit at full power for only a fraction of
each hour, and as a result, typically have a very small heatsink for the power amplifier and a relatively
low-capacity battery. Attempts to measure TRP using the current CTIA Certification methodology will, in
many cases, cause the EUT to be damaged due to excessive heat.

The TRP test methodology described below applies only to EUTs which have insufficient power/thermal
capacity to maintain the cellular link for at least 50% of the execution time of a single-channel TRP or TIS
test. This methodology applies regardless of cellular radio mode, so it may be utilized, as applicable, for
any EUT which would otherwise be tested according to Sections 5.2, 5.4 through 5.10, and 5.15 of this
document.
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1. If the EUT supports multiple cellular radio modes, determine which cellular radio mode
includes the highest number of CTIA Certification normative bands. If more than one cellular
radio mode supports the same number of bands, the highest-order supported cellular radio
mode (e.g. LTE > UMTS) shall be selected to begin this TRP test procedure.

2. Configure the network simulator so that the EUT output power will be approximately 10 dB
below full output power. It's not necessary to set the uplink power to exactly 10 dB below
full-power, it's only necessary to ensure that the EUT's uplink power setting on the network
simulator is known and maintained through the execution of all subsequent tests, except as
noted. The recommended device warm up time described in Clause 5 of this document
should be applied to the reduced output power.

3. With the network simulator set to command the EUT to operate at a reduced output power as
noted in Step 2, execute the TRP measurement process in one of the EUT's supported bands
following the CTIA Certification procedure for the airlink under test.

4. Once radiated power data from all measurement points have been collected for all three
reference channels in the selected band, determine the peak in the EUT's antenna pattern
per reference channel and orient the measurement antenna(s) to the peak associated with
the low-frequency measurement channel.

5. With the measurement antennas at the low-frequency antenna pattern peak as described in
Step 4, obtain a single radiated power measurement at reduced power. Document the EUT's
radiated power at this measurement location for reduced power.

6. Command the EUT to transmit at full-power only long enough to obtain a single radiated
power measurement on the low-frequency reference channel. Document the radiated power
at this measurement location for full power.

7. Repeat Steps 5 and 6 for the remaining reference channels in the selected band, using the
measurement antenna locations corresponding to the peak in the EUT's antenna pattern at
each reference frequency.

8. Repeat Steps 3 through 7 for all bands and cellular radio modes supported by the EUT. If any
subsequent cellular radio modes include bands not tested in Steps 2 through 7, follow a
similar TRP measurement methodology for the previously-untested band(s) or cellular radio
mode(s).

5.12 LTE Two Downlink Carrier Aggregation (Single Uplink Carrier)

The number and type of measurements required to support TRP performance evaluation shall be
determined based on the CA specific test requirements for carrier aggregation testing as described in
Appendix O.8.1.

5.12.1 Test Procedure

112

This test procedure applies only for two downlink carrier aggregation with a single uplink carrier on the
PCC. This test procedure applies for both inter-band and intra-band cases.

The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

See Appendix D for power measurement considerations.

© 2001 - 2021 CTIA Certification. All Rights Reserved. CTIA

Certification




Test Plan Version 3.9.2

The LTE system simulator and EUT shall be configured per 3GPP TS 36.521-1, Section 6.2.2A (UE
Maximum Output Power) using the default settings specified in 3GPP TS 36.521-1 and 3GPP TS 36.508
as applicable. The test procedure in section 6.2.2A of 3GPP TS 36.521-1 shall be used to measure the
UE output power of the PCC. Adjust the downlink signal power of all CCs as needed to establish/
maintain the LTE connection with a BLER such that the device does not miss PDCCH grants and the
transmitter is not gated off during power measurements.

In order to reduce the need for communication tester upgrades or additions, testing LTE CA 2 DL
combinations in stand-alone LTE is allowed under certain conditions as long as the antenna tuning is set
according to the CA 2 DL combination that is being evaluated. The PCC TRP for a 2 DL CA combination
may be tested in stand-alone LTE mode with the antenna tuned for operation in the 2 DL CA
combination.

For example, when evaluating an interband 2 DL CA case, CA_xA-yA, where x and y are the LTE bands
and the PCC is in LTE x, then the following tests are permitted:

1. TRP for x in CA_xA-yA may be tested in stand-alone LTE x with the antenna tuned for
operation in CA_xA-yA.

Device manufacturers using dynamically tuned antennas should in general have a method of altering the
antenna tuning in order to do the necessary antenna tuning optimization during the R&D phase. In
general, the settings for the antenna tuner are stored in a tuning file. Consequently, the antenna tuning
can be modified by writing a different tuning file into the device. All the stand-alone LTE bands could be
tested using the normal tuning file. A second tuning file for testing the 2 DL CA modes could be created
where the antenna tuner settings for the stand-alone LTE bands are changed to the antenna tuner
settings for the associated 2 DL CA mode.

Tests shall be carried out for different carrier aggregation frequency combinations and RB allocations
across the bands supported by the EUT, as defined in Table 5-30.

TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MoDE"
Agoarier Cc':r::g‘:r:zm gg&%ﬂﬂt e Se¢ | pccuL | sccoL PCC UL RB Allocation PCCDLRB | SCCDLRB
Cgrgibi?\ation (Pgé;riBearnd (Sgé;riBearnd (MHz) (MHz) Channel Channel Allocation Allocation
CA_2A-2A2 2 2 10 10 18650 900 12 RB with RBstart=0 N/A3 N/A3
10 10 18900 1150 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 650 12 RB with RBstart=38 N/A3 N/A3
CA_2A-4A4 2 4 10 10 18650 2350 12 RB with RBstart=0 N/A3 N/A3
10 10 18900 2350 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 2350 12 RB with RBstart=38 N/A3 N/A3
CA_2A-5A 2 5 10 10 18650 2450 12 RB with RBstart=0 N/A3 N/A3
10 10 18900 2450 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 2450 12 RB with RBstart=38 N/A3 N/A3
CA_2A-12A5 2 12 10 18650 5035 12 RB with RBstart=0 N/A3 N/A3
10 18900 5035 | 12 RB with RBstart=19 N/A3 N/A3
10 19150 5035 12 RB with RBstart=38 N/A3 N/A3
CA_2A-13A 2 13 10 10 18650 5230 12 RB with RBstart=0 N/A3 N/A3
10 10 18900 5230 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 5230 12 RB with RBstart=38 N/A3 N/A3
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TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MODE'

pooarrier cfﬂz‘féim gs&%‘:ﬂxﬂt Roe Sec | pccuL | sccoL PCC UL RB Allocation PCCDLRB | SCCDLRB
Cgrg\bi%ation (ng;riBe;nd (Sgg;riBe;nd (MHz) (MHz) Channel Channel Allocation Allocation
CA_2A-17A% 2 17 10 10 18650 5800 | 12 RB with RBstart=0 N/AS N/AS
10 10 18900 5800 | 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 5800 | 12 RB with RBstart=38 N/AS N/AS
CA_2A-29A 2 29 10 10 18650 9720 | 12 RB with RBstart=0 N/AS N/AS
10 10 18900 9720 | 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 9720 | 12 RB with RBstart=38 N/AS N/AS
CA_2A-30A 2 30 10 10 18650 9820 | 12 RB with RBstart=0 N/AS N/AS
10 10 18900 9820 | 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 9820 | 12 RB with RBstart=38 N/AS N/AS
CA_2A-48A 2 48 10 10 18650 56690 | 12 RB with RBstart=0 N/AS N/AS
10 10 18900 56690 | 12 RB with RBstart=19 N/A3 N/A3
10 10 19150 56690 | 12 RB with RBstart=38 N/AS N/AS
CA_2A-66A* 2 66 10 10 18650 | 67286 | 12 RB with RBstart=0 N/AS N/AS
10 10 18900 67286 | 12 RB with RBstart=19 N/AS N/A3
10 10 19150 | 67286 | 12 RB with RBstart=38 N/AS N/AS
CA_4A-2A% 4 2 10 10 20000 650 12 RB with RBstart=0 N/AS N/AS
10 10 20175 650 12 RB with RBstart=19 N/A3 N/A3
10 10 20350 650 12 RB with RBstart=38 N/AS N/AS
CA_4A-4A* 4 4 10 10 20000 2175 | 12 RB with RBstart=0 N/AS N/AS
10 10 20175 2350 | 12 RB with RBstart=19 N/A3 N/A3
10 10 20350 2000 | 12 RB with RBstart=38 N/AS N/AS
CA_4A-5A% 4 5 10 10 20000 2450 | 12 RB with RBstart=0 N/AS N/AS
10 10 20175 2450 | 12 RB with RBstart=19 N/A3 N/A3
10 10 20350 2450 | 12 RB with RBstart=38 N/AS N/AS
CA_4A-12A%5 4 12 10 5 20000 5035 | 12 RB with RBstart=0 N/AS N/AS
10 5 20175 5035 | 12 RB with RBstart=19 N/A3 N/A3
10 5 20350 5035 | 12 RB with RBstart=38 N/AS N/AS
CA_4A-13A% 4 13 10 10 20000 5230 | 12 RB with RBstart=0 N/AS N/AS
10 10 20175 5230 | 12 RB with RBstart=19 N/A3 N/A3
10 10 20350 5230 | 12 RB with RBstart=38 N/AS N/AS
CA_4A-17AMS 4 17 10 10 20000 5800 | 12 RB with RBstart=0 N/AS N/AS
10 10 20175 5800 | 12 RB with RBstart=19 N/A3 N/A3
10 10 20350 5800 | 12 RB with RBstart=38 N/AS N/AS
CA_4A-20A* 4 29 10 10 20000 9720 | 12 RB with RBstart=0 N/AS N/AS
10 10 20175 9720 | 12 RB with RBstart=19 N/A3 N/A3
10 10 20350 9720 | 12 RB with RBstart=38 N/AS N/AS
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TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MODE'

pooarrier cfﬂz‘féim gs&%‘:ﬂxﬂt Roe Sec | pccuL | sccoL PCC UL RB Allocation PCCDLRB | SCCDLRB
Cgrg\bi%ation (ng;riBe;nd (Sgg;riBe;nd (MHz) (MHz) Channel Channel Allocation Allocation
CA_4A-30A* 4 30 10 10 20000 9820 | 12 RB with RBstart=0 N/AS N/AS
10 10 20175 9820 | 12 RB with RBstart=19 N/AS N/AS
10 10 20350 9820 | 12 RB with RBstart=38 N/AS N/AS
CA_5A-2A 5 2 10 10 20450 1150 | 12 RB with RBstart=0 N/AS N/AS
10 10 20525 1150 | 12 RB with RBstart=19 N/AS N/AS
10 10 20600 1150 | 12 RB with RBstart=38 N/AS N/AS
CA_5A-4A* 5 4 10 10 20450 2350 | 12 RB with RBstart=0 N/AS N/AS
10 10 20525 2350 | 12 RB with RBstart=19 N/A3 N/A3
10 10 20600 2350 | 12 RB with RBstart=38 N/AS N/AS
CA_5B? 5 5 10 10 20450 2549 | 12 RB with RBstart=0 N/AS N/AS
10 10 20600 2501 12 RB with RBstart=38 N/A3 N/A3
CA_5A-5A? 5 5 5 5 20425 2525 | 8 RB with RBstart=0 N/AS N/AS
5 5 20525 2625 | 8 RB with RBstart=8 N/AS N/AS
5 5 20625 2425 | 8 RB with RBstart=17 N/A3 N/A3
CA_5A-30A 5 30 10 10 20450 9820 | 12 RB with RBstart=0 N/AS N/AS
10 10 20525 9820 | 12 RB with RBstart=19 N/AS N/AS
10 10 20600 9820 | 12 RB with RBstart=38 N/AS N/AS
CA_5A-48A 5 48 10 10 20450 | 56690 | 12 RB with RBstart=0 N/AS N/AS
10 10 20525 | 56690 | 12 RB with RBstart=19 N/AS N/AS
10 10 20600 56690 | 12 RB with RBstart=38 N/AS N/AS
CA_5A-66A* 5 66 10 10 20450 67286 | 12 RB with RBstart=0 N/AS N/AS
10 10 20525 | 67286 | 12 RB with RBstart=19 N/AS N/AS
10 10 20600 67286 | 12 RB with RBstart=38 N/AS N/AS
CA_12A-2A5 12 2 5 10 23035 1150 | 8 RB with RBstart=0 N/AS N/AS
5 10 23095 1150 | 8 RB with RBstart=8 N/AS N/AS
5 10 23155 1150 | 8 RB with RBstart=17 N/A3 N/A3
CA_12A-4A%4 12 4 5 10 23035 2350 | 8 RB with RBstart=0 N/AS N/AS
5 10 23095 2350 | 8 RB with RBstart=8 N/AS N/AS
5 10 23155 2350 | 8 RB with RBstart=17 N/A3 N/A3
CA_12A-30A 12 30 5 10 23035 9820 | 8 RB with RBstart=0 N/AS N/AS
5 10 23095 9820 | 8 RB with RBstart=8 N/AS N/AS
5 10 23155 9820 | 8 RB with RBstart=17 N/A3 N/A3
CA_12A-66A245 12 66 5 10 23035 67286 | 8 RB with RBstart=0 N/A3 N/A3
5 10 23095 | 67286 | 8RB with RBstart=8 N/AS N/AS
5 10 23155 67286 | 8 RB with RBstart=17 N/A3 N/A3
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TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MODE'

pooarrier cfﬂz‘féim gs&%‘:ﬂxﬂt Roe Sec | pccuL | sccoL PCC UL RB Allocation PCCDLRB | SCCDLRB
Cgrg\bi%ation (ng;riBe;nd (Sgg;riBe;nd (MHz) (MHz) Channel Channel Allocation Allocation
CA_13A-2A 13 2 10 10 23230 1150 | 12 RB with RBstart=0 N/AS N/AS
10 10 23230 1150 | 12 RB with RBstart=19 N/AS N/AS
10 10 23230 1150 | 12 RB with RBstart=38 N/AS N/AS
CA_13A-4A* 13 4 10 10 23230 2350 | 12 RB with RBstart=0 N/AS N/AS
10 10 23230 2350 | 12 RB with RBstart=19 N/A3 N/A3
10 10 23230 2350 | 12 RB with RBstart=38 N/AS N/AS
CA_13A-48A 13 48 10 10 23230 56690 | 12 RB with RBstart=0 N/AS N/AS
10 10 23230 56690 | 12 RB with RBstart=19 N/A3 N/A3
10 10 23230 56690 | 12 RB with RBstart=38 N/AS N/AS
CA_13A-66A% 13 66 10 10 23230 | 67286 | 12 RB with RBstart=0 N/AS N/AS
10 10 23230 67286 | 12 RB with RBstart=19 N/A3 N/A3
10 10 23230 | 67286 | 12 RB with RBstart=38 N/AS N/AS
CA_17A-2A% 17 2 10 10 23780 1150 | 12 RB with RBstart=0 N/AS N/AS
10 10 23790 1150 | 12 RB with RBstart=19 N/AS N/AS
10 10 23800 1150 | 12 RB with RBstart=38 N/AS N/AS
CA_17A-4A%4 17 4 10 10 23780 2350 | 12 RB with RBstart=0 N/AS N/AS
10 10 23790 2350 | 12 RB with RBstart=19 N/A3 N/A3
10 10 23800 2350 | 12 RB with RBstart=38 N/AS N/AS
CA_17A-66A245 17 66 10 10 23780 67286 | 12 RB with RBstart=0 N/AS N/AS
10 10 23790 67286 | 12 RB with RBstart=19 N/A3 N/A3
10 10 23800 | 67286 | 12 RB with RBstart=38 N/AS N/AS
CA_25A-25A 25 25 5 5 26065 8665 | 8 RB with RBstart=0 N/AS N/AS
5 5 26365 8665 | 8 RB with RBstart=8 N/A3 N/A3
5 5 26665 8665 | 8 RB with RBstart=17 N/AS N/AS
CA_25A-26A 25 26 5 5 26065 9015 | 8 RB with RBstart=0 N/AS N/AS
5 5 26365 9015 | 8 RB with RBstart=8 N/A3 N/A3
5 5 26665 9015 | 8 RB with RBstart=17 N/AS N/AS
CA_25A-41A 25 41 5 20 26065 | 41490 | 8 RB with RBstart=0 N/AS N/AS
5 20 26365 41490 | 8 RB with RBstart=8 N/A3 N/A3
5 20 26665 | 41490 | 8 RB with RBstart=17 N/AS N/AS
CA_26A-25A 26 25 5 26715 8065 | 8 RB with RBstart=0 N/AS N/AS
5 26865 8065 | 8 RB with RBstart=8 N/A3 N/A3
5 27015 8065 | 8 RB with RBstart=17 N/AS N/AS
CA_26A-41A 26 41 5 20 26715 | 41490 | 8 RB with RBstart=0 N/AS N/AS
5 20 26865 41490 | 8 RB with RBstart=8 N/A3 N/A3
5 20 27015 | 41490 | 8 RB with RBstart=17 N/AS N/AS
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TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MODE'

pooarrier cfﬂz‘féim gs&%‘:ﬂxﬂt Roe Sec | pccuL | sccoL PCC UL RB Allocation PCCDLRB | SCCDLRB
Cgrg\bi%ation (ng;riBe;nd (Sgg;riBe;nd (MHz) (MHz) Channel Channel Allocation Allocation
CA_30A-2A 30 2 10 10 27710 650 12 RB with RBstart=0 N/AS N/AS
10 10 27710 650 12 RB with RBstart=19 N/A3 N/A3
10 10 27710 650 12 RB with RBstart=38 N/AS N/AS
CA_30A-4A* 30 4 10 10 27710 2000 | 12 RB with RBstart=0 N/AS N/AS
10 10 27710 2000 | 12 RB with RBstart=19 N/A3 N/A3
10 10 27710 2000 | 12 RB with RBstart=38 N/AS N/AS
CA_30A-5A 30 5 10 10 27710 2450 | 12 RB with RBstart=0 N/AS N/AS
10 10 27710 2450 | 12 RB with RBstart=19 N/A3 N/A3
10 10 27710 2450 | 12 RB with RBstart=38 N/AS N/AS
CA_30A-12A 30 12 10 5 27710 5035 | 12 RB with RBstart=0 N/AS N/AS
10 5 27710 5035 | 12 RB with RBstart=19 N/A3 N/A3
10 5 27710 5035 | 12 RB with RBstart=38 N/AS N/AS
CA_30A-29A 30 29 10 10 27710 9720 | 12 RB with RBstart=0 N/AS N/AS
10 10 27710 9720 | 12 RB with RBstart=19 N/A3 N/A3
10 10 27710 9720 | 12 RB with RBstart=38 N/AS N/AS
CA_30A-66A* 30 66 10 10 27710 67286 | 12 RB with RBstart=0 N/AS N/AS
10 10 27710 67286 | 12 RB with RBstart=19 N/A3 N/A3
10 10 27710 67286 | 12 RB with RBstart=38 N/AS N/AS
CA_41A-25A 41 25 20 5 39750 8065 | 18 RB with RBstart=0 N/AS N/AS
20 5 40620 8065 | 18 RB with RBstart=41 N/AS N/A3
20 5 41490 8065 | 18 RB with RBstart=82 N/AS N/AS
CA_41A-26A 41 26 20 5 39750 8715 | 18 RB with RBstart=0 N/AS N/AS
20 5 40620 8715 | 18 RB with RBstart=41 N/A3 N/A3
20 5 41490 8715 | 18 RB with RBstart=82 N/AS N/AS
CA_41C 41 41 20 20 39750 39948 | 18 RB with RBstart=0 N/AS N/AS
20 20 40620 40422 | 18 RB with RBstart=41 N/A3 N/A3
20 20 41490 41292 | 18 RB with RBstart=82 N/AS N/AS
CA_41A-41A 41 41 20 20 39750 | 40620 | 18 RB with RBstart=0 N/AS N/AS
20 20 40620 41490 | 18 RB with RBstart=41 N/A3 N/A3
20 20 41490 39750 | 18 RB with RBstart=82 N/AS N/AS
CA_48A-2A 48 2 10 10 55290 650 12 RB with RBstart=0 N/AS N/AS
10 10 55990 650 12 RB with RBstart=19 N/AS N/A3
10 10 56690 650 12 RB with RBstart=38 N/AS N/AS
CA_48A-5A 48 5 10 10 55290 2450 | 12 RB with RBstart=0 N/AS N/AS
10 10 55990 2450 | 12 RB with RBstart=19 N/AS N/A3
10 10 56690 2450 | 12 RB with RBstart=38 N/AS N/AS
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TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MODE'

pooarrier cfﬂz‘féim gs&%‘:ﬂxﬂt Roe Sec | pccuL | sccoL PCC UL RB Allocation PCCDLRB | SCCDLRB
Cgrg\bi%ation (ng;riBe;nd (Sgg;riBe;nd (MHz) (MHz) Channel Channel Allocation Allocation
CA_48A-13A 48 13 10 10 55290 5230 | 12 RB with RBstart=0 N/AS N/AS
10 10 55990 5230 | 12 RB with RBstart=19 N/A3 N/A3
10 10 56690 5230 | 12 RB with RBstart=38 N/AS N/AS
CA_48A-66A 48 66 10 10 55290 | 66486 | 12 RB with RBstart=0 N/AS N/AS
10 10 55990 66486 | 12 RB with RBstart=19 N/A3 N/A3
10 10 56690 | 66486 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-2A* 66 2 10 10 132022 650 12 RB with RBstart=0 N/AS N/AS
10 10 132322 650 12 RB with RBstart=19 N/AS N/AS
10 10 132622 650 12 RB with RBstart=38 N/AS N/AS
CA_66A-5A* 66 5 10 10 132022 2450 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 2450 | 12 RB with RBstart=19 N/AS N/AS
10 10 132622 | 2450 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-12A245 66 12 10 5 132022 5035 | 12 RB with RBstart=0 N/AS N/AS
10 5 132322 5035 | 12 RB with RBstart=19 N/AS N/AS
10 5 132622 | 5035 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-13A% 66 13 10 10 132022 | 5230 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 5230 | 12 RB with RBstart=19 N/A3 N/AS
10 10 132622 | 5230 | 12 RB with RBstart=38 N/AS N/AS
CA_B6A-17A245 66 17 10 10 132022 5800 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 5800 | 12 RB with RBstart=19 N/A3 N/AS
10 10 132622 | 5800 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-29A% 66 29 10 10 132022 | 9720 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 9720 | 12 RB with RBstart=19 N/A3 N/AS
10 10 132622 | 9720 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-30A* 66 30 10 10 132022 | 9820 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 9820 | 12 RB with RBstart=19 N/A3 N/A3
10 10 132622 | 9820 | 12 RB with RBstart=38 N/AS N/AS
CA_66C° 66 66 10 20 132022 | 66630 | 12 RB with RBstart=0 N/AS N/AS
10 20 132322 | 66930 | 12 RB with RBstart=19 N/A3 N/A3
10 20 132622 | 67230 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-48A2 66 48 10 10 132022 | 56690 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 56690 | 12 RB with RBstart=19 N/A3 N/A3
10 10 132622 | 56690 | 12 RB with RBstart=38 N/AS N/AS
CA_66A-66A* 66 66 10 10 132022 | 67286 | 12 RB with RBstart=0 N/AS N/AS
10 10 132322 | 67286 | 12 RB with RBstart=19 N/A3 N/A3
10 10 132622 | 66486 | 12 RB with RBstart=38 N/AS N/AS
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TABLE 5-30 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS
TABLE FOR THE PRIMARY MECHANICAL MoDE"

Carrier Componint | Comoaaye | Pcc SCC | pccuL | sccoL PCCDLRB | SCCDLRB
Aggre_gati_on o(r:':-xprggsn ocr:'lx':ﬁzs" BW BW Channel Channel PCC UL RB Allocation Allocation Allocation
Combination (PCC) Band (SCC) Band (MHz) (MHz)

CA_70C 70 70 15 10 133047 68531 16 RB with RBstart=0 N/A3 N/A3
15 10 133047 | 68531 | 16 RB with RBstart=29 N/A3 N/A3
15 10 133047 68531 16 RB with RBstart=59 N/A3 N/A3

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or
portrait slide open, but depends on form factor).
Note 2: This combination creates harmonic, intermodulation, or self-desense interference to the SCC. The power level of the SCC shall be adjusted as
needed to maintain the LTE carrier aggregation connection and error free operation on the SCC.
Note 3: As per 3GPP TS 36.521-1, Section 6.2.2A (UE Maximum Output Power for CA).
Note 4: If the device supports both CA_4A-xA and CA_66A-xA (where x is the band number of the SCC), then testing is only required in CA_66A-xA.
Similarly, if the device supports both CA_xA-4A and CA_xA-66A (where x is the band number of the PCC), then testing is only required in

CA_XxA-66A.

Note 5: If the device supports both CA_12A-xA and CA_17A-xA (where x is the band number of the SCC), then testing is only required in CA_12A-xA.
Similarly, if the device supports both CA_xA-12A and CA_xA-17A (where x is the band number of the PCC), then testing is only required in

CA XxA-12A.

Note 6: Since all Band 66-capable devices are required to support both CA_66B and CA_66C per 3GPP TS 36.101, testing of CA_66B is not required.

Hand phantom only and/or free-space testing shall be conducted based on device type, as specified in
Appendix O. Refer to Appendix C for hand testing requirements. Perform each test on all specified
frequencies and RB allocations with the EUT antenna extended and retracted, as applicable.

Note: Head-adjacent testing is not required for LTE CA.

5.12.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for 2 downlink LTE carrier aggregation. Reports shall
include results for free-space and hand only configurations (if applicable) across all channels and RB
allocations measured with the EUT in primary mechanical mode, and (if applicable) in non-primary
mechanical modes as reference information.

TABLE 5-31 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'
Carrcizl;n%%g:tei%antion Devic?ol;k\ellgi‘t:: e Device Width (mm)2 Free Space HL and HR
CA_2A-2A Yes3 <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
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TABLE 5-31

LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carrcitca)r;nﬁggi;rg‘:tai%?‘tion DeVic?OT?}gi(t:: Head Device Width (mm)2 Free Space HL and HR
CA_2A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-12A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-13A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-17A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-29A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-48A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-31

LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carrcitca)r;nﬁggi;rg‘:tai%?‘tion DeVic?OT?}gi(t:: Head Device Width (mm)2 Free Space HL and HR
CA_4A-12A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-13A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-17A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-29A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA 5B Yes3 <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-30A Yes3 <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-48A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-31

LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carrcitca)r;nﬁggi;rg‘:tai%?‘tion DeVic?OT?}gi(t:: Head Device Width (mm)2 Free Space HL and HR
CA_5A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_12A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_12A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_12A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_12A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_13A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_13A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_13A-48A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_13A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_17A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_17A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-31

LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carrcitca)r;nﬁggi;rg‘:tai%?‘tion DeVic?OT?}gi(t:: Head Device Width (mm)2 Free Space HL and HR
CA_17A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_25A-25A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_25A-26A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_25A-41A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_26A-25A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_26A-41A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-12A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-29A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-31

LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carrcitca)r;nﬁggi;rg‘:tai%?‘tion DeVic?OT?}gi(t:: Head Device Width (mm)2 Free Space HL and HR
CA_30A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_41A-25A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_41A-26A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA _41C Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_41A-41A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_48A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_48A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_48A-13A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_48A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-31 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carrci?):n%gi;rg‘:tai%?‘tion Devic?ol;lt\ellgi‘t:: Head Device Width (mm)2 Free Space HL and HR
CA_66A-12A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-13A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-17A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-29A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-48A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66C Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_70C Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.

Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in LTE mode.

Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.
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5.13 LTE Three Downlink Carrier Aggregation (Single Uplink Carrier)

The number and type of measurements required to support TRP performance evaluation shall be
determined based on the CA specific test requirements for carrier aggregation testing as described in
Appendix O.8.1.

5.13.1 Test Procedure

126

The test procedure for three downlink carrier aggregation with a single uplink carrier is the same as the
test procedure for two downlink carrier aggregation with a single uplink carrier (per Section 5.12) with the
exception that there are two SCCs.

Tests shall be carried out for different carrier aggregation frequency combinations and RB allocations
across the bands supported by the EUT, as defined in Table 5-32. Since only the PCC is being tested,
there is no need to swap the SCCs. The SCCs have been chosen, in general, to maximize the bandwidth
spanned by the antenna.

In order to reduce the need for communication tester upgrades or additions, testing LTE CA 3 DL
combinations in stand-alone LTE is allowed under certain conditions as long as the antenna tuning is set
according to the CA 3 DL combination that is being evaluated. The PCC TRP for a 3 DL CA combination
may be tested in stand-alone LTE mode with the antenna tuned for operation in the 3 DL CA
combination.

For example, when evaluating an interband 3 DL CA case, CA_xA-yA-zA, where x, y and z are the LTE
bands and the PCC is in LTE X, then the following tests are permitted:

1. TRP for x in CA_xA-yA-zA may be tested in stand-alone LTE x with the antenna tuned for
operation in CA_xA-yA-zA.

Device manufacturers using dynamically tuned antennas should in general have a method of altering the
antenna tuning in order to do the necessary antenna tuning optimization during the R&D phase. In
general, the settings for the antenna tuner are stored in a tuning file. Consequently, the antenna tuning
can be modified by writing a different tuning file into the device. All the stand-alone LTE bands could be
tested using the normal tuning file. A second tuning file for testing the 2 DL CA modes could be created
where the antenna tuner settings for the stand-alone LTE bands are changed to the antenna tuner
settings for the associated 2 DL CA mode. A third tuning file for testing the 3 DL CA modes could be
created where the antenna tuner settings for the stand-alone LTE bands are changed to the antenna
tuner settings for the associated 3 DL CA mode.
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MoDE'
Carrier A ti [of ey t gecondaryt PCC BW SCC BW: PCC UL SCC DL
g i S s R B 1 S < S v d Poc UL RB Alocaton | "ESG8® | 3522602
Band SCC2) Bands
18650 SCC1=900 12 RB with RBstart=0 N/A3 N/A3
SCC2=2350
AN SCC1=2 SCC1=10 18900 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_2A-2A-4A 2 SCC2=4 01 scee=10 SCC2=2350
19150 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2350
18650 SCC1=900 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
OALEA2 SCC1=2 SCC1=10 18900 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_2A-2A-5A 2 SCC2-5 01 scee=10 SCC2=2450
19150 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
18650 SCC1=900 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
D AADA2 SCC1=2 SCC1=10 18900 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_2A-2A-12A 2 SCC2=12 10 SCC2=5 SCC2-5035
19150 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
18650 SCC1=900 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
D AARA2 SCC1=2 SCC1=10 18900 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_2A-2A-13A 2 SCC2=13 01 scee=10 SCC2=5230
19150 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
18650 SCC1=900 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
D ALRRA2 SCC1=2 SCC1=10 18900 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_2A-2A-66A 2 SCC2=66 01 scee=10 SCC2=67286
19150 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
18650 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=2350
AN SCC1=4 SCC1=10 18900 SCC1=2000 12 RB with RBstart=19 N/A3 N/A3
CA_2A-4A-4A 2 SCC2=4 01 scee=10 SCC2=2350
19150 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=2350
18650 SCC1=2350 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
AAEAA SCC1=4 SCC1=10 18900 SCC1=2350 12 RB with RBstart=19 N/A3 N/A3
CA_2A-4A-5A 2 SCC2=5 01 scee=10 SCC2=2450
19150 SCC1=2350 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
18650 SCC1=2350 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
A 1o scc1=4 SCC1=10 18900 SCC1=2350 | 12 RB with RBstart=19 N/A3 N/A3
CA_2A-4A-12A 2 SCC2=12 10 SCC2-5 SCC2-5035
19150 SCC1=2350 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
18650 SCC1=2350 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
SCC1=4 SCC1=10 18900 SCC1=2350 12 RB with RBstart=19 N/A3 N/A3
- - 4 = - - -
CA_2A-4A-13A 2 SCC2=13 10 SC02=10 SC02-5230
19150 SCC1=2350 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
18650 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
SCCc1=5 SCC1=10 18900 SCC1=2450 12 RB with RBstart=19 N/A3 N/A3
CA_2A-5A-30A 2 SCC2=30 10 SCC2=10 SCC2=9820
19150 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
18650 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
SCCc1=5 SCC1=10 18900 SCC1=2450 12 RB with RBstart=19 N/A3 N/A3
CA_2A-5A-48A 2 SCC2=48 10 SCC2=10 SCC2=56690
19150 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
18650 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
A Aaad scci1=5 SCC1=10 18900 SCC1=2450 | 12 RB with RBstart=19 N/A3 N/A3
CA_2A-5A-66A 2 SCC2=66 10 SCC2=10 SCC2=67286
19150 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
18650 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
Scc1=12 SCC1=5 18900 SCC1=5035 12 RB with RBstart=19 N/A3 N/A3
CA_2A-12A-30A 2 SCC2=30 10 SCC2=10 SCC2=9820
19150 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
18650 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
oA aal Scc1=12 SCC1=5 18900 SCC1=5035 12 RB with RBstart=19 N/A3 N/A3
CA_2A-12A-66A 2 SCC2=66 10 SCC2=10 SCC2=67286
19150 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286

128

© 2001 - 2021 CTIA Certification. All Rights Reserved.

CTIA

Certification




Test Plan Version 3.9.2

TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
18650 SCC1=5230 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
SCC1=13 SCC1=10 18900 SCC1=5230 12 RB with RBstart=19 N/A3 N/A3
CA_2A-13A-48A 2 SCC2-48 01 scee=10 SCC2=56690
19150 SCC1=5230 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
18650 SCC1=5230 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
A aaad SCCc1=13 SCC1=10 18900 SCC1=5230 12 RB with RBstart=19 N/A3 N/A3
CA_2A-13A-66A 2 SCC2=66 01 scee=10 SCC2-67286
19150 SCC1=5230 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
18650 SCC1=9720 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
SCC1=29 SCC1=10 18900 SCC1=9720 12 RB with RBstart=19 N/A3 N/A3
CA_2A-29A-30A 2 SCC2=30 10 SCC2=10 SCC2=9820
19150 SCC1=9720 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
18650 SCC1=56690 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
PPV SCC1=48 SCC1=10 18900 SCC1=56690 | 12 RB with RBstart=19 N/A3 N/A3
CA_2A-48A-66A 2 SCC2=66 10 SCC2=10 SCC2=66486
19150 SCC1=56690 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
18650 SCC1=67086 12 RB with RBstart=0 N/A3 N/A3
SCC2=67230
PSP SCC1=66 SCC1=10 18900 SCC1=67086 | 12 RB with RBstart=19 N/A3 N/A3
CA_2A-66C 2 SCC2=66 10 SCC2=20 SCC2=67230
19150 SCC1=67086 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67230
18650 SCC1=66486 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
AeA aaad SCC1=66 SCC1=10 18900 SCC1=66486 | 12 RB with RBstart=19 N/A3 N/A3
CA_2A-66A-66A 2 SCC2=66 10 SCC2=10 SCC2=67286
19150 SCC1=66486 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
20000 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=2175
Scc1=2 SCC1=10 20175 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_AA2A-4A 4 SCC2=4 10 SCC2=10 SCC2=2350
20350 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2000
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C oy t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
20000 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
P scc1=2 SCC1=10 20175 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_4A-2A-5A 4 SCC2-5 01 sceo=10 SCC2=2450
20350 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
20000 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
oA1oad scc1=2 SCC1=10 20175 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_4A-2A-12A 4 SCC2=12 10 SCC2-5 SCC2-5035
20350 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
20000 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
oA 12 scc1=2 SCC1=10 20175 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_4A-2A-13A 4 SCC2=13 10 SCC2=10 SCC2=5230
20350 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
20000 SCC1=2175 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
Y scc1=4 SCC1=10 20175 SCC1=2350 | 12 RB with RBstart=19 N/A3 N/A3
CA_4A-4A-5A 4 SCC2=5 10 SCC2=10 SCC2=2450
20350 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
20000 SCC1=2175 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
A 1o scc1=4 SCC1=10 20175 SCC1=2350 | 12 RB with RBstart=19 N/A3 N/A3
CA_4A-4A-12A 4 SCC2=12 10 SCC2=5 SCC2=5035
20350 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
20000 SCC1=2175 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
AA 12l scc1=4 SCC1=10 20175 SCC1=2350 | 12 RB with RBstart=19 N/A3 N/A3
CA_4A-4A-13A 4 SCC2=13 10 SCC2=10 SCC2=5230
20350 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
20000 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
A anad scci1=5 SCC1=10 20175 SCC1=2450 | 12 RB with RBstart=19 N/A3 N/A3
CA_4A-5A-30A 4 SCC2=30 10 SCC2=10 SCC2=9820
20350 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820

130

© 2001 - 2021 CTIA Certification. All Rights Reserved.

CTIA

Certification




Test Plan Version 3.9.2

TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
20000 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
oAanAd SCC1=12 scci1=5 20175 SCC1=5035 | 12 RB with RBstart=19 N/A3 N/A3
CA_4A-12A-30A 4 SCC2=30 01 scee=10 SCC2-9820
20350 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
20000 SCC1=9720 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
oA ANAd SCC1=29 SCC1=10 20175 SCC1=9720 | 12 RB with RBstart=19 N/A3 N/A3
CA_4A-29A-30A 4 SCC2=30 01 scee=10 SCC2-9820
20350 SCC1=9720 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
20450 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=1150
Scc1=2 SCC1=10 20525 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_SA-2A-2A 5 SCC2=2 10 SCC2=10 SCC2=1150
20600 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=1150
20450 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=2350
P scc1=2 SCC1=10 20525 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_SA-2A-4A 5 SCC2=4 10 SCC2=10 SCC2=2350
20600 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2350
20450 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
Scc1=2 SCC1=10 20525 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_SA-2A-30A 5 SCC2=30 10 SCC2=10 SCC2=9820
20600 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
20450 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
Scc1=2 SCC1=10 20525 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_SA-2A-48A 5 SCC2=48 10 SCC2=10 SCC2=56690
20600 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
20450 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
oAAAd scc1=2 SCC1=10 20525 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_SA-2A-66A 5 SCC2=66 10 SCC2=10 SCC2=67286
20600 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C oy t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
20450 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=2350
AAAp scc1=4 SCC1=10 20525 SCC1=2000 | 12 RB with RBstart=19 N/A3 N/A3
CA_SA-4A-4A 5 SCC2=4 01 sceo=10 SCC2=2350
20600 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=2350
20450 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
N scc1=4 SCC1=10 20525 SCC1=2000 | 12 RB with RBstart=19 N/A3 N/A3
CA_SA-4A-30A 5 SCC2=30 01 scee=10 SCC2-9820
20600 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
20425 SCC1=2525 8 RB with RBstart=0 N/A3 N/A3
SCC2=67286
EARAAZA scci1=5 scci1=5 20525 SCC1=2625 8 RB with RBstart=8 N/A3 N/A3
CA_SA-5A-66A 5 SCC2=66 5 SCC2=10 SCC2=67286
20625 SCC1=2425 8 RB with RBstart=17 N/A3 N/A3
SCC2=67286
20450 SCC1=9720 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
SCC1=29 SCC1=10 20525 SCC1=9720 12 RB with RBstart=19 N/A3 N/A3
CA_SA-29A-30A 5 SCC2=30 10 SCC2=10 SCC2=9820
20600 SCC1=9720 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
20450 SCC1=9820 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
AOARRAL SCC1=30 SCC1=10 20525 SCC1=9820 | 12 RB with RBstart=19 N/A3 N/A3
CA_SA-30A-66A 5 SCC2=66 10 SCC2=10 SCC2=66486
20600 SCC1=9820 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
20450 SCC1=56690 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
SCC1=48 SCC1=10 20525 SCC1=56690 | 12 RB with RBstart=19 N/A3 N/A3
CA_SA-48A-66A 5 SCC2=66 10 SCC2=10 SCC2=66486
20600 SCC1=56690 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
20450 SCC1=67086 12 RB with RBstart=0 N/A3 N/A3
SCC2=67230
R4S SCC1=66 SCC1=10 20525 SCC1=67086 | 12 RB with RBstart=19 N/A3 N/A3
CA_SA-66C 5 SCC2=66 10 SCC2=20 SCC2=67230
20600 SCC1=67086 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67230
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
20450 SCC1=66486 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
AeA aaad SCC1=66 SCC1=10 20525 SCC1=66486 | 12 RB with RBstart=19 N/A3 N/A3
CA_SA-66A-66A 5 SCC2=66 01 sceo=10 SCC2-67286
20600 SCC1=66486 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
23035 SCC1=650 8 RB with RBstart=0 N/A3 N/A3
SCC2=1150
SCC1=2 SCC1=10 23095 SCC1=650 8 RB with RBstart=8 N/A3 N/A3
CA_12A-2A2A 12 SCC2=2 5 SCC2=10 SCC2=1150
23155 SCC1=650 8 RB with RBstart=17 N/A3 N/A3
SCC2=1150
23035 SCC1=650 8 RB with RBstart=0 N/A3 N/A3
SCC2=2350
oaand SCC1=2 SCC1=10 23095 SCC1=650 8 RB with RBstart=8 N/A3 N/A3
CA_12A-2A4A 12 SCC2=4 5 SCC2=10 SCC2=2350
23155 SCC1=650 8 RB with RBstart=17 N/A3 N/A3
SCC2=2350
23035 SCC1=650 8 RB with RBstart=0 N/A3 N/A3
SCC2=9820
SCC1=2 SCC1=10 23095 SCC1=650 8 RB with RBstart=8 N/A3 N/A3
CA_12A-2A-30A 12 SCC2=30 5 SCC2=10 SCC2=9820
23155 SCC1=650 8 RB with RBstart=17 N/A3 N/A3
SCC2=9820
23035 SCC1=650 8 RB with RBstart=0 N/A3 N/A3
SCC2=67286
ARAA2A SCC1=2 SCC1=10 23095 SCC1=650 8 RB with RBstart=8 N/A3 N/A3
CA_12A-2A-66A 12 SCC2=66 5 SCC2=10 SCC2=67286
23155 SCC1=650 8 RB with RBstart=17 N/A3 N/A3
SCC2=67286
23035 SCC1=2000 8 RB with RBstart=0 N/A3 N/A3
SCC2=2350
AN A4 SCC1=4 SCC1=10 23095 SCC1=2000 8 RB with RBstart=8 N/A3 N/A3
CA_T2A-4A-4A 12 SCC2=4 5 SCC2=10 SCC2=2350
23155 SCC1=2000 8 RB with RBstart=17 N/A3 N/A3
SCC2=2350
23035 SCC1=2000 8 RB with RBstart=0 N/A3 N/A3
SCC2=9820
A 224 SCC1=4 SCC1=10 23095 SCC1=2000 8 RB with RBstart=8 N/A3 N/A3
CA_12A-4A-30A 12 SCC2=30 5 SCC2=10 SCC2=9820
23155 SCC1=2000 8 RB with RBstart=17 N/A3 N/A3
SCC2=9820
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
23035 SCC1=9720 8 RB with RBstart=0 N/A3 N/A3
SCC2=67286
OA.RRALA SCC1=29 SCC1=10 23095 SCC1=9720 8 RB with RBstart=8 N/A3 N/A3
CA_12A-29A-66A 12 SCC2=66 5 SCC2=10 SCC2-67286
23155 SCC1=9720 8 RB with RBstart=17 N/A3 N/A3
SCC2=67286
23035 SCC1=9820 8 RB with RBstart=0 N/A3 N/A3
SCC2=66486
ROARRALA SCC1=30 SCC1=10 23095 SCC1=9820 8 RB with RBstart=8 N/A3 N/A3
CA_12A-30A-66A 12 SCC2=66 5 SCC2=10 SCC2-66486
23155 SCC1=9820 8 RB with RBstart=17 N/A3 N/A3
SCC2=66486
23035 SCC1=67086 8 RB with RBstart=0 N/A3 N/A3
SCC2=67230
245 SCC1=66 SCC1=10 23095 SCC1=67086 8 RB with RBstart=8 N/A3 N/A3
CA_12A-66C 12 SCC2=66 5 SCC2=20 SCC2=67230
23155 SCC1=67086 8 RB with RBstart=17 N/A3 N/A3
SCC2=67230
23035 SCC1=66486 8 RB with RBstart=0 N/A3 N/A3
SCC2=67286
AAA RAALA SCC1=66 SCC1=10 23095 SCC1=66486 8 RB with RBstart=8 N/A3 N/A3
CA_T2A-66A-66A 12 SCC2=66 5 SCC2=10 SCC2=67286
23155 SCC1=66486 8 RB with RBstart=17 N/A3 N/A3
SCC2=67286
23230 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=1150
Scc1=2 SCC1=10 23230 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_13A-2A2A 13 SCC2=2 10 SCC2=10 SCC2=1150
23230 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=1150
23230 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=2350
P scc1=2 SCC1=10 23230 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_13A-2A4A 13 SCC2=4 10 SCC2=10 SCC2=2350
23230 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2350
23230 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
Scc1=2 SCC1=10 23230 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_13A-2A-48A 13 SCC2=48 10 SCC2=10 SCC2=56690
23230 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
23230 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
oARaad scc1=2 SCC1=10 23230 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_13A-2A-66A 13 SCC2=66 01 scee=10 SCC2-67286
23230 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
23230 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=2350
AAAp scc1=4 SCC1=10 23230 SCC1=2000 | 12 RB with RBstart=19 N/A3 N/A3
CA_13A-4A4A 13 SCC2=4 01 scee=10 SCC2=2350
23230 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=2350
23230 SCC1=56690 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
SCC1=48 SCC1=10 23230 SCC1=56690 | 12 RB with RBstart=19 N/A3 N/A3
CA_T3A-48A-66A 13 SCC2=66 10 SCC2=10 SCC2=66486
23230 SCC1=56690 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
23230 SCC1=67086 12 RB with RBstart=0 N/A3 N/A3
SCC2=67230
aned 5 SCC1=66 SCC1=10 23230 SCC1=67086 | 12 RB with RBstart=19 N/A3 N/A3
CA_T3A-66C 13 SCC2=66 10 SCC2=20 SCC2=67230
23230 SCC1=67086 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67230
23230 SCC1=66486 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
PO SCC1=66 SCC1=10 23230 SCC1=66486 | 12 RB with RBstart=19 N/A3 N/A3
CA_T3A-66A-66A 13 SCC2=66 10 SCC2=10 SCC2=67286
23230 SCC1=66486 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
26065 SCC1=39750 8 RB with RBstart=0 N/A3 N/A3
SCC2=39948
SCC1=41 SCC1=20 26365 SCC1=40620 8 RB with RBstart=8 N/A3 N/A3
CA_25A-41C 25 SCC2=41 5 SCC2=20 SCC2=40422
26665 SCC1=41490 8 RB with RBstart=17 N/A3 N/A3
SCC2=41292
27710 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
Scc1=2 SCC1=10 27710 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_30A-2A-5A 30 SCC2=5 10 SCC2=10 SCC2=2450
27710 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
27710 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
Scc1=2 SCC1=10 27710 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_30A-2A-12A 30 SCC2=12 10 SCC2-5 SCC2-5035
27710 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
27710 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=9720
Scc1=2 SCC1=10 27710 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_30A-2A-29A 30 SCC2=29 01 scee=10 SCC2=9720
27710 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=9720
27710 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
AAeAd SCC1=4 SCC1=10 27710 SCC1=2000 12 RB with RBstart=19 N/A3 N/A3
CA_30A-4A-5A 30 SCC2=5 10 SCC2=10 SCC2=2450
27710 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
27710 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
A Aopd SCC1=4 SCC1=10 27710 SCC1=2000 12 RB with RBstart=19 N/A3 N/A3
CA_30A-4A-12A 30 SCC2=12 10 SCC2=5 SCC2=5035
27710 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
27710 SCC1=2000 12 RB with RBstart=0 N/A3 N/A3
SCC2=9720
A oand SCC1=4 SCC1=10 27710 SCC1=2000 12 RB with RBstart=19 N/A3 N/A3
CA_30A-4A-29A 30 SCC2=29 10 SCC2=10 SCC2=9720
27710 SCC1=2000 12 RB with RBstart=38 N/A3 N/A3
SCC2=9720
27710 SCC1=2600 12 RB with RBstart=0 N/A3 N/A3
SCC2=9720
Scc1=5 SCC1=10 27710 SCC1=2600 12 RB with RBstart=19 N/A3 N/A3
CA_30A-5A-29A 30 SCC2=29 10 SCC2=10 SCC2=9720
27710 SCC1=2600 12 RB with RBstart=38 N/A3 N/A3
SCC2=9720
27710 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
A aaad scci1=5 SCC1=10 27710 SCC1=2450 | 12 RB with RBstart=19 N/A3 N/A3
CA_30A-5A-66A 30 SCC2=66 10 SCC2=10 SCC2=66486
27710 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
27710 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
onrAAd SCC1=12 SCC1=5 27710 SCC1=5035 12 RB with RBstart=19 N/A3 N/A3
CA_30A-12A-66A 30 SCC2=66 01 scee=10 SCC2-66486
27710 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
27710 SCC1=9720 12 RB with RBstart=0 N/A3 N/A3
SCC2=66486
oA RRAS SCC1=29 SCC1=10 27710 SCC1=9720 | 12 RB with RBstart=19 N/A3 N/A3
CA_30A-29A-66A 30 SCC2=66 01 scee=10 SCC2-66486
27710 SCC1=9720 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
27710 SCC1=67086 12 RB with RBstart=0 N/A3 N/A3
SCC2=67230
ar 5 SCC1=66 SCC1=10 27710 SCC1=67086 | 12 RB with RBstart=19 N/A3 N/A3
CA_30A-66C 30 SCC2=66 10 SCC2=20 SCC2=67230
27710 SCC1=67086 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67230
27710 SCC1=66486 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
A RAAd SCC1=66 SCC1=10 27710 SCC1=66486 | 12 RB with RBstart=19 N/A3 N/A3
CA_30A-66A-66A 30 SCC2=66 10 SCC2=10 SCC2=67286
27710 SCC1=66486 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
39750 SCC1=39948 18 RB with RBstart=0 N/A3 N/A3
SCC2=40146
CA 41D 41 SCC1=41 20 SCC1=20 40620 SCC1=40422 | 18 RB with RBstart=41 N/A3 N/A3
— SCC2=41 SCC2=20 SCC2=40818
41490 SCC1=41292 | 18 RB with RBstart=82 N/A3 N/A3
SCC2=41094
55290 SCC1=1150 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
Scc1=2 SCC1=10 55990 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_48A-2A5A 48 SCC2=5 10 SCC2=10 SCC2=2450
56690 SCC1=1150 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
55290 SCC1=1150 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
Scc1=2 SCC1=10 55990 SCC1=1150 12 RB with RBstart=19 N/A3 N/A3
CA_48A-2A-13A 48 SCC2=13 10 SCC2=10 SCC2=5230
56690 SCC1=1150 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
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TABLE 5-32

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE

FOR THE PRIMARY MECHANICAL MODE'

Carrier A ti C oy t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
55290 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
SCC1=2 SCC1=10 55990 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_48A-2A-66A 48 SCC2=66 01 scee=10 SCC2-67286
56690 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
55290 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
SCc1=5 SCC1=10 55990 SCC1=2450 12 RB with RBstart=19 N/A3 N/A3
CA_48A-5A-66A 48 SCC2=66 01 scee=10 SCC2-67286
56690 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
55290 SCC1=5230 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
SCC1=13 SCC1=10 55990 SCC1=5230 12 RB with RBstart=19 N/A3 N/A3
CA_48A-13A-66A 48 SCC2=66 10 SCC2=10 SCC2=67286
56690 SCC1=5230 12 RB with RBstart=38 N/A3 N/A3
SCC2=67286
132022 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=1150
P scc1=2 SCC1=10 | 132322 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-2A-2A 66 SCC2=2 10 SCC2=10 SCC2=1150
132622 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=1150
132022 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
PN scc1=2 SCC1=10 | 132322 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-2A-5A 66 SCC2=5 10 SCC2=10 SCC2=2450
132622 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
132022 SCC1=650 12 RB with RBstart=0 N/A® N/A®
SCC2=5035
oA 1ond scc1=2 SCC1=10 | 132322 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-2A-12A 66 SCC2=12 10 SCC2=5 SCC2=5035
132622 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
132022 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
opqand scc1=2 SCC1=10 | 132322 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-2A-13A 66 SCC2=13 10 SCC2=10 SCC2=5230
132622 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C oy t gecondaryt PCC BW SCC BW! PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
132022 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
AARA2 SCC1=2 SCC1=10 | 132322 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-2A-48A 66 SCC2-48 01 scee=10 SCC2=56690
132622 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=650
opLS SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_66C-2A 66 SCC2=2 01 scee=10 SCC2=650
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=650
132022 SCC1=650 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
oAaand scc1=2 SCC1=10 | 132322 SCC1=650 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-2A-66A 66 SCC2=66 10 SCC2=10 SCC2=67286
132622 SCC1=650 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=2425 12 RB with RBstart=0 N/A3 N/A3
SCC2=2625
Y scci1=5 scci1=5 132322 SCC1=2425 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-5A-5A 66 SCC2=5 10 SCC2=5 SCC2=2625
132622 SCC1=2425 12 RB with RBstart=38 N/A3 N/A3
SCC2=2625
132022 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
eaanad scci1=5 SCC1=10 | 132322 SCC1=2450 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-5A-30A 66 SCC2=30 10 SCC2=10 SCC2=9820
132622 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
132022 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
AARA2 SCC1=5 SCC1=10 | 132322 | SCC1=2450 | 12 RB with RBstart=19 N/A3 N/A3
CA_BBA-5A-48A 66 SCC2=48 10 SCC2=10 SCC2=56690
132622 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=2450
A p45 SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6C-5A 66 SCC2=5 10 SCC2=10 SCC2=2450
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=2450
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C oy t gecondaryt PCC BW SCC BW! PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
132022 SCC1=2450 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
A aaad scci1=5 SCC1=10 | 132322 SCC1=2450 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-5A-66A 66 SCC2=66 01 scee=10 SCC2-67286
132622 SCC1=2450 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=9720
onond SCC1=12 scci1=5 132322 SCC1=5035 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-12A-29A 66 SCC2=29 01 scee=10 SCC2-9720
132622 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=9720
132022 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
onaAd SCC1=12 scci1=5 132322 SCC1=5035 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-12A-30A 66 SCC2=30 10 SCC2=10 SCC2=9820
132622 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=5035
opdS SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6C-12A 66 SCC2=12 10 SCC2=5 SCC2=5035
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=5035
132022 SCC1=5035 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
onrAAd SCC1=12 scci1=5 132322 SCC1=5035 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-12A-66A 66 SCC2=66 10 SCC2=10 SCC2=67286
132622 SCC1=5035 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=5230
apd5 SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6C-13A 66 SCC2=13 10 SCC2=10 SCC2=5230
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=5230
132022 SCC1=5230 12 RB with RBstart=0 N/A3 N/A3
SCC2=56690
A ARA2 SCC1=13 SCC1=10 | 132322 | SCC1=5230 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-13A-48A 66 SCC2=48 10 SCC2=10 SCC2=56690
132622 SCC1=5230 12 RB with RBstart=38 N/A3 N/A3
SCC2=56690
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE1
Carrier A ti C oy t gecondaryt PCC BW SCC BW! PCC UL SCC DL
A Combination Ca‘:ﬁ‘eﬁ?gg?:) Car‘r)i:‘rgl’(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
132022 SCC1=5230 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
aaprad SCC1=13 SCC1=10 | 132322 SCC1=5230 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-13A-66A 66 SCC2=66 01 sceo=10 SCC2-67286
132622 SCC1=5230 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=9720 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
oa2Ad SCC1=29 SCC1=10 | 132322 SCC1=9720 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-29A-30A 66 SCC2=30 01 scee=10 SCC2-9820
132622 SCC1=9720 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=9720
opdS SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6C-29A 66 SCC2=29 10 SCC2=10 SCC2=9720
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=9720
132022 SCC1=9720 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
oA RRAS SCC1=29 SCC1=10 | 132322 SCC1=9720 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-29A-66A 66 SCC2=66 10 SCC2=10 SCC2=67286
132622 SCC1=9720 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=9820
2AdS SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6C-30A 66 SCC2=30 10 SCC2=10 SCC2=9820
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=9820
132022 SCC1=9820 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
AOARR AL SCC1=30 SCC1=10 132322 SCC1=9820 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-30A-66A 66 SCC2=66 10 SCC2=10 SCC2=67286
132622 SCC1=9820 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=66828
CA 66D 66 SCC1=66 10 SCC1=20 132322 SCC1=66642 | 12 RB with RBstart=19 N/A3 N/A3
- SCC2=66 SCC2=20 SCC2=66930
132622 SCC1=66942 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=67230
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TABLE 5-32 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP MEASUREMENTS TABLE
FOR THE PRIMARY MECHANICAL MODE'

Carrier A ti C Primary t gecondaryt PCC BW SCC BW: PCC UL SCC DL
A Combination ca?ﬂ‘e'?‘i?c"c) Carﬁ?rg‘)(g%ncw (MHz) (MHz) s Channel Channels PCC UL RB Allocation FAilooation. | Altocations
Band SCC2) Bands
132022 SCC1=66630 12 RB with RBstart=0 N/A3 N/A3
SCC2=67286
ArpB SCC1=66 SCC1=20 132322 SCC1=66930 | 12 RB with RBstart=19 N/A3 N/A3
CA_66C-66A 66 SCC2=66 01 scee=10 SCC2-67286
132622 SCC1=67230 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=66486
132022 SCC1=67086 12 RB with RBstart=0 N/A3 N/A3
SCC2=67230
P SCC1=66 SCC1=10 132322 SCC1=67086 | 12 RB with RBstart=19 N/A3 N/A3
CA_B6A-66C 66 SCC2=66 01 scee=20 SCC2-67230
132622 SCC1=66486 | 12 RB with RBstart=38 N/A3 N/A3
SCC2=66630

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or portrait
slide open, but depends on form factor).

Note 2: This combination creates harmonic, intermodulation, or self-desense interference to one or both of the SCCs. The power level of the SCCs shall be adjusted
as needed to maintain the LTE carrier aggregation connection and error free operation on the SCCs.

Note 3: As per 3GPP TS 36.521-1, Section 6.2.2A (UE Maximum Output Power for CA).

Note 4: If the device supports both CA_4A-xA-yA and CA_66A-xA-yA (where x and y are the band numbers of the SCC's), then testing is only required in
CA_66A-xA-yA. Similarly, if the device supports both CA_xA-4A-yA and CA_xA-66A-yA (where x is the band number of the PCC and y is the band number
of the other SCC), then testing is only required in CA_xA-66A-yA; and if the device supports both CA_xA-yA-4A and CA_xA-yA-66A (where x is the band
number of the PCC and y is the band number of the other SCC), then testing is only required in CA_xA-yA-66A.

Note 5: Since all Band 66-capable devices are required to support both CA_66B and CA_66C per 3GPP TS 36.101, testing of xA-66B and 66B-xA combinations is
not required.

Hand phantom only and/or free-space testing shall be conducted based on device type, as specified in
Appendix O. Refer to Appendix C for hand testing requirements. Perform each test on all specified
frequencies and RB allocations with the EUT antenna extended and retracted, as applicable.

Note: Head-adjacent testing is not required for LTE CA.

Note: EUTs incapable of supporting the aggregated channel BW associated with the CA modes
specified in Table 5-32 do not need to be tested.

5.13.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for 3 downlink LTE carrier aggregation. Reports shall
include results for free-space and hand only configurations (if applicable) across all channels and RB
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allocations measured with the EUT in primary mechanical mode, and (if applicable) in secondary
mechanical modes as reference information.

TABLE 5-33 LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MODE'

Carfer Aggregation | PoviceMeldss | DeviceWdh | Freospace | HLandHR
CA_2A-2A-4A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* All TBD N/A
CA_2A-2A-5A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-2A-12A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* All TBD N/A
CA_2A-2A-13A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-2A-66A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* All TBD N/A
CA_2A-4A-4A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-4A-5A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* All TBD N/A
CA_2A-4A-12A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-4A-13A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* All TBD N/A
CA_2A-5A-30A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-5A-48A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_2A-5A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-12A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-12A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-13A-48A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-13A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-29A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_2A-48A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_2A-66C Yes3 <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_2A-66A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-2A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-2A-5A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_4A-2A-12A Yes3 <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-2A-13A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-4A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-4A-12A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-4A-13A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-5A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_4A-12A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_4A-29A-30A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_5A-2A-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-2A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-2A-30A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA
TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_5A-2A-48A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-2A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-4A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-4A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-5A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-29A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_5A-30A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-48A-66A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_5A-66C Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_5A-66A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_12A-2A-2A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_12A-2A-4A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_12A-2A-30A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_12A-2A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_12A-4A-4A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_12A-4A-30A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_12A-29A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_12A-30A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_12A-66C Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_12A-66A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_13A-2A-2A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_13A-2A-2A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_13A-2A-4A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_13A-2A-48A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_13A-2A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_13A-4A-4A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_13A-48A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_13A-66C Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_13A-66A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_25A-41C Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_30A-2A-5A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-2A-12A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-2A-29A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_30A-4A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-4A-12A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-4A-29A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-5A-29A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-5A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-12A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_30A-29A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_30A-66C Yes3 <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_30A-66A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA 41D Yes3 <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_48A-2A-5A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_48A-2A-13A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_48A-2A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_48A-5A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_48A-13A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-2A-2A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-2A-5A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-2A-12A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-2A-13A Yes? <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_66A-2A-48A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66C-2A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-2A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_66A-5A-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-5A-30A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-5A-48A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66C-5A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-5A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-12A-29A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-12A-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66C-12A Yes® <72 TBD TBD
Yes? >72 TBD TBD
No* Al TBD N/A
CA_66A-12A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
CA_66A-13A-48A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66C-13A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* All TBD N/A
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TABLE 5-33

LTE CARRIER AGGREGATION MODE (3 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TRP CRITERIA

TABLE FOR THE PRIMARY MECHANICAL MoDE'

Carfor Agaregation | DeviceHeldto | DewiceWdh | proospace | HLandHR
CA_66A-13A-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_B66A-29A-30A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66C-29A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_B6A-29A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66C-30A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-30A-66A Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66D Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66C-66A Yes® <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
CA_66A-66C Yes? <72 TBD TBD
Yes® >72 TBD TBD
No* Al TBD N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions
(typically means antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed
differences in OTA performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in LTE mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded
laptop solutions.
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5.14 OTA Testing of Devices Containing Multiple TX Antennas

5.14.1 Devices where the Active TX Antenna Could Change during the Execution of
the Test Cases
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These are devices where the choice of which TX antenna is active is not a function of the use case of the
device. Instead, TX antenna selection is made according to other parameters such as, but not limited to
base station control, user control, Rx signal level or other means that originate external to the device.
Such a device may switch from one TX antenna to another, but requires specific inputs from an external
control source to do so. At this time, devices of this type must measure TRP for each TX antenna
individually and the measured values shall be reported accordingly in the Test Report. Devices
supporting TX switched diversity are in this device category as well.

1. The manufacturer shall provide either:

a. Equipment and/or software which will allow the test lab to control which TX antenna is
used. Or,

b. Otherwise identical test devices which are pre-configured for each TX antenna selection.
2. The device manufacturer shall indicate which frequency bands and air interfaces support TX
antenna switching in Table B-2.

The antenna with better TRP will be used to determine the pass/fail compliance. The better antenna
between the two transmitting antennas is always identified as the primary antenna, and the weaker
antenna is the secondary antenna.
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5.14.2 Devices where the Active TX Antenna Does Not Switch during the Execution
of the Test Cases

These are devices where the choice of which TX antenna is active is a function of the proximity to the
user's hand, head or body, or nearby object and is usually determined by sensors contained within the
device. Such a device will switch from one TX antenna to another based on the inputs it receives from its
own self-contained sensors. The sensors may detect proximity of human tissue (hand, head or body) or
may detect proximity of external objects (tables, seats, etc.). In such a device, it is required that the
choice of TX antenna of the device remains the same during the TRP test. Below are listed the basic
requirements and conditions for two testing mode options, autonomous and non-autonomous defined for
FS, BHHL, BHHR, HR, and HL test cases.

1. Autonomous Mode
a. If the manufacturer chooses, the device is allowed to operate in a fully autonomous mode
where it actively chooses the TX antenna depending on the test case during the TRP
test.
2. Non-Autonomous Mode

a. The device manufacturer shall supply a “truth table” that clearly identifies which TX
antenna will be used for all of the test cases (FS, BHHL, BHHR, HL, HR).

b. In addition, the manufacturer shall provide either:

i. Equipment and/or software which will allow the test lab to control which TX antenna is
used for each test case, per the truth table. Or,

ii. Otherwise identical test devices which are pre-configured for the TX antenna selections
per the truth table.

C. The device is allowed to change the TX antenna that it uses at different RF frequencies
within the same band, or when different TX power levels are chosen, or when a different
air interface is chosen, or other manufacturer declared conditions, as long as this is
clearly indicated in the truth table.

5.15 LTE Category M1

5.15.1 Test Procedure
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The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

Note: See Appendix D for power measurement considerations.

The LTE system simulator and EUT shall be configured per 3GPP TS 36.521-1, Section 6.2.2EA (UE
Maximum Output Power for UE Category M1) using the default settings specified in 3GPP TS 36.521-1
and 3GPP TS 36.508 as applicable and using the uplink reference measurement channels defined in
Tables A.2.2.2.1-1b and A.2.3.2.1-1b of 3GPP TS 36.521-1 and Table 5-34. The test procedure in section
6.2.2EA of 3GPP TS 36.521-1 shall be used to measure the UE output power.

Tests shall be carried out for different frequency pairs (FDD, HD-FDD; UL -uplink /DL -downlink) or
frequencies (TDD) and RB allocations across the bands supported by the EUT, as defined in Table 5-34.
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TABLE 5-34 LTE Category M1 TRP Measurements Table for the Primary Mechanical Mode'
Channel Power Class 3 Power Class 5 OLRE
Band Bandwidth Channel Frequency ] Frequency ] Allocation
(MHz) (MHz) UL RB Allocation (MHz) UL RB Allocation

10 18650 1851.04 4 RB with RBstart=1 1851.13 5 RB with RBstart=1 N/A 3

2 10 18900 1880.36 4 RB with RBstart=25 1880.45 5 RB with RBstart=25 N/A 3
10 19150 1908.96 4 RB with RBstart=45 1908.87 5 RB with RBstart=44 N/A 3

10 20000 1711.04 4 RB with RBstart=1 1711.13 5 RB with RBstart=1 N/A 3

4 10 20175 1732.86 4 RB with RBstart=25 1732.95 5 RB with RBstart=25 N/A 3
10 20350 1753.96 4 RB with RBstart=45 1753.87 5 RB with RBstart=44 N/A 3

10 20450 825.04 4 RB with RBstart=1 825.13 5 RB with RBstart=1 N/A 3

52 10 20525 836.86 4 RB with RBstart=25 836.95 5 RB with RBstart=25 N/A 3
10 20600 847.96 4 RB with RBstart=45 847.87 5 RB with RBstart=44 N/A 3

20 20850 2501.9 6 RB with RBstart=2 2501.9 6 RB with RBstart=2 N/A 3

7 20 21100 2535.54 6 RB with RBstart=50 2535.54 6 RB with RBstart=50 N/A 3
20 21350 2568.1 6 RB with RBstart=92 2568.1 6 RB with RBstart=92 N/A 3

5 23035 699.34 1 RB with RBstart=0 699.52 3 RB with RBstart=0 N/A 3

12 5 23095 707.68 1 RB with RBstart=13 707.86 3 RB with RBstart=13 N/A 3
5 23155 715.66 1 RB with RBstart=24 715.48 3 RB with RBstart=22 N/A 3

10 23230 778.04 4 RB with RBstart=1 778.13 5 RB with RBstart=1 N/A 3

13 10 23230 782.36 4 RB with RBstart=25 782.45 5 RB with RBstart=25 N/A 3
10 23230 785.96 4 RB with RBstart=45 785.87 5 RB with RBstart=44 N/A 3

5 26715 814.34 1 RB with RBstart=0 814.52 3 RB with RBstart=0 N/A 3

26 2 5 26865 831.68 1 RB with RBstart=13 831.86 3 RB with RBstart=13 N/A 3
5 27015 848.66 1 RB with RBstart=24 848.48 3 RB with RBstart=22 N/A 3

20 39750 2497.9 6 RB with RBstart=2 2497.9 6 RB with RBstart=2 N/A 3

41 20 40620 2593.54 6 RB with RBstart=50 2593.54 6 RB with RBstart=50 N/A 3
20 41490 2688.1 6 RB with RBstart=92 2688.1 6 RB with RBstart=92 N/A 3

10 133172 664.04 4 RB with RBstart=1 664.13 5 RB with RBstart=1 N/A 3

71 10 133297 680.86 4 RB with RBstart=25 680.95 5 RB with RBstart=25 N/A 3
10 133422 696.96 4 RB with RBstart=45 696.87 5 RB with RBstart=44 N/A 3

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: If the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26.
Note 3: As per 3GPP TS 36.521-1, Section 6.2.2EA (UE Maximum Output Power for UE Category M1).

155

Forearm and/or free-space testing shall be conducted based on device type, as specified in Appendix O.
Refer to Appendix Q for forearm testing requirements. Perform each test on all specified frequencies and

RB allocations with the EUT antenna extended and retracted, as applicable.
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5.15.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Pass/fail criteria for LTE Category M1 is for future study, and different pass/fail criteria may be developed
for different device types/use cases. Reports shall include results for applicable use cases, including
free-space and/or wrist-worn configurations across all channels and RB allocations measured with the
EUT in primary mechanical mode, and (if applicable) in non-primary mechanical modes as reference

information.
TABLE 5-35 LTE CAT-M1 MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
Mobk’
Band DS LI G Power Class FS WL and WR
Wrist?

LTE Band 71 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 12 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 13 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 26 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 5 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 2 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 4 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A
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TABLE 5-35 LTE CAT-M1 MINIMUM TRP LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
MopE'
Band Device Worn on Power Class FS WL and WR

Wrist?

LTE Band 7 Yes 3 N/A TBD

5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 41 Yes 3 N/A TBD

5 N/A TBD

No 3 TBD N/A

5 TBD N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions
(typically means antenna extended, fold or portrait slide open, but depends on form factor).

5.16

LTE Category NB1 (NB-IoT)

5.16.1 Test Procedure
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The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

Note: See Appendix D for power measurement considerations.

The LTE system simulator and EUT shall be configured per 3GPP TS 36.521-1, Section 6.2.2F (UE
Maximum Output Power for UE Category NB1) using the default settings specified in 3GPP TS 36.521-1
and 3GPP TS 36.508 as applicable and using the uplink reference measurement channels defined in
Annex A.2.4 of 3GPP TS 36.521-1 and Table 5-36. The test procedure in section 6.2.2F of 3GPP TS
36.521-1 shall be used to measure the UE output power. TRP measurements shall be executed using
the Category NB1 Stand-Alone (SA) mode, using the test channel configuration described in Table 5-36.

Note: as opposed to LTE, the frequency difference between the test channel (i.e., F ;) and the actual
center frequency for the subcarrier allocation is very small (<100kHz). Therefore, power measurements
shall be done on Fy; .
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TABLE 5-36 LTE CATEGORY NB1 TRP MEASUREMENTS TABLE FOR STAND-ALONE (SA) OPERATION USING 1/4 QPSK (15
KHZz SUB-CARRIER SPACING) IN THE PRIMARY MECHANICAL Mobe"
NB1 UL UL Offset to Frequency ) ; ) ) i )
EARFCN NB1 of NB1 UL Uplink Configuration Downlink Configuration
Band Range EARFCN EARFCN
Ny My, Fy. (MHz) Modulation Ntones Modulation Subcarriers

22 Low 18601 0 1850.10 /4 QPSK 1@0 N/A3 N/A3
22 High 19199 0 1909.90 /4 QPSK 1@11 N/AS N/A3
4* Low 19951 0 1710.10 /4 QPSK 1@0 N/A3 N/A3
4* High 20399 0 1754.90 /4 QPSK 1@11 N/AS N/A3
59 Low 20401 0 824.10 /4 QPSK 1@0 N/A3 N/A3
5% High 20649 0 848.90 /4 QPSK 1@11 N/A3 N/A3
128 Low 23011 0 699.10 /4 QPSK 1@0 N/A3 N/A3
128 High 23179 0 715.90 /4 QPSK 1@11 N/A3 N/A3
13 Low 23181 0 777.10 /4 QPSK 1@0 N/A3 N/A3
13 High 23279 0 786.90 /4 QPSK 1@11 N/AS N/A3
14 Low 23281 0 788.10 /4 QPSK 1@0 N/A3 N/A3
14 High 23379 0 797.90 /4 QPSK 1@11 N/AS N/A3
176 Low 23731 0 704.10 /4 QPSK 1@0 N/A3 N/A3
176 High 23849 0 715.90 /4 QPSK 1@11 N/A3 N/A3
252 Low 26041 0 1850.10 /4 QPSK 1@0 N/A3 N/A3
252 High 26689 0 1914.90 /4 QPSK 1@11 N/A3 N/A3
26° Low 26691 0 814.10 /4 QPSK 1@0 N/A3 N/A3
26° High 27039 0 848.90 /4 QPSK 1@11 N/AS N/A3
66% Low 131973 0 1710.10 /4 QPSK 1@0 N/A3 N/A3
66* High 132671 0 1779.90 /4 QPSK 1@11 N/AS N/A3
71 Low 133123 0 663.10 /4 QPSK 1@0 N/A3 N/A3
71 High 133471 0 697.90 /4 QPSK 1@11 N/AS N/AS

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna
extended, fold or portrait slide open, but depends on form factor).

Note 2: If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25.
Note 3: As per 3GPP TS 36.521-1, Section 6.2.2F (UE Maximum Output Power for category NB1 and NB2).
Note 4: If the device supports Band 4 and Band 66, then testing is only required to be completed in Band 66.
Note 5: If the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26.
Note 6: If the device supports Band 12 and Band 17, then testing is only required to be completed in Band 12.
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5.16.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for LTE Category NB1.

Pass/fail criteria for LTE Category NB1 is for future study, and different pass/fail criteria may be
developed for different device types/use cases. Reports shall include results for applicable use cases,
including free-space and/or wrist-worn configurations across all relevant channels measured with the
EUT in primary mechanical mode, and (if applicable) in non-primary mechanical modes as reference
information.

TABLE 5-37 LTE CATEGORY NB1 TRP LEVEL (DBM) FOR STAND-ALONE (SA) OPERATION USING 11/4
QPSK (15 KHz SUB-CARRIER SPACING) IN THE PRIMARY MECHANICAL Mope'

Band Deviee Worn on Power Class FS WL and WR

LTE Band 71 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 12 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 13 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 14 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 17 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 26 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A
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TABLE 5-37 LTE CATEGORY NB1 TRP LEVEL (DBM) FOR STAND-ALONE (SA) OPERATION USING T11/4
QPSK (15 KHz SUB-CARRIER SPACING) IN THE PRIMARY MECHANICAL MODE'

Band Device Worn on Power Class FS WL and WR

LTE Band 5 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 25 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 2 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 4 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

LTE Band 66 Yes 3 N/A TBD
5 N/A TBD

No 3 TBD N/A

5 TBD N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions

(typically means antenna extended, fold or portrait slide open, but depends on form factor).
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5.17 New Radio (NR) Frequency Range 1 (FR1) (Informative)

5.17.1 Test Procedure

The measurement site and EUT shall be configured as specified in Appendix A. The power radiated by
the EUT shall be measured using a calibrated and accurate RF measuring instrument (e.g., a spectrum
analyzer, or measurement receiver, or power meter).

Note: See Appendix D for power measurement considerations.

The NR system simulator and EUT shall be configured per 3GPP TS 38.521-1, Section 6.2 (Transmitter
Power) using the default settings specified in 3GPP TS 38.521-1 and 3GPP TS 38.508-1 as applicable.
The test procedure in Section 6.2.1 (UE Maximum Output Power) of 3GPP TS 38.521-1 shall be used to
measure the UE output power.

Tests shall be carried out for different frequency pairs (FDD; UL -uplink /DL -downlink) or frequencies
(TDD) and RB allocations across the bands supported by the EUT, as defined in Table 5-38.

TABLE 5-38 NR FR1 TRP MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL

Mobk’

SR , uL Gantor UL RB DL

Band Ba("nﬁﬁvz';jth SCS (kHz) UL Modulation Channel | Frequency | Allocation | Configuration

[MHz]

371000 1855 25@12 N/A
n2 10 15 DFT&;(S);DM 376000 1880 25@12 N/A
381000 1905 25@12 N/A
165800 829 25@12 N/A
n5 10 15 DFTéSF;gEDM 167300 836.5 25@12 N/A
168800 844 25@12 N/A
509202 2546.01 135@67 N/A
n41 100 30 DFT&T:;(S);DM 518598 2592.99 135@67 N/A
528000 2640 135@67 N/A
343000 1715 25@12 N/A
10 15 DFTéSF;gEDM 349000 1745 25@12 N/A
355000 1775 25@12 N/A
344000 1720 50@25 N/A
n66 20 15 DFT&T:;(S);DM 349000 1745 50@25 N/A
354000 1770 50@25 N/A
346000 1730 108@54 N/A
40 15 DFTéSP-gEDM 349000 1745 108@54 N/A
352000 1760 108@54 N/A
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TABLE 5-38 NR FR1 TRP MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL

Mopk’
Channel Carrier
Band Ba(nl\mvzi;ith SCS (kHz) UL Modulation Chgrli-nel Frggstt:\rcy AI:JoLcaI:tE)n ConfingIJ-ration
[MHZz]
5 339500 1697.5 12@6 N/A
n70 15 15 DFT;F;(S);DM 340500 1702.5 36@18 N/A
5 341500 1707.5 12@6 N/A
133600 668 25@12 N/A
n71 10 15 DFT;;;EDM 136100 680.5 25@12 N/A
138600 693 25@12 N/A
622000 3330 81@40 N/A
60 30 DFT;F;(S);DM 636666 3549.99 81@40 N/A
78 651332 3769.98 81@40 N/A
623334 3350.01 135@67 N/A
100 30 DFT;;;)}EDM 636666 3549.99 135@67 N/A
650000 3750 135@67 N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).

Head and hand phantom, hand phantom only and/or free-space testing shall be conducted based on
device type, as specified in Appendix O. Refer to Appendix C for head/hand testing requirements.
Perform each test on all specified frequencies and RB allocations with the EUT antenna extended and
retracted, as applicable.

Note: Head-adjacent testing is only required for NR if the EUT supports usage against the head while
utilizing an NR airlink (e.g., VolP).

5.17.2 Criteria

Pass/fail criteria for NR FR1 is for future study, and different pass/fail criteria may be developed for
different device types/use cases.
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Section 6 Test Procedure—Receiver Performance

163

Products supporting multiple air-interface technologies shall be tested in accordance with all relevant test
procedures. Test results will be provided for each test performed in the format defined in Appendix B.

Receiver Sensitivity procedures will utilize the same spherical measurement procedure as specified for
the Transmitter power measurements in Section 5 with the exception of angular step size. Receiver
Performance measurements may be made simultaneously with tests performed in Section 5. For
measurements not made in conjunction, test setups and frequencies designated CHn-Rx and given in
the tables within Section 5 should be used.

Total Isotropic Sensitivity (TIS) shall be fully measured as described above and calculated pursuant to
Appendix B.3 for the channel(s) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan. All of the remaining intermediate channels must each be
evaluated for relative sensitivity or fully measured TIS. In the case of fully measured TIS, the same limit
as that channel's reference channel shall be applied with a 3 dB margin as per the intermediate channel
test procedure. Regardless of test method, intermediate channel results shall be reported as PASS/FAIL
per Appendix B.1, Table B-21. The intermediate channel test is to be done by comparison of the fully
measured channel(s) with the intermediate channels measured. Since some digital technologies have a
very large number of intermediate channels, some channels may be omitted from actual testing. The
combination of intermediate channels that must be evaluated will be specific to each different air
interface. In the case of GNSS testing, the intermediate channels are utilized to determine if the wireless
operation of the EUT interferes with the GNSS sensitivity performance of the EUT. Refer to Appendix E
for details on TIS. Refer to Appendix K for details on the intermediate channels to be tested for each air
interface.

For all air interfaces and devices, TIS shall be measured with all receivers active. This measurement
method and result is referred to as Combined Total Isotropic Sensitivity, or C-TIS. The C-TIS test is
agnostic to whether the device under test actually has only one or multiple receivers; all that matters is
that the receivers are all active during the test. The performance metrics (pass/fail criteria) are given in
terms of C-TIS for all device types. Different categories of devices, having differing performance
expectations based on e.g., number of receivers, may be defined, each having its own appropriate
pass/fail criteria expressed in terms of C-TIS.

To accommodate the possibility that special cases may arise where an operator or manufacturer may
want to measure a device with multiple receivers with measuring one receiver at a time (other receivers
disabled), individually measured TIS, referred to as I-TIS, may be reported as supplemental information.
I-TIS results can be mathematically combined to produce an estimated C-TIS value for a device,
following the equation shown below.

EQUATION 6.1

1 1 1

+
TIS. TIS, TIS,

This approach shall not be used for certification purposes.

As required in Appendix O, units shall be tested in free-space, with head and hand phantom, and/or with
hand phantom only as described in Appendix C, for the full TIS test. The intermediate channel tests will
be limited to the right side head and hand phantom (BHHR) and free space test configurations, as
applicable from Appendix O, for cellular technologies. Intermediate Channel Degradation testing for
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GNSS shall be tested in the right side head and hand phantom and right hand phantom only
configurations as described in Appendix C. A base station simulator appropriate for the air-interface is
required for these tests and will be used to report the digital error rate found by the EUT. The EUT will be
placed in an active call on the specified test channel(s), and in the specified test conditions. The RF
power level of the base station simulator will then be adjusted to achieve the desired digital error rate at
each measured location on the sphere. The digital error rate from the EUT will be extracted from the
base station simulator or directly from the EUT, where applicable. In general, a sufficient number of bits,
packets or frames will be sampled such that the confidence interval in digital error rate is 95% or better.

Since the process of measuring effective radiated receiver sensitivity is typically less accurate than
measuring transmitter radiated power, this test specification allows for a relaxation in the spatial
separation to 30 degrees in the theta (6) and in the phi () axis for TISZ; as noted in Section 2.2.

Please note the following abbreviations in this section:

FS = Free Space

BH = Beside Head (Head Phantom Only)

BHL = Beside Head Left Side (Head Phantom Only)

BHR = Beside Head Right Side (Head Phantom Only)

HL = Hand Left (Hand Phantom Only)

HR = Hand Right (Hand Phantom Only)

BHHL = Beside Head and Hand Left Side (Head and Hand Phantom)
BHHR = Beside Head and Hand Right Side (Head and Hand Phantom)
WL = Wrist-Worn Left (Forearm Phantom)

WR = Wrist-Worn Right (Forearm Phantom)

6.1 AMPS

This section removed for V3.1.
6.2 CDMA
6.2.1 Test Procedure

Receiver Sensitivity measurements shall be performed using the Base Station Simulator to determine the
EUT's receiver sensitivity by reporting the minimum forward-link power resulting in a Frame Error Rate
(FER) of 0.5% or less with 95% confidence. Refer to Appendix A for set-up illustrations.

2. The goal of the receiver test is to find TIS with an minimum measurement uncertainty of no more than the values specified in Table 7-8 with a
confidence of 95%. The use of a 30-degree sampling increment has been shown to contribute on the order of +0.5 dB or less to this error in TIS for
the Cellular and PCS bands, and is therefore acceptable. 30-degree sampling is not considered acceptable for accurately capturing peak field
quantities at these frequencies (only integrated quantities like TIS), but that is not what is required for this test. Future extension of this test plan to
higher frequencies would require revisiting this sampling issue at those frequencies.

164
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The set-up parameters defined in Section 5.2 shall be used with the following exceptions:

. Forward-Link Power: As needed to maintain 0% FER
. Power Control: Closed Loop

. All other parameters shall be set according to TIA-98-E paragraph 3.5.1 for the Receiver
Sensitivity test and to the defaults specified in TIA-98-E paragraph 6.5.2.

Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain a call.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Page the EUT and direct it to one of the reference test channels. With a digital voice/traffic channel
established, invoke an FER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in an FER of
0.5% or less with 95% confidence at each measured location on the sphere. The algorithms/methods
used to arrive at these results can be optimized for speed by finding alternate points on the FER curve as
long as the data is eventually normalized to a data set equivalent to 0.5% or less at each data point.
Alternative points on the FER curve greater than 2% shall not be used. The normalization value shall be
determined in the same test configuration used to make the other FER measurements (i.e. over-the-air,
CDMA set-up parameters, etc.) and shall be derived from an actual sensitivity measurement of 0.5%
FER or less with 95% confidence and not an interpolation. In either case, the appropriate contribution to
the measurement uncertainty shall be included. Refer to Section 6.15.1 for details on this procedure and
Section 7.4 for details on this measurement uncertainty. The number of frames observed shall be
consistent with a 95% confidence level but may be limited to 500 frames maximum at 2% FER and to
2000 frames maximum at 0.5% FER. For FER's in between these two points, the maximum number of
frames shall be scaled proportionally. The forward-link power step size shall be no more than 0.5 dB
when the RF power level is near the CDMA sensitivity level. The Power Control setting shall be changed
to Always Up when the final sensitivity measurement is made for each test point. The Forward-Link
Power and the Power Control settings should be set back to defaults prior to tuning to the next test point.
The minimum RF power level resulting in an FER of 0.5% or less for each EUT test condition shall be
recorded for integration pursuant to Appendix B.3 to give a single figure of merit referred to as Total
Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the three
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS shall be repeated per channel on a specified list
of intermediate channels as shown in Appendix K.1. The separation between channels is no greater than
500 kHz, and the intermediate channels are based on the frequency of the center channel.
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When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS limit or 2) the TIS result at either of the neighboring reference
channels plus 1 dB. The full TIS results at the intermediate channels may be included as additional data
and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer to Figure 6-1):

1.

Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak jow)- Next,
determine the margin, M1,,, in dB, between the EUT's measured TIS and the corresponding
TIS limit in Table 6-1. If the device doesn't meet the required TIS limit, then set M1,4,,=0.
Adjust the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.1

Downlink Signal Power 1y, (dBm) = FS EIS 51 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's FS EIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS was -104 dBm, and the FS TIS
limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 ,,,, M1 ,,i4, and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the FER using the required number of frames as
described above. The measured FER must not exceed 0.5%.

Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.1 in step 2.

Report the free-space pass/fail status of each intermediate channel listed in Appendix K.1 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:
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EQUATION 6.2

BHHR TIS Pass/Fail limit |, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS 1, (dBm) - EUT FS TIS |, ,(dBm))

10.

1.

12.

13.

14.

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS on the low-frequency reference channel is
-104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit |, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |y, BHHR TIS Pass/Fail limit ;4 and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS g4k 10w)- Since
the BHHR TIS Pass/Fail limit |y, is directly derived from the FS limit and the TIS difference,
see Equation 6.2, the same margin M1 ,,,, is to be used. Adjust the digital call simulator to the
RF power level calculated by the following formula:

EQUATION 6.3

Downlink Signal Power 1y, (dBm) = BHHR EIS ey 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the FER using the required number of frames as
described above. The measured FER must not exceed 0.5%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.3 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.1. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes, if applicable, for the purpose of performing the intermediate
channel desense test.
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6.2.2

Figure 6-1 is an illustration of relative sensitivity on intermediate channels test. The green lines indicate
a pass-fail test performed (margin + 3) dB above the corresponding EIS level of the nearest channel for
which a full TIS measurement was performed.

FIGURE 6-1 ILLUSTRATION OF RELATIVE SENSITIVITY ON INTERMEDIATE CHANNELS TEST
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For the full TIS test, head/hand and/or free-space testing shall be conducted based on device type, as
specified in Appendix O. For the intermediate channel tests, head and hand phantom and free-space
test configurations shall be conducted based on device type, as specified in Appendix O. Refer to
Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the
EUT antenna extended and retracted, as applicable.

Criteria

168

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for CDMA. Reports shall include results for free-space
and simulated-use configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted.

Relative sensitivity on intermediate channels test results shall be provided in a file format equivalent to
that specified in Appendix B.1

CTIA
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TABLE 6-1 CDMA MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
MopE'
Device Held Up Device Width BHHL and
Band to Head for Antenna Type 2 FS HL and HR
Voice (Yes/No) (mm) BHHR
<72 -101 TBD TBD
Embedded
3 >72 -101 TBD TBD
Yes
CDMA 800 Stub or <72 -101 TBD TBD
Retractable >72 -101 TBD TBD
No?* All All -101 N/A N/A
<72 -101 TBD TBD
Embedded
3 >72 -101 TBD TBD
Yes
CDMA 1900 Stub or <72 -101 TBD TBD
Retractable >72 -101 TBD TBD
No* All All -101 N/A N/A
<72 -101 TBD TBD
Embedded
3 >72 -101 TBD TBD
Yes
CDMA 2100/1700 Stub or <72 -101 TBD TBD
Retractable >72 -101 TBD TBD
No?* All All -101 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop solutions.

6.3 TDMA

This section removed for V3.1.
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GSM

6.4.1

Test Procedure
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Receiver Sensitivity measurements shall be performed using the Base Station Simulator to determine the
EUT's receiver sensitivity by reporting the minimum forward-link power resulting in a Class Il Residual Bit
Error Rate (RBER) of 2.44% or less with 95% confidence. Refer to Appendix A for set-up illustrations.

The set-up parameters defined in Section 5.4 shall be used with the following exceptions:
a. Forward-Link Power: As needed to maintain 0% RBER

b. Power Control Level (PCL) adjusted high enough to ensure that there are no
communication errors introduced on the reverse channel. The EUT does not need to be
set to maximum power at the initiation of the sensitivity search.

c.  The base station simulator shall configure the EUT for loopback mode. Refer to 3GPP TS
05.05 and 3GPP TS 51.010-1 for procedures and criteria for the setup of loopback mode.

Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain a call.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Page the EUT and direct it to one of the reference test channels. With a digital voice/traffic channel
established, invoke an RBER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in a Class Il
RBER of 2.44% or less with 95% confidence at each measured location on the sphere. The
algorithms/methods used to arrive at these results can be optimized for speed by finding alternate points
on the BER curve as long as the data is eventually normalized to a value equivalent to 2.44% or less at
each data point. The normalization value shall be determined in the same test configuration used to
make the other BER measurements (i.e. over-the-air, GSM set-up parameters, etc.) and shall be derived
from an actual sensitivity measurement of 2.44% BER or less with 95% confidence and not based on an
interpolation. In either case, the appropriate contribution to the measurement uncertainty shall be
included. Refer to Section 6.15.1 for details on this procedure and Section 7.4 for details on this
measurement uncertainty. The number of frames observed shall be consistent with a 95% confidence
level but may be limited to 135 frames maximum. The forward power step size shall be no more than 0.5
dB when the RF power level is near the target sensitivity level. The Power Control Level setting shall be
changed to maximum power when the final sensitivity measurement is made for each test point, as well
as when any BER reference curve is generated. The Forward Link Power and the Power Control Level
settings should be set back to defaults prior to tuning to the next test point. The minimum RF power level
resulting in a Class || RBER of 2.44% or less for each EUT test condition shall be recorded for integration
pursuant to Appendix B.3 to give a single figure of merit referred to as Total Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
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level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the 3
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS will be repeated per channel on all channels.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS recommended limit or 2) the TIS result at either of the
neighboring reference channels plus 1 dB. The full TIS results at the intermediate channels may be
included as additional data and marked as supplemental in the test report.

1.

Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak jow). Next,
determine the margin, M1,,, in dB, between the EUT's measured TIS and the corresponding
TIS limit in Table 6-2. If the device doesn't meet the required TIS limit, then set M1y, =0.
Adjust the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.4

Downlink Signal Power j,,, (dBm) = FS EISpc.i 1ow) (dBm) + M1 44, (dB) +3 (dB)

For example, if the EUT's FS EIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |,,, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 |, M1 1,4, @and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the Class || RBER using the required number of
frames as described above. The measured RBER must not exceed 2.44%.

Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.4 in step 2.

Report the free-space pass/fail status of each intermediate channel listed in Appendix K.2 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
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measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.5

BHHR TIS Pass/Fail limit o, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS 1, (dBm) - EUT FS TIS ,,, (dBm))

10.

1.

12.

13.

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS |,,, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit |, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |, BHHR TIS Pass/Fail limit ;4 and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS g5k 1ow)- Since
the BHHR TIS Pass/Fail limit |,,, is directly derived from the FS limit and the TIS difference,
see Equation 6.5, the same margin M1 |,,, is to be used. Adjust the digital call simulator to the
RF power level calculated by the following formula:

EQUATION 6.6

Downlink Signal Power |5, (dBm) = BHHR EIS ;¢ 1ow) (dBm) + M1 4y, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the Class || RBER using the required number of
frames as described above. The measured RBER must not exceed 2.44%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.6 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.2. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.
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6.4.2

14. The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes for the purpose of performing the intermediate channel
desense test.

For the full TIS test, head/hand and/or free-space testing shall be conducted based on device type, as
specified in Appendix O. For the intermediate channel tests, head and hand phantom and free-space
test configurations shall be conducted based on device type, as specified in Appendix O. Refer to
Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the
EUT antenna extended and retracted, as applicable.

Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for GSM. Reports shall include results for free-space and
head/hand configurations (if applicable) across all channels measured with the EUT antenna extended
and retracted.

The limits in Table 6-2 are recommended. However, they shall be used to determine the mandatory
pass/fail limits for the intermediate channel desense tests.

Relative sensitivity on intermediate channels test results shall be provided in a file format specified in
Appendix B.1. The reported RF level that produces a 2.44% RBER for each channel shall be less than
the level determined in Section 6.4.1.

TABLE 6-2 GSM MAXIMUM C-TIS LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY
MECHANICAL MoDE'
Device Held U q . .
Band V;?c: ?$ gsf,?‘lr:; Dewgﬁl Is’gwer Dev(lﬁlemv)\gdth Fs BI-!BI;I-II;IaRnd HL and HR®

<72 -99 TBD N/A
2 >72 -99 TBD N/A
<72 -99 TBD N/A
Vest ’ >72 -99 TBD N/A
4 <72 -99 TBD N/A
GSM 850 >72 -99 TBD N/A
5 <72 -99 TBD N/A
>72 -99 TBD N/A
2 All -99 N/A N/A
5 3 All -99 N/A N/A

No
4 All -99 N/A N/A
5 All -99 N/A N/A
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TABLE 6-2 GSM MAXIMuM C-TIS LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY
MECHANICAL MoDE"
DeviceHeldUp | poyice power | Device Width BHHL and
Band to Head for 2 FS HL and HR3
Voice (Yes/No) Class (mm) BHHR
1 <72 -101.5 TBD N/A
>72 -101.5 TBD N/A
4 <72 -101.5 TBD N/A
Yes 2
>72 -101.5 TBD N/A
GSM 1900 3 <72 -101.5 TBD N/A
>72 -101.5 TBD N/A
1 All -101.5 N/A N/A
No® 2 Al -101.5 N/A N/A
3 All -101.5 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.

Note 3: GSM HL and HR tests are optional and are currently not a requirement of this Test Plan, but may be used for single
and multiple offset point reference tests including GPRS/EGPRS.

Note 4: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 5: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.

6.5 GPRS

6.5.1 Test Procedure

GPRS Receiver Sensitivity measurements shall be performed using a GPRS-capable Base Station
Simulator to determine the EUT's receiver sensitivity by reporting the minimum forward-link power
resulting in a Block Error Rate (BLER) of 10% or less. Refer to Appendix A for set-up illustrations.

The set-up parameters defined in Section 5.5 shall be used with the following exceptions:

a. Forward-Link Power: As needed to maintain 0% BLER at CS-1.

b. Power Control Level (PCL)/Gamma adjusted to ensure that there are no communication
errors introduced on the reverse channel. The EUT does not need to be set to maximum
power at the initiation of the sensitivity search.

c. The GPRS base station simulator shall configure the EUT for GPRS data loopback mode.
Refer to 3GPP TS 05.05 and 3GPP TS 51.010-1 for procedures and criteria for the setup
of loopback mode.

d. The GPRS base station simulator shall be configured to transmit with the maximum
number of downlink slots supported by the EUT.
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Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain an active data loopback session.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Invoke a GPRS loopback session between the EUT and the GPRS base station simulator on one of the
reference test channels. Verify that the GPRS base station simulator is utilizing CS-1 coding on the
downlink. With an active data loopback session established, invoke a BLER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in a BLER of
10% or less with 95% confidence but may be limited to 2000 received blocks maximum at each
measured location on the sphere. If the alternate/normalization method is not used, the number of blocks
may be limited to 200 at each measured location on the sphere. The algorithms/methods used to arrive
at these results can be optimized for speed by finding alternate points on the BLER curve as long as the
data is eventually normalized to a value equivalent to 10% or less at each data point. The normalization
value shall be determined in the same test configuration used to make the other BLER measurements
(i.e. over-the-air, GSM set-up parameters, etc.) and shall be derived from an actual sensitivity
measurement of 10% BLER or less with 95% confidence but may be limited to 2000 received blocks
maximum and not based on an interpolation. In either case, the appropriate contribution to the
measurement uncertainty shall be included. Refer to Section 6.15.1 for details on this procedure and
Section 7.4 for details on this measurement uncertainty. The forward power step size shall be no more
than 0.5 dB when the RF power level is near the target sensitivity level. The Power Control Level/Gamma
setting shall be changed to maximum power when the final sensitivity measurement is made for each
test point, as well as when any BLER reference curve is generated.

The Forward Link Power, the Power Control Level/Gamma settings should be set back to defaults prior to
tuning to the next test point. The minimum RF power level resulting in a BLER of 10% or less for each
EUT test condition shall be recorded for integration pursuant to Appendix B.3 to give a single figure of
merit referred to as Total Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the 3
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS will be repeated per channel on all channels.
Reference channel and intermediate channel measurements shall be actual sensitivity measurements of
10% BLER or less with 95% confidence but may be limited to 2000 received blocks maximum.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS recommended limit or 2) the TIS result at either of the
neighboring reference channels plus 1 dB. The full TIS results at the intermediate channels may be
included as additional data and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer to Figure 6-1):
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Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak jow)- Next,
determine the margin, M1, in dB, between the EUT's measured TIS and the corresponding
TIS limit in Table 6-3. If the device doesn't meet the required TIS limit, then set M1,,,=0.
Adjust the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.7

Downlink Signal Power 4, (dBm) = FS EIS ¢,y 1ow) (dBm) + M1 44, (dB) +3 (dB)

For example, if the EUT's FS ElIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |,,, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 |, M1 .,;4, and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

Using the GPRS base station simulator, measure the downlink BLER using the required
number of blocks as described above. The measured BLER must not exceed 10%.

Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.7 in step 2.

Report the free-space pass/fail status of each intermediate channel listed in Appendix K.2 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.8

BHHR TIS Pass/Fail limit |, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS ,,,, (dBm) - EUT FS TIS |, (dBm))

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS |,,, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm
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10.

1.

12.

13.

14.

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit o, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |, BHHR TIS Pass/Fail limit ;4 and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS g5k 1ow)- Since
the BHHR TIS Pass/Fail limit |, is directly derived from the FS limit and the TIS difference,
see Equation 6.8, the same margin M1 |,,, is to be used. Adjust the digital call simulator to the
RF power level calculated by the following formula:

EQUATION 6.9

Downlink Signal Power |4y, (dBm) = BHHR EIS ;41 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the GPRS base station simulator, measure the downlink BLER using the required
number of blocks as described above. The measured BLER must not exceed 10%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.9 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.2. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes for the purpose of performing the intermediate channel
desense test.

For the full TIS test, head/hand and/or free-space testing shall be conducted based on device type, as
specified in Appendix O. For the intermediate channel tests, head and hand phantom and free-space
test configurations shall be conducted based on device type, as specified in Appendix O. Refer to
Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the
EUT antenna extended and retracted, as applicable.

Note: Head-adjacent testing is only required for GPRS if the EUT supports usage against the head in
this mode (e.g., VoIP).
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6.5.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for GPRS. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted.

The limits in Table 6-3 are recommended. However, they shall be used to determine the mandatory
pass/fail limits for the intermediate channel desense tests.

Relative sensitivity on intermediate channels test results shall be provided in a file format specified in
Appendix B.1. The reported RF level that produces a 10% BLER for each channel shall be less than the
level determined in Section 6.5.1.

TABLE 6-3 GPRS MaAxiMuM C-TIS LEVEL (IN bDBM) RECOMMENDED LIMITS FOR THE PRIMARY
MECHANICAL MoDE'
Device Held Up Device BHHL
Band to Head for Device Power Class Width FS and HL and HR
Voice (Yes/No) (mm)? BHHR
2 <72 -99 TBD TBD
2 >72 -99 TBD TBD
3 <72 -99 TBD TBD
3 3 >72 -99 TBD TBD
Yes
4 <72 -99 TBD TBD
4 >72 -99 TBD TBD
GPRS 850
5 <72 -99 TBD TBD
5 >72 -99 TBD TBD
2 All -99 N/A N/A
4 3 All -99 N/A N/A
No
4 All -99 N/A N/A
5 All -99 N/A N/A
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TABLE 6-3 GPRS MaAximMum C-TIS LEVEL (IN bDBM) RECOMMENDED LIMITS FOR THE PRIMARY
MEcHANICAL MopEe"
Device Held Up Device BHHL
Band to Head for Device Power Class Width FS and HL and HR
Voice (Yes/No) (mm)2 BHHR
1 <72 -101.5 TBD TBD
1 >72 -101.5 TBD TBD
3 2 <72 -101.5 TBD TBD
Yes
2 >72 -101.5 TBD TBD
GPRS 1900 3 <72 -101.5 TBD TBD
3 >72 -101.5 TBD TBD
1 All -101.5 N/A N/A
No* 2 Al -101.5 N/A N/A
3 All -101.5 N/A N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.

6.6 EGPRS

6.6.1 Test Procedure

EGPRS Receiver Sensitivity measurements shall be performed using an EGPRS-capable Base Station
Simulator to determine the EUT's receiver sensitivity by reporting the minimum forward-link power
resulting in a Block Error Rate (BLER) of 10% or less with 95% confidence. Refer to Appendix A for
set-up illustrations.

The set-up parameters defined in Section 5.6 shall be used with the following exceptions:

a. Forward-Link Power: As needed to maintain 0% BLER while using downlink modulation
coding scheme MCS-5

b. Power Control Level (PCL)/Gamma adjusted high enough to ensure that there are no
communication errors introduced on the reverse channel. The EUT does not need to be
set to maximum power at the initiation of the sensitivity search.

c. The EGPRS base station simulator shall configure the EUT for EGPRS data loopback
mode. Refer to 3GPP TS 05.05 and 3GPP TS 51.010-1 for procedures and criteria for
the setup of loopback mode.

d. The EGPRS base station simulator shall be configured to transmit with the maximum
number of downlink slots supported by the EUT.

Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain an active data loopback session.
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For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Invoke data loopback between the EUT and the EGPRS base station simulator on one of the reference
test channels. Verify that the EGPRS base station simulator is utilizing MCS-5 coding in the downlink.
With an active data loopback session established, invoke a BLER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in a BLER of
10% or less with 95% confidence but may be limited to 2000 received blocks maximum at each
measured location on the sphere. If the alternate/normalization method is not used, the number of blocks
may be limited to 200 at each measured location on the sphere. The algorithms/methods used to arrive
at these results can be optimized for speed by finding alternate points on the BLER curve as long as the
data is eventually normalized to a value equivalent to 10% or less at each data point. The normalization
value shall be determined in the same test configuration used to make the other BLER measurements
(i.e., over-the-air, GSM set-up parameters, etc.) and shall be derived from an actual sensitivity
measurement of 10% BLER or less with 95% confidence but may be limited to 2000 received blocks
maximum and not based on an interpolation. In either case, the appropriate contribution to the
measurement uncertainty shall be included. Refer to Section 6.15.1 for details on this procedure and
Section 7.4 for details on this measurement uncertainty. The forward power step size shall be no more
than 0.5 dB when the RF power level is near the target sensitivity level. The Power Control Level/Gamma
setting shall be changed to maximum power when the final sensitivity measurement is made for each
test point, as well as when any BLER reference curve is generated. The Forward Link Power, the Power
Control Level/Gamma settings should be set back to defaults prior to tuning to the next test point. The
minimum RF power level resulting in a BLER of 10% or less for each EUT test condition shall be
recorded for integration pursuant to Appendix B.3 to give a single figure of merit referred to as Total
Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the 3
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS will be repeated per channel on all channels.
Reference channel and intermediate channel measurements shall be actual sensitivity measurements of
10% BLER or less with 95% confidence but may be limited to 2000 received blocks maximum.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS recommended limit or 2) the TIS result at either of the
neighboring reference channels plus 1 dB. The full TIS results at the intermediate channels may be
included as additional data and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer to Figure 6-1):

1. Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.
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Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISyeak jow)- Next,
determine the margin, M1, in dB, between the EUT's measured TIS and the corresponding
TIS limit in Table 6-4. If the device doesn't meet the required TIS limit, then set M1, =0.
Adjust the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.10

Downlink Signal Power j,,, (dBm) = FS EIS;c.y 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's FS EIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |,,, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 |, M1 1,4, @and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

Using the EGPRS base station simulator, measure the downlink BLER using the required
number of blocks as described above. The measured BLER must not exceed 10%.

Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.10 in step 2.

Report the free-space pass/fail status of each intermediate channel listed in Appendix K.2 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.11

BHHR TIS Pass/Fail limit |, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS ,,,, (dBm) - EUT FS TIS |, (dBm))

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS |y, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit |, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.
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10.

1.

12.

13.

14.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |,,, BHHR TIS Pass/Fail limit ,,j; and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS ¢4 1ow)- Since
the BHHR TIS Pass/Fail limit |,,, is directly derived from the FS limit and the TIS difference,
see Equation 6.11, the same margin M1 ,,,, is to be used. Adjust the digital call simulator to
the RF power level calculated by the following formula:

EQUATION 6.12

Downlink Signal Power |4y, (dBm) = BHHR EIS ;¢ 1 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the EGPRS base station simulator, measure the downlink BLER using the required
number of blocks as described above. The measured BLER must not exceed 10%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.12 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.2. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes for the purpose of performing the intermediate channel
desense test.

For the full TIS test, head/hand and/or free-space testing shall be conducted based on device type, as
specified in Appendix O. For the intermediate channel tests, head and hand phantom and free-space
test configurations shall be conducted based on device type, as specified in Appendix O. Refer to
Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the
EUT antenna extended and retracted, as applicable.

Note: Head-adjacent testing is only required for EGPRS if the EUT supports usage against the head in
this mode (e.g., VoIP).
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Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for EGPRS. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted.

The limits in Table 6-4 are recommended. However, they shall be used to determine the mandatory
pass/fail limits for the intermediate channel desense tests.

Relative sensitivity on intermediate channels test results shall be provided in a file format specified in
Appendix B.1. The reported RF level that produces a 10% BLER for each channel shall be less than the
level determined in Section 6.6.1

TABLE 6-4 EGPRS MAXIMUM C-TIS LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY
MECHANICAL MoDE'
Device Held Up Device BHHL
Band to Head for Device Power Class Width FS and HL and HR
Voice (Yes/No) (mm)? BHHR
E1 <72 -94 TBD TBD
E1 >72 -94 TBD TBD
3 E2 <72 -94 TBD TBD
Yes
E2 >72 -94 TBD TBD
EGPRS 850 E3 <72 -94 TBD TBD
E3 >72 -94 TBD TBD
E1 All -94 N/A N/A
No* E2 All -94 N/A N/A
E3 All -94 N/A N/A
E1 <72 -97 TBD TBD
E1 >72 -97 TBD TBD
3 E2 <72 -97 TBD TBD
Yes
E2 >72 -97 TBD TBD
EGPRS 1900 E3 <72 -97 TBD TBD
E3 >72 -97 TBD TBD
E1 All -97 N/A N/A
No* E2 Al -97 N/A N/A
E3 All -97 N/A N/A
Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.
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6.7

UMTS (WCDMA)

6.7.1

Test Procedure

184

Receiver Sensitivity measurements shall be performed using the Base Station Simulator to determine the
EUT's receiver sensitivity by reporting the minimum forward-link power resulting in a Bit Error Rate (BER)
of 1.2% or less at 12.2 kbps data rate with 95% confidence. Refer to Appendix A for set-up illustrations.

The set-up parameters defined in Section 5.7 shall be used with the following exceptions:
a. Forward-Link Power: As needed to maintain 0% BER at 12.2 kbps data rate

b. Power Control: Algorithm 2, using closed loop power control with target power sufficient
to guarantee error-free uplink transmission.

c.  All other parameters shall be set according to 3GPP TS 34.121-1 Reference Sensitivity
Level test case.

Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain a call.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Page the EUT and direct it to one of the reference test channels. With a digital voice/traffic channel
established, invoke a BER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in a BER of
1.2% or less at 12.2 kbps data rate with 95% confidence but may be limited to 20,000 bits maximum at
each measured location on the sphere. The algorithms/methods used to arrive at these results can be
optimized for speed by finding alternate points on the BER curve and/or using higher data rates as long
as the data is eventually normalized to a data set equivalent to 1.2% BER or less at each data point.
Alternative points on the BER curve greater than 12% shall not be used. The normalization value shall
be determined in the same test configuration used to make the other BER measurements (i.e.,
over-the-air, UMTS set-up parameters, etc.) and shall be derived from an actual sensitivity measurement
of 1.2% BER or less at 12.2 kbps with 95% confidence but may be limited to 20,000 bits maximum and
not an interpolation. The forward-link power step size shall be no more than 0.5dB when the RF power
level is near the UMTS sensitivity level. The Power Control setting shall be changed to Algorithm 2 using
all up-bits to guarantee that maximum power is transmitted when the final sensitivity measurement is
made for each test point. The Forward-Link Power and the Power Control settings should be set back to
defaults prior to tuning to the next test point. The minimum RF power level resulting in a BER of 1.2% or
less for each EUT test condition shall be recorded for integration pursuant to Appendix B.3 to give a
single figure of merit referred to as Total Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.
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TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the 3
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS will be repeated per channel on a specified list
of intermediate channels as shown in Appendix K.3. The separation between channels is no greater than
2.5 MHz, and the intermediate channels are spaced off of the center channel.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS recommended limit or 2) the TIS result at either of the
neighboring reference channels plus 1 dB. The full TIS results at the intermediate channels may be
included as additional data and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer to Figure 6-1):

1. Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

2. Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak jow)- Next,
determine the margin, M1, in dB, between the EUT's measured TIS and the corresponding
TIS limit Table 6-5. If the device doesn't meet the required TIS limit, then set M1,,,=0. Adjust
the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.13

Downlink Signal Power |4y, (dBm) = FS EIS p,,) 10w) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's FS EIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 ,,,, M1 ,,i4, and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

3. Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

4. Using the UMTS base station simulator, measure the downlink BER at a 12.2 kbps data rate
using the required number of bits as described above. The measured BER must not exceed
1.2%.

5. Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.13 in step 2.

6. Report the free-space pass/fail status of each intermediate channel listed in Appendix K.3 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.
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If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.14

BHHR TIS Pass/Fail limit ;,,, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS | ,, (dBm) - EUT FS TIS ,,, (dBm))

10.

1.

12.

13.

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS ,,, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit |o,, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |y, BHHR TIS Pass/Fail limit ;3 and BHHR TIS Pass/Fail limit pg, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS ¢4 1ow)- Since
the BHHR TIS Pass/Fail limit |,,, is directly derived from the FS limit and the TIS difference,
see Equation 6.14, the same margin M1 ,,,, is to be used. Adjust the digital call simulator to
the RF power level calculated by the following formula:

EQUATION 6.15

Downlink Signal Power |5, (dBm) = BHHR EIS ¢, 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the UMTS base station simulator, measure the downlink BER at a 12.2 kbps data rate
using the required number of bits as described above. The measured BER must not exceed
1.2%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.15 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.3. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
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conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

14. The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes, if applicable, for the purpose of performing the intermediate
channel desense test.

For the full TIS test and the intermediate channel tests, head/hand and/or free-space testing shall be
conducted based on device type, as specified in Appendix O. For the intermediate channel tests, head
and hand phantom and free-space test configurations shall be conducted based on device type, as
specified in Appendix O. Refer to Appendix C for head/hand testing requirements. Perform each test on
all specified frequencies with the EUT antenna extended and retracted, as applicable.

Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for UMTS. Reports shall include results for free-space
and head/hand configurations (if applicable) across all channels measured with the EUT antenna
extended and retracted.

The limits in Table 6-5 are recommended. However, they shall be used to determine the mandatory
pass/fail limits for the intermediate channel desense tests.

Relative sensitivity on intermediate channels test results shall be provided in a file format equivalent to
that specified in Appendix B.1. The reported RF level that produces a 1.2% BER for each channel shall
be less than the level determined in Section 6.7.1.

TABLE 6-5 UMTS MAXIMUM C-TIS LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY
MECHANICAL MoDE'
Device Held Up Device
Band to Head for Device Power Class Widt FS BHBFIl-IIi-I?Rnd HL and HR
Voice (Yes/No) (mm)

3 <72 -100 TBD TBD
3 3 >72 -100 TBD TBD

Yes
4 <72 -100 TBD TBD

UMTS 850

4 >72 -100 TBD TBD
4 3 All -100 N/A N/A

No
4 All -100 N/A N/A
3 <72 -102 TBD TBD
3 3 >72 -102 TBD TBD

Yes
4 <72 -102 TBD TBD

UMTS 1900

4 >72 -102 TBD TBD
4 3 All -102 N/A N/A

No
4 All -102 N/A N/A
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TABLE 6-5 UMTS MAxiMum C-TIS LEVEL (IN DBM) RECOMMENDED LIMITS FOR THE PRIMARY
MECHANICAL MoDE"
Device Held Up Device
Band to Head for Device Power Class Width FS B"'BF:IIH?Q"" HL and HR
Voice (Yes/No) (mm)?
3 <72 -105 TBD TBD
3 3 >72 -105 TBD TBD
Yes
UMTS 4 <72 -105 TBD TBD
2100/1700 4 >72 -105 TBD TBD
4 3 All -105 N/A N/A
No
4 All -105 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA

Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.
Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop

antenna extended, fold or portrait slide open, but depends on form factor).

performance with different hand phantoms of up to 6 dB.

solutions.

6.8

LTE

6.8.1

The TIS test procedure for LTE shall be performed using the procedure identified in Section 6.8.1.

Test Procedure

188

Receiver sensitivity measurements shall be performed using data throughput as the measurement
metric. The EUT's receiver sensitivity corresponds to the minimum downlink signal power required to
provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference
measurement channel. Refer to Appendix A for set-up illustrations.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

The LTE system simulator and EUT shall be configured per section 7.3 (Reference Sensitivity Level) of
3GPP TS 36.521-1 using the defaults specified in 3GPP TS 36.521-1 and 3GPP TS 36.508 as
applicable. As the 3GPP reference does not make any mention of p-Max, nor is p-Max included in the
default message content defined in 3GPP TS 36.508, p-Max shall not be signaled during attach
procedures or during measurements. For a given downlink RF power level, throughput shall be
measured using the test procedure in section 7.3 of 3GPP TS 36.521-1 using the downlink and uplink
reference measurement channels defined in Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and
Table 6-6. For LTE Band 13, the settings in Table 6-7 shall take precedence over the settings in Annexes
A.2.2, A2.3, and A.3.2 of 3GPP TS 36.521-1. The LTE system simulator shall send continuous uplink
power control “up” commands to the EUT to ensure the EUT's transmitter is at maximum output power
during the sensitivity searches. The downlink power step size shall be no more than 0.5 dB when the RF
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power level is near the LTE sensitivity level. The minimum RF power level resulting in a data throughput
rate greater than or equal to 95% of the maximum throughput of the reference measurement channel
shall be recorded as the downlink power level corresponding to the 95% throughput percentage (the data
throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). Care must be taken to ensure that the
duration of the throughput measurement is sufficient to achieve statistical significance according to
Annex G.2 of 3GPP TS 36.521-1. The downlink signal level for each EUT test condition shall be
recorded for integration pursuant to Appendix B.3 to give a single figure of merit referred to as Total
Isotropic Sensitivity (TIS).

Typically, the maximum deviation in receive level measurements from peak to null of any one channel
does not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement
starting with the base station power set 30 dB above the lowest sensitivity level measured in order to
reduce the time required to search for the sensitivity floor. For points where this setting is below the target
sensitivity level, the sensitivity may be considered negligible for that location and the initial value used in
place of an actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3. TIS
measurements shall be carried out for different frequency pairs (FDD; UL -uplink /DL -downlink) or
frequencies (TDD) and RB allocations across the bands supported by the EUT, as defined in Table 6-6.

TIS results shall be based on total channel power.

TABLE 6-6 LTE TIS MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MopEg"
RX
Channel Frequency
Band Bandwidth Channel (MHz) [center UL RB Allocation DL RB Allocation
(MHz) of DL RB
allocation]
10 650 1935 50 RB with RBstart=0 50 RB with RBstart=0
22 10 900 1960 50 RB with RBstart=0 50 RB with RBstart=0
10 1150 1985 50 RB with RBstart=0 50 RB with RBstart=0
10 2000 2115 50 RB with RBstart=0 50 RB with RBstart=0
43 10 2175 2132.5 50 RB with RBstart=0 50 RB with RBstart=0
10 2350 2150 50 RB with RBstart=0 50 RB with RBstart=0
10 2450 874 25 RB with RBstart=25 50 RB with RBstart=0
5 10 2525 881.5 25 RB with RBstart=25 50 RB with RBstart=0
10 2600 889 25 RB with RBstart=25 50 RB with RBstart=0
20 2850 2630 75 RB with RBstart=25 100 RB with RBstart=0
7 20 3100 2655 75 RB with RBstart=25 100 RB with RBstart=0
20 3350 2680 75 RB with RBstart=25 100 RB with RBstart=0
5 5035 731.5 20 RB with RBstart=5 25 RB with RBstart=0
125 5 5095 737.5 20 RB with RBstart=5 25 RB with RBstart=0
5 5155 743.5 20 RB with RBstart=5 25 RB with RBstart=0
13 10 5230 751 15 RB with RBstart=0 50 RB with RBstart=0
14 10 5330 763 15 RB with RBstart=0 50 RB with RBstart=0
17° 10 5800 741 20 RB with RBstart=30 50 RB with RBstart=0
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TABLE 6-6 LTE TIS MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE1
RX
Channel Frequency
Band Bandwidth Channel (MHz) [center UL RB Allocation DL RB Allocation
(MHz) of DL RB
allocation]
5 8065 1932.5 25 RB with RBstart=0 25 RB with RBstart=0
252 5 8365 1962.5 25 RB with RBstart=0 25 RB with RBstart=0
5 8665 1992.5 25 RB with RBstart=0 25 RB with RBstart=0
5 8715 861.5 25 RB with RBstart=0 25 RB with RBstart=0
264 5 8865 876.5 25 RB with RBstart=0 25 RB with RBstart=0
5 9015 891.5 25 RB with RBstart=0 25 RB with RBstart=0
30 10 9820 2355 25 RB with RBstart=25 50 RB with RBstart=0
20 39750 2506 100RB with RBstart=0 100RB with RBstart=0
41 20 40620 2593 100RB with RBstart=0 100RB with RBstart=0
20 41490 2680 100RB with RBstart=0 100RB with RBstart=0
10 55290 3555 50 RB with RBstart=0 50 RB with RBstart=0
48 10 55990 3625 50 RB with RBstart=0 50 RB with RBstart=0
10 56690 3695 50 RB with RBstart=0 50 RB with RBstart=0
10 66486 2115 50 RB with RBstart=0 50 RB with RBstart=0
66° 10 66786 2145 50 RB with RBstart=0 50 RB with RBstart=0
10 67086 2175 50 RB with RBstart=0 50 RB with RBstart=0
70 15 68411 2002.5 75 RB with RBstart=0 75 RB with RBstart=0
10 68636 622 25 RB with RBstart=0 50 RB with RBstart=0
71 10 68761 634.5 25 RB with RBstart=0 50 RB with RBstart=0
10 68886 647 25 RB with RBstart=0 50 RB with RBstart=0

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna

extended, fold or portrait slide open, but depends on form factor).

Note 2: If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25. The test requirements and data
comparison between Bands 2 and 25 will not be directly comparable due to the usage of different RF channel bandwidths.

Note 3: If the device supports Band 4 and Band 66, then testing is only required to be completed in Band 66.

Note 4: If the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26. The test requirements and data
comparison between Bands 5 and 26 will not be directly comparable due to the usage of different RF channel bandwidths.

Note 5: If the device supports Band 12 and Band 17, then testing is only required to be completed in Band 12. The test requirements and
data comparison between Bands 12 and 17 will not be directly comparable due to the usage of different RF channel bandwidths.

TABLE 6-7 UPLINK REFERENCE MEASUREMENT CHANNEL TABLE (UPLINK REFERENCE MEASUREMENT
CHANNELS ARE PER ANNEXES A.2.2 AND A.2.3 oF 3GPP TS 36.521-1 WITH THE

EXCEPTIONS NOTED IN THE TABLE FOR BAND 13)

Parameter Unit Value
Channel bandwidth MHz 10
Allocated resource blocks 15
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6.8.2

TABLE 6-7 UPLINK REFERENCE MEASUREMENT CHANNEL TABLE (UPLINK REFERENCE MEASUREMENT
CHANNELS ARE PER ANNEXES A.2.2 AND A.2.3 OF 3GPP TS 36.521-1 WITH THE
EXCEPTIONS NOTED IN THE TABLE FOR BAND 13)

Parameter Unit Value
DFT-OFDM Symbols per subframe 12
Modulation QPSK
Target Coding rate 1/3
Payload size Bits 1320
Transport block CRC Bits 24
Number of code blocks - C 1
Code block CRC size Bits 0
Total number of bits per sub-frame Bits 4320
Total symbols per sub-frame 2160
UE Category 1-5

For the TIS test, head and hand phantom, hand phantom only and/or free-space testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand
testing requirements. Perform each test on all specified frequencies with the EUT antenna extended and
retracted, as applicable.

Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while
utilizing an LTE airlink (e.g., VoIP).

Intermediate channel measurements shall performed for applicable bands as detailed in Section 6.8.2.

LTE Intermediate Channel Measurements

191

Relative sensitivity measurements are not required in all bands. Bands for which intermediate channel
measurements apply and the test frequencies to be used are specified in Appendix K.4. Full TIS
measurements may be substituted for relative sensitivity measurements.

Note: There are no LTE TIS limits defined. The following procedure is not applicable; see Appendix
0.10.1 for details.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS limit or 2) the TIS result at either of the neighboring reference
channels plus 1 dB. The full TIS results at the intermediate channels may be included as additional data
and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer Figure 6-1):

1. Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

2. Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak 1ow)- Next,
determine the margin, M1,,, in dB, between the EUT's measured TIS and the corresponding
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TIS limit in Table 6-8. If the device doesn't meet the required TIS limit, then set M1,4,,=0.
Adjust the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.16

Downlink Signal Power |4y, (dBm) = FS EIS peqi 1ow) (ABm) + M1 4, (dB) +3 (dB)

For example, if the EUT's FS EIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 ,,,, M1 ,,i4, and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

Throughput of the EUT shall be measured using the test procedure in section 7.3 of 3GPP TS
36.521-1 using the downlink and uplink reference measurement channels defined in Annexes
A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and Table 6-13 of this document (the data
throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). The LTE system simulator
shall send continuous uplink power control “up” commands to the EUT to ensure the EUT's
transmitter is at maximum output power. The measured throughput rate shall be greater than
or equal to 95% of the maximum throughput of the reference measurement channel. Care
must be taken to ensure that the duration of the throughput measurement is sufficient to
achieve statistical significance according to Annex G.2 of 3GPP TS 36.521-1.

Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.16 in step 2.

Report the free-space pass/fail status of each intermediate channel listed in Appendix K.4 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.17

BHHR TIS Pass/Fail limit 1., (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS |, (dBm) - EUT EFS TIS , (dBm))

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS ,,, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm
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10.

1.

12.

13.

14.

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit o, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |, BHHR TIS Pass/Fail limit ;4 and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS g5k 1ow)- Since
the BHHR TIS Pass/Fail limit |, is directly derived from the FS limit and the TIS difference,
see Equation 6.17, the same margin M1 |,,, is to be used. Adjust the digital call simulator to
the RF power level calculated by the following formula:

EQUATION 6.18

Downlink Signal Power |4y, (dBm) = BHHR EIS ;41 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Throughput of the EUT shall be measured using the test procedure in section 7.3 of 3GPP TS
36.521-1 using the downlink and uplink reference measurement channels defined in Annexes
A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and Table 6-13 of this document (the data
throughput rate is as defined in section 7.3 of 3GPP TS 36.521-1). The LTE system simulator
shall send continuous uplink power control “up” commands to the EUT to ensure the EUT's
transmitter is at maximum output power. The measured throughput rate shall be greater than
or equal to 95% of the maximum throughput of the reference measurement channel. Care
must be taken to ensure that the duration of the throughput measurement is sufficient to
achieve statistical significance according to Annex G.2 of 3GPP TS 36.521-1.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.18 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.4. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes, if applicable, for the purpose of performing the intermediate
channel desense test.

For the intermediate channel tests, head and hand phantom and free-space test configurations shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for head/hand
testing requirements
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Perform each test on all specified frequencies with the EUT antenna extended and retracted, as
applicable.

Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head while
utilizing an LTE airlink (e.g., VoIP).

6.8.3 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for LTE. Reports shall include results for applicable use
cases, including free-space, head/hand configurations and/or wrist-worn configurations across all
channels measured with the EUT antenna extended and retracted.

Relative sensitivity on intermediate channels test results shall be provided in a file format equivalent to
that specified in Appendix B.1.

The C-TIS value for each LTE band shall not exceed the values in Table 6-8.

TABLE 6-8 LTE MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
Mobe'
Device
Use Cases A WL and BHHL and
Band Supported (vr¥1lr(:|t)g FS WR BHHR HL and HR
Held to head for <72 TBD N/A TBD TBD
[PRpRC)
voice >72 TBD N/A TBD TBD
LTE Band 71 - )
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
[PRpRC)
voice >72 TBD N/A TBD TBD
LTE Band 12 - )
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
[PRpRC)
voice >72 TBD N/A TBD TBD
LTE Band 17 - )
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
[PRpRC)
voice >72 TBD N/A TBD TBD
LTE Band 13 - )
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
[PRpRC)
voice >72 TBD N/A TBD TBD
LTE Band 14 - 7
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
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TABLE 6-8 LTE MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
Mobe'
Device
Use Cases A WL and BHHL and
Band Supported (\:\Inlgt)g FS WR BHHR HL and HR
Held to head for <72 TBD N/A TBD TBD
i A3
voice >72 TBD N/A TBD TBD
LTE Band 26 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 5 _ .
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 70 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 2 _ .
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 25 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 4 _ .
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 66 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 30 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
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TABLE 6-8 LTE MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
Mobe'
Device
Use Cases A WL and BHHL and
Band Supported (\:\Inlgt)g FS WR BHHR HL and HR
Held to head for <72 TBD N/A TBD TBD
i A3
voice >72 TBD N/A TBD TBD
LTE Band 7 _ .
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 41 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A
Held to head for <72 TBD N/A TBD TBD
A3
voice >72 TBD N/A TBD TBD
LTE Band 48 - y)
Wrist-worn All N/A TBD N/A N/A
Other® All TBD N/A N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions
(typically means antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed
differences in OTA performance with different hand phantoms of up to 6 dB.

Note 3: “Held to head for voice” applies if the device supports voice operation in the talking position against
the head in any cellular radio mode.

Note 4: “Wrist-worn” would be applicable to devices that are worn on the wrist, e.g., smartwatches.

Note 5: “Other” would be applicable to data-centric devices that are not held up against the head nor
Wrist-worn, e.g., embedded laptop solutions.

6.9 CDMA 1xEV-DO DATA
6.9.1 Test Procedure
Receiver Sensitivity measurements shall be performed using the Base Station Simulator to determine the
EUT's receiver sensitivity by reporting the minimum forward-link power resulting in a Packet Error Rate
(PER) of 0.5% or less with 95% confidence. Refer to Appendix A for set-up illustrations.
The set-up parameters defined in Section 5.9 shall be used with the following exceptions:
a. Forward-Link Power: As needed to maintain 0% PER.
b. Power Control: Closed Loop.
c. If the EUT supports 1XEV-DO Rev. A, then 1xEV-DO Rev. A shall be used for this test and
the CDMA 1xEV-DO test parameters shall be set according to TIA-866-A paragraph
3.3.1 (subtype 2 physical layer) for the Receiver Sensitivity test and to the applicable
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defaults specified in TIA-866-A section 8. If the EUT does not support 1XEV-DO Rev. A,
then 1xEV-DO Rev. 0 shall be used for this test and the CDMA 1xEV-DO test parameters
shall be set according to TIA-866-1 paragraph 3.1.1.3.1 for the Receiver Sensitivity test
and to the applicable defaults specified in TIA-866-1 section 11.

Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain a call.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Page the EUT and direct it to one of the reference test channels. With a digital voice/traffic channel
established, invoke a PER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in a PER of
0.5% or less with 95% confidence at each measured location on the sphere. The algorithms/methods
used to arrive at these results can be optimized for speed by finding alternate points on the PER curve as
long as the data is eventually normalized to a data set equivalent to 0.5% or less at each data point.
Alternative points on the PER curve greater than 2% shall not be used. The normalization value shall be
determined in the same test configuration used to make the other PER measurements (i.e., over-the-air,
CDMA set-up parameters, etc.) and shall be derived from an actual sensitivity measurement of 0.5%
PER or less with 95% confidence and not an interpolation. In either case, the appropriate contribution to
the measurement uncertainty shall be included. Refer to Section 6.15.1 for details on this procedure and
Section 7.4 for details on this measurement uncertainty. The number of packets observed shall be
consistent with a 95% confidence level but may be limited to 500 packets maximum at 2% PER and to
2000 packets maximum at 0.5% PER. For PER's in between these two points, the maximum number of
packets shall be scaled proportionally. The forward-link power step size shall be no more than 0.5 dB
when the RF power level is near the CDMA sensitivity level. The Power Control setting shall be changed
to Always Up when the final sensitivity measurement is made for each test point. The Forward-Link
Power and the Power Control settings should be set back to defaults prior to tuning to the next test point.
The minimum RF power level resulting in a PER of 0.5% or less for each EUT test condition shall be
recorded for integration pursuant to Appendix B.3 to give a single figure of merit referred to as Total
Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the three
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS shall be repeated per channel on a specified list
of intermediate channels as shown in Appendix K.1. The separation between channels is no greater than
500 kHz, and the intermediate channels are spaced off of the center channel.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS limit or 2) the TIS result at either of the neighboring reference
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channels plus 1 dB. The full TIS results at the intermediate channels may be included as additional data
and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer to Figure 6-1):

1.

Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak jow)- Next,
determine the margin, M1, in dB, between the EUT's measured TIS and the corresponding
TIS limit Table 6-9. If the device doesn't meet the required TIS limit, then set M1,,,=0. Adjust
the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.19

Downlink Signal Power j,,, (dBm) = FS EISpe,1 1ow) (dBm) + M1 14y, (dB) +3 (dB)

For example, if the EUT's FS EIS(peak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |5, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 |,,, M1 1,4, @and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the PER using the required number of packets as
described above. The measured PER must not exceed 0.5%.

Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.19 in step 2.

Report the free-space pass/fail status of each intermediate channel listed in Appendix K.1 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.20

BHHR TIS Pass/Fail limit ,, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS 1, (dBm) - EUT FS TIS ,, (dBm))
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10.

1.

12.

13.

14.

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS |, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit |, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |,,, BHHR TIS Pass/Fail limit ,,j; and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS ¢4 1ow)- Since
the BHHR TIS Pass/Fail limit |,,, is directly derived from the FS limit and the TIS difference,
see Equation 6.20, the same margin M1 |, is to be used. Adjust the digital call simulator to
the RF power level calculated by the following formula:

EQUATION 6.21

Downlink Signal Power |4y, (dBm) = BHHR EIS 51 10w) (dBm) + M1, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS low was -96 dBm, and the
BHHR TIS low limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the PER using the required number of packets as
described above. The measured PER must not exceed 0.5%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.21 in step 9.

Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.1. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes, if applicable, for the purpose of performing the intermediate
channel desense test.

For the full TIS test, head/hand and/or free-space testing shall be conducted based on device type, as
specified in Appendix O. For the intermediate channel tests, head and hand phantom and free-space
test configurations shall be conducted based on device type, as specified in Appendix O. Refer to
Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the
EUT antenna extended and retracted, as applicable.
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Note: Head-adjacent testing is only required for COMA 1xEV-DO data if the EUT supports usage
against the head in this mode (e.g., VoIP).

6.9.2 Criteria
Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for CDMA 1xEV-DO. Reports shall include results for
free-space and head/hand configurations (if applicable) across all channels measured with the EUT
antenna extended and retracted.
Relative sensitivity on intermediate channels test results shall be provided in a file format equivalent to
that specified in Appendix B.1.
TABLE 6-9 CDMA 1XEV-DO DATA MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MEcHANICAL MopEe"
Device Held Up Device
Band to Head for Antenna Type Width FS BI'IBI'”H?Q"d HL and HR
Voice (Yes/No) (mm)?
Embedded <72 -102.5 TBD TBD
Ves? Embedded >72 -102.5 TBD TBD
CDMA 1xEV-DO es
DATA 800 Stub or Retractable <72 -102.5 TBD TBD
Stub or Retractable >72 -102.5 TBD TBD
No* All All -102.5 N/A N/A
Embedded <72 -102.5 TBD TBD
Ves3 Embedded >72 -102.5 TBD TBD
CDMA 1xEV-DO es
DATA 1900 Stub or Retractable <72 -102.5 TBD TBD
Stub or Retractable >72 -102.5 TBD TBD
No* All All -102.5 N/A N/A
Embedded <72 -102.5 TBD TBD
Ves? Embedded >72 -102.5 TBD TBD
CDMA 1xEV-DO es
DATA 2100/1700 Stub or Retractable <72 -102.5 TBD TBD
Stub or Retractable >72 -102.5 TBD TBD
No* All All -102.5 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA

Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop

antenna extended, fold or portrait slide open, but depends on form factor).

performance with different hand phantoms of up to 6 dB.

solutions.
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6.10 CDMA 1xRTT DATA

6.10.1 Test Procedure
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Receiver Sensitivity measurements shall be performed using the Base Station Simulator to determine the
EUT's receiver sensitivity by reporting the minimum forward-link power resulting in a Frame Error Rate
(FER) of 0.5% or less with 95% confidence. Refer to Appendix A for set-up illustrations.

The set-up parameters defined in Section 5.10 shall be used with the following exceptions:
a. Forward-Link Power: As needed to maintain 0% FER
b. Power Control: Closed Loop

c. All other parameters shall be set according to TIA-98-E paragraph 3.5.1 for the
Fundamental Channel Receiver Sensitivity test and to the defaults specified in TIA-98-E
paragraph 6.5.2.

Note: If the test point is occurring in a significant null, the forward-link power may have to be raised to
establish/maintain a call.

For a device supporting multiple receivers, all receivers shall be enabled during the test procedure
described in the remainder of this section. In this way, C-TIS is the test result, regardless whether the
device supports one or multiple receivers. In the special case that I-TIS is the desired quantity of interest,
the same procedure is followed, except that all but the specified receiver-under-test on the device are
disabled.

Page the EUT and direct it to one of the reference test channels. With a digital voice/traffic channel
established, invoke an FER Measurement.

Sensitivity measurements shall be equivalent to the minimum RF power level that results in an FER of
0.5% or less with 95% confidence at each measured location on the sphere. The algorithms/methods
used to arrive at these results can be optimized for speed by finding alternate points on the FER curve as
long as the data is eventually normalized to a data set equivalent to 0.5% or less at each data point.
Alternative points on the FER curve greater than 2% shall not be used. The normalization value shall be
determined in the same test configuration used to make the other FER measurements (i.e. over-the-air,
CDMA set-up parameters, etc.) and shall be derived from an actual sensitivity measurement of 0.5%
FER or less with 95% confidence and not an interpolation. In either case, the appropriate contribution to
the measurement uncertainty shall be included. Refer to Section 6.15.1 for details on this procedure and
Section 7.4 for details on this measurement uncertainty. The number of frames observed shall be
consistent with a 95% confidence level but may be limited to 500 frames maximum at 2% FER and to
2000 frames maximum at 0.5% FER. For FER's in between these two points, the maximum number of
frames shall be scaled proportionally. The forward-link power step size shall be no more than 0.5dB
when the RF power level is near the CDMA sensitivity level. The Power Control setting shall be changed
to Always Up when the final sensitivity measurement is made for each test point. The Forward-Link
Power and the Power Control settings should be set back to defaults prior to tuning to the next test point.
The minimum RF power level resulting in an FER of 0.5% or less for each EUT test condition shall be
recorded for integration pursuant to Appendix B.3 to give a single figure of merit referred to as Total
Isotropic Sensitivity (TIS).

Typically, the maximum deviation in RX level measurements from peak to null of any one channel does
not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement starting
with the base station power set 30 dB above the lowest sensitivity level measured in order to reduce the
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time required to search for the sensitivity floor. For points where this setting is below the target sensitivity
level, the sensitivity may be considered negligible for that location and the initial value used in place of an
actual measurement.

TIS shall be fully measured as described above and calculated pursuant to Appendix B.3 for the three
channels (low, middle and high) specified in Section 5 for all frequency bands supported by the EUT and
required to be tested per this test plan.

Relative sensitivity measurements or fully measured TIS shall be repeated per channel on a specified list
of intermediate channels as shown in Appendix K.1. The separation between channels is no greater than
500 kHz, and the intermediate channels are spaced off of the center channel.

When full TIS measurements are performed on intermediate channels, the intermediate channel passes
if the full TIS result is better than 1) the TIS limit or 2) the TIS result at either of the neighboring reference
channels plus 1 dB. The full TIS results at the intermediate channels may be included as additional data
and marked as supplemental in the test report.

Procedure for measuring relative sensitivity on intermediate channels (refer to Figure 6-1):

1. Move the EUT and chamber positioner(s) to the location & polarization resulting in the
best-radiated free-space sensitivity measured for the closest, in frequency, fully measured
channel (low, mid, high), now used as a Reference Channel.

2. Note the downlink power level which corresponds to the EUT's peak free-space radiated
sensitivity as described in step 1 above, which will be referred to as FS EISpeak jow)- Next,
determine the margin, M1, in dB, between the EUT's measured TIS and the corresponding
TIS limit in Table 6-8. If the device doesn't meet the required TIS limit, then set M1, =0.
Adjust the digital call simulator to the RF power level calculated by the following formula:

EQUATION 6.22

Downlink Signal Power |4y, (dBm) = FS EIS peq) 1ow) (ABm) + M1 4, (dB) +3 (dB)

For example, if the EUT's FS EIS;yeak 1ow) Was -108 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel FS TIS |, was -104 dBm, and the FS
TIS limit is -100 dBm, we have:

(-108 (dBm) + 4 (dB) + 3 (dB)) dBm = -101 dBm

In this example, the signal generator would be set to -101 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels. Note that M1 ,,,, M1 ,,i4, and
M1 pigh can vary depending on how much the FS TIS of each channel exceeds the FS TIS
limit.

3. Without changing the RF signal level at the EUT, change the frequency of the base station
simulator such that it is operating on a defined intermediate channel.

4. Using the base station simulator, measure the FER using the required number of frames as
described above. The measured FER must not exceed 0.5%.

5. Repeat steps 3 through 4 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 1, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.22 in step 2.

6. Report the free-space pass/fail status of each intermediate channel listed in Appendix K.1 For
both the full TIS test and the intermediate channel tests, free-space testing shall be
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conducted based on device type, as specified in Appendix O. Perform each test on all
specified frequencies with the EUT antenna extended and retracted, as applicable.

If the device must be tested in the BHHR position, then move the EUT and chamber
positioner(s) to the location and polarization resulting in the best-radiated BHHR sensitivity
measured for the closest, in frequency, fully measured channel (low, mid, high), now used as
a Reference Channel.

Devices which must be tested in the BHHR position shall be evaluated for intermediate
channel performance using a Pass/Fail limit provided by the following formula:

EQUATION 6.23

BHHR TIS Pass/Fail limit },,, (dBm) = FS TIS Pass/Fail limit (dBm) + (EUT BHHR TIS ,,,, (dBm) - EUT FS TIS ,,, (dBm))

10.

1.

12.

For example, if the FS TIS limit is -100 dBm, the EUT BHHR TIS |,,, on the low-frequency
reference channel is -99 dBm, and the EUT FS TIS |, on the low-frequency reference
channel is -104 dBm, we have:

(-100 (dBm) + (-99 (dBm) - (-104 (dBm)))) dBm = -95 dBm

In this example, -95 dBm would be the BHHR TIS Pass/Fail Limit |, used when repeating
steps 1 through 6 above with the EUT in the BHHR position for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1.

Similar evaluations are performed for mid and high reference channels. Note that BHHR TIS
Pass/Fail limit |, BHHR TIS Pass/Fail limit ;4 and BHHR TIS Pass/Fail limit g, can be
different.

Note the downlink power level which corresponds to the EUT's peak BHHR radiated
sensitivity as described in step 7 above, which will be referred to as BHHR EIS g5k 1ow)- Since
the BHHR TIS Pass/Fail limit |,,, is directly derived from the FS limit and the TIS difference,
see Equation 6.23, the same margin M1 |,,, is to be used. Adjust the digital call simulator to
the RF power level calculated by the following formula:

EQUATION 6.24

Downlink Signal Power |5y, (dBm) = BHHR EIS ;41 1ow) (dBm) + M1 4, (dB) +3 (dB)

For example, if the EUT's BHHR EIS peak 1ow) Was -100 dBm on the low-frequency reference
channel, the EUT's low-frequency reference channel BHHR TIS ,,, was
-96 dBm, and the BHHR TIS |, limit is -92 dBm, we have:

(-100 (dBm) + 4 (dB) + 3 (dB)) dBm = -93 dBm

In this example, the signal generator would be set to -93 dBm for all intermediate channels
associated with the low-frequency reference channel as shown in Figure 6-1. Similar
evaluations are performed for mid and high reference channels.

Without changing the RF signal level, change the frequency of the base station simulator
such that it is operating on a defined intermediate channel.

Using the base station simulator, measure the FER using the required number of frames as
described above. The measured FER must not exceed 0.5%.

Repeat steps 10 through 11 of this procedure for all remaining intermediate channels. If the
reference channel changes from low to mid or high, move to the location and polarization of
the next reference channel (mid, high), see step 7, and take the EUT's measured FS TIS and
BHHR TIS on the low, mid and high-frequency reference channels into account when
calculating the downlink signal power level according to Equation 6.24 in step 9.
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13. Report the BHHR pass/fail status of each intermediate channel listed in Appendix K.1. For
both the full TIS test and the intermediate channel tests, head/hand testing shall be
conducted based on device type, as specified in Appendix O. Refer to Appendix C for
head/hand testing requirements. Perform each test on all specified frequencies with the EUT
antenna extended and retracted, as applicable.

14. The methodology in step 8 shall be applied to determine the TIS Pass/Fail Limits for all
non-primary mechanical modes, if applicable, for the purpose of performing the intermediate
channel desense test.

For the full TIS test, head/hand and/or free-space testing shall be conducted based on device type, as
specified in Appendix O. For the intermediate channel tests, head and hand phantom and free-space
test configurations shall be conducted based on device type, as specified in Appendix O. Refer to
Appendix C for head/hand testing requirements. Perform each test on all specified frequencies with the
EUT antenna extended and retracted, as applicable.

Note: Head-adjacent testing is only required for COMA 1xRTT data if the EUT supports usage against
the head in this mode (e.g., VoIP).

6.10.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for CDMA 1xRTT DATA. Reports shall include results for
free-space and head/hand configurations (if applicable) across all channels measured with the EUT
antenna extended and retracted.

Relative sensitivity on intermediate channels test results shall be provided in a file format equivalent to
that specified in Appendix B.1.

TABLE 6-10  CDMA 1XRTT DATA MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'

Device Held Up Device BHHL and
Band to Head for Antenna Type Width FS BHHR HL and HR
Voice (Yes/No) (mm)2
Embedded <72 -101 TBD TBD
Ves? Embedded >72 -101 TBD TBD
CDMA 1xRTT €s
DATA 800 Stub or Retractable <72 -101 TBD TBD
Stub or Retractable >72 -101 TBD TBD
No?* All All -101 N/A N/A
Embedded <72 -101 TBD TBD
Vesd Embedded >72 -101 TBD TBD
CDMA 1xRTT €s
DATA 1900 Stub or Retractable <72 -101 TBD TBD
Stub or Retractable >72 -101 TBD TBD
No* Al Al -101 N/A N/A
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TABLE 6-10  CDMA 1XRTT DATA MAXIMUM C-TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MoDE'

Device Held Up Device BHHL and
Band to Head for Antenna Type Width FS BHHR HL and HR
Voice (Yes/No) (mm)2
Embedded <72 -101 TBD TBD
CDMA 1xRTT Ves? Embedded >72 -101 TBD TBD
DATA Stub or Retractable <72 -101 TBD TBD
2100/1700 Stub or Retractable >72 -101 TBD TBD
No?* All All -101 N/A N/A

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means
antenna extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA
performance with different hand phantoms of up to 6 dB.
Note 3: “Yes” applies if the device supports voice operation in the talking position against the head in any cellular radio mode.

Note 4: “No” would be applicable to data-centric devices that are not held up against the head, e.g., embedded laptop
solutions.

6.11 CDMA with Receive Diversity
This section removed for V3.8.

6.12 UMTS Two-Branch Receive Diversity
This section removed for V3.8.

6.13 A-GNSS

6.13.1 Test Procedure
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The procedure identified herein has been based on industry standards used during EUT conformance
testing. However, some modifications were made to reduce test time, to reduce the Over-the-Air test
solution complexity, and to account for specific Over-the-Air testing needs. The specific modifications are
described in the corresponding cellular radio mode test specifics in Section 6.13.5. It is assumed that the
EUT will be tested per the conformance testing requirements defined by the industry standards.
Therefore, any device that does not specifically meet the requirements of the industry standards would
be identified during the conformance testing.

A-GNSS Receiver Sensitivity measurements shall be performed using test equipment that supports the
relevant standards defined herein. Unless otherwise specified, the latest versions of the referenced
3GPP and/or 3GPP2 documents shall be used. The EUT's A-GNSS receiver sensitivity will be the
minimum GNSS signal level that results in a passing result based on the relevant A-GNSS test
parameters defined herein.
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The test will determine the Total Isotropic Sensitivity (TIS), the Upper Hemisphere Isotropic Sensitivity
(UHIS) (theta = 0 to 90 degrees) and the Partial Isotropic GNSS Sensitivity (PIGS) (theta = 0 to 120
degrees) of the GNSS receiver. The TIS test procedure based on receive signal strength specified in
Section 6.15.4 will be used.

The test applies to both UE-based and UE-assisted A-GNSS devices. If both UE-based and UE-assisted
A-GNSS are supported by a device, then both modes will be tested unless otherwise specified.

This test will consist of the following measurements:

. Radiated 3D C/Ng pattern measurement
. Radiated A-GNSS sensitivity measurement
. Radiated A-GNSS intermediate channel degradation measurement

TIS, UHIS, and PIGS shall be fully measured as described in Section 6.13.2.1 and Section 6.13.3.1, and
calculated pursuant to Appendices B.3.3, B.3.5 and B.3.6. Test the EUT in all frequency bands and
cellular radio modes where the EUT supports A-GNSS and as defined herein (for example, A-GNSS
Over-the-Air performance would not be tested for 1xEV-DO since it is only defined for CDMA). In all
cases, the linearized C/Ng values shall be used in the calculations.

For both the full TIS test and the A-GNSS intermediate channel degradation test, head with hand
phantom and/or hand phantom testing shall be conducted based on device type, as specified in
Appendix O. Refer to Appendix C for head and hand testing requirements. Perform each test in all
functional use configurations, and with the EUT antenna extended and retracted, as applicable.

A-GNSS OTA testing shall be performed with the device configured in its normal operating state with
regards to the use of cellular diversity antennas.

When testing A-GNSS with different cellular radio modes used for assistance and with different operating
bands, the Alternate Test Procedure for TIS Single Point Offset Test in Section 6.15.1 may be used
except that the position/polarization that is used shall be the same position/polarization determined for
the A-GNSS sensitivity search. The Alternate Test Procedure for TIS Single Point Offset Test cannot be
used when a different physical radiator, or different aperture tuning of the antenna is used between the
reference cellular protocol/band and with the protocol/band being evaluated.

6.13.2 Radiated 3D C/N( Pattern Measurement

6.13.2.1 General

206

Devices supporting UE-assisted A-GNSS can perform this section, however devices supporting
UE-based A-GNSS only may not be able to perform this section. If a device supports both methods, then
the radiated 3D C/Ng pattern measurement may be limited to UE-assisted A-GNSS. The 3D C/Ng
pattern will then be used for determining the radiated GNSS performance for both UE-assisted and
UE-based A-GNSS. If a device only supports UE-based A-GNSS then the C/N data shall be stored in
the EUT's internal memory in the format specified in Section 6.15.4.4.1. Another alternative for a device
which only supports UE-based A-GNSS, is to enable UE-assisted A-GNSS or some other test mode to
perform the radiated 3D C/Ng pattern measurement. If used, the test mode shall allow for the exceptions
in the device firmware for UE-based tests as specified in the cellular radio mode test specifics in
Section 6.13.5.

The pattern data shall be determined by averaging Carrier-to-Noise (C/Ng) measurement of all visible
GNSS satellites for each measurement at each point on the sphere. The GNSS satellite simulator shall
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provide the number of satellites specified herein and each satellite vehicle shall be at the same power.
All C/Ny measurements shall be done with the GNSS engine in a tracking mode or by using individual
UE-assisted measurements. Orthogonal linear polarizations will be measured. For one measurement
report, the reported satellite C/Ng values shall be averaged. If it is necessary to obtain more
measurements to reduce uncertainty, repeat the measurement requests at the same position and
polarization and independently average the reported satellite C/Nj values for each measurement report.
After a sufficient number of measurement requests have been made, average the average results that
were obtained for each measurement request. Sufficient averaging shall be completed to ensure that the
uncertainty is less than the value included in the uncertainty budget. The C/Ng pattern measurements
shall be performed with any supported cellular radio mode using a low TX power to conserve battery
power and to minimize self-interference. The transmit power shall be guaranteed to be 10 dB or more
below the maximum TX power.

The C/Ng pattern data shall be linearized per the linearization method specified in Section 6.15.4.2.

Note that when the Alternate Test Procedure for TIS Single Point Offset Test can be and is used for
A-GNSS testing, the 3D C/Ng patterns do not need to be measured and the linearization step does not
need to be applied for other applicable operating bands and cellular radio modes.

6.13.2.2 A-GPS L1

The radiated 3D C/Ng pattern measurement shall be performed for A-GPS L1 (Assisted Global
Positioning System). The GPS satellite simulator shall implement the GPS L1 scenarios as defined in the
cellular radio mode test specifics in Section 6.13.5. The A-GPS L1 test parameters shall be as defined in
the cellular radio mode test specifics in Section 6.13.5.

6.13.2.3 A-GLONASS

The radiated 3D C/Ng pattern measurement does not have to be performed for A-GLONASS. Further
evaluation of A-GLONASS performance will utilize the A-GPS L1 radiated 3D C/N, pattern measurement
as determined in Section 6.13.2.2.

6.13.3 Radiated A-GNSS Sensitivity Measurement

6.13.3.1 General

The radiated A-GNSS sensitivity search shall be performed at the position/polarization where the peak
C/Ng value was obtained in the upper hemisphere. The EUT's A-GNSS receiver sensitivity will be the
minimum GNSS signal level that results in a passing result for the applicable A-GNSS Sensitivity test
specified herein. The maximum A-GNSS sensitivity search step size shall be no more than 0.5 dB when
the satellite vehicle power level is near the A-GNSS sensitivity level. The EUT shall be transmitting at
maximum power at the declared A-GNSS sensitivity level. The transmit power settings for maximum
power shall be as defined in the cellular radio mode test specifics in Section 6.13.5. In order to minimize
test time, the EUT measurements may be performed on a single call as long as each EUT measurement
report is the result of a separate request. The EUT is not required to be power cycled in between
measurements. When operating in UE-assisted, MS-Assisted, or UE-Based mode, the A-GNSS
information shall be cleared in between measurements regardless of technology and operating mode.
Refer to Appendix A for set-up illustrations.
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The radiated sensitivity tests for a particular band/antenna configuration should be performed without
disturbing the setup to minimize uncertainty in the sensitivity search. If the EUT will be disturbed during
the test, a corresponding uncertainty component shall be included in the uncertainty budget.

The conducted A-GNSS sensitivity of the EUT shall also be measured at the antenna connector, if
available. It is preferable that the EUT be the same as utilized for the TIS measurements. However, if
the EUT does not readily support an antenna port for conducted measurements, a separate modified
EUT may be provided for all conducted measurements. If no connector is available, the conducted
sensitivity measurement is not required. Ideally, the sensitivity measurement will be performed with the
same instrumentation in an equivalent configuration in order to minimize the measurement uncertainty
involved. A different sensitivity measurement device may be used as long as any differences in absolute
measurement accuracy are accounted for, either in corrections to the recorded sensitivity level or
increased reported measurement uncertainty for the conducted measurement. Refer to Appendix A.3 for
more information on conducted sensitivity measurements and cabling setups.

6.13.3.2 A-GPS L1

The radiated A-GPS L1 sensitivity measurement shall be performed at the position/polarization where
the peak C/Ng value was obtained in the upper hemisphere. The GPS satellite simulator shall implement
the GPS L1 scenarios as defined in the cellular radio mode test specifics in Section 6.13.5. The A-GPS
L1 test parameters shall be as defined in the cellular radio mode test specifics in Section 6.13.5.

6.13.3.3 A-GLONASS
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The radiated A-GLONASS sensitivity measurement shall be performed at the position/polarization where
the peak C/Ny value was obtained in the upper hemisphere during the radiated 3D C/Ng pattern
measurement for A-GPS L1 for one operating band in each cellular radio mode and in each usage mode
(BHHR, BHHL, HR, and HL) using the Alternate Test Procedure for TIS Single Point Offset Test specified
in Section 6.15.1. However, the Alternate Test Procedure for TIS Single Point Offset Test cannot be used
when a different physical radiator, or a different aperture tuning of the antenna is used between the
reference cellular protocol/band and with the protocol/band being evaluated. In the case with dynamically
tuned GNSS antennas as noted in Section 6.13.1, the A-GLONASS sensitivity measurement as defined
above shall be made in the same cellular radio mode and operating band as the full A-GPS L1 OTA
sensitivity measurement and the alternative pass/fail test specified in the steps below shall not be used.
The GLONASS satellite simulator shall implement the GLONASS scenarios as defined in the cellular
radio mode test specifics in Section 6.13.5. The A-GLONASS test parameters shall be as defined in the
cellular radio mode test specifics in Section 6.13.5.

For all other operating bands within the same cellular radio mode and usage mode (BHHR, BHHL, HR,
and HL), the following steps shall be performed.

1. Ensure that the chamber positioner(s) are positioned at the location & polarization where the
peak C/Ng value was obtained in the upper hemisphere during the radiated 3D C/N pattern
measurement for A-GPS L1. If the positioners have been moved since the A-GPS L1 OTA
sensitivity measurement, perform the A-GPS L1 sensitivity search immediately prior to the
A-GLONASS sensitivity search.

2. Note the downlink power level which corresponds to the EUT's peak radiated A-GPS L1
sensitivity as described in step 1 above, which will be referred to as A-GPS L1 EISpea,
reference band). Note the downlink power level which corresponds to the EUT’s peak radiated
A-GLONASS sensitivity as described in step 1 above, which will be referred to as
A-GLONASS EIS (peak, reference band)-
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3. Change to the test frequency associated with the next operating band for the cellular radio
mode in use and adjust the A-GLONASS signal level to the RF power level calculated by the
following formula:

EQUATION 6.25

A-GLONASS Signal Level (dBm) = A-GPS L1 EIS (peak. band under test) (dBM) +
A-GLONASS EIS (peak, reference band) (dBm) - A-GPS L1 EIS (peak, reference band) +3(dB)

4. Perform the A-GLONASS sensitivity procedure as defined in the cellular radio mode test
specifics in Section 6.13.5 with the exception that pass/fail will be determined at only the
A-GLONASS signal level calculated in step 3.

Repeat steps 3 and 4 for each remaining operating band for the cellular radio mode in use.
Repeat steps 1 through 5 for each remaining cellular radio mode in the existing usage mode.

Repeat steps 1 through 6 for each remaining usage mode (BHHR, BHHL, HR, and HL) based
on device type, as specified in Appendix O. Perform each test with the EUT antenna
extended and retracted, as applicable.

8. Report the pass/fail status of each measurement taken in step 4 above.

6.13.4 Radiated A-GNSS Intermediate Channel Degradation Measurement

6.13.4.1 General

209

Devices supporting UE-assisted A-GNSS can perform this section, however devices supporting
UE-based A-GNSS only may not be able to perform this section. If a device supports both methods, then
the radiated A-GNSS intermediate channel degradation measurement will be limited to UE-assisted
A-GNSS. In this case, the radiated A-GNSS intermediate channel degradation results will apply to both
UE-assisted and UE-based A-GNSS. If a device only supports UE-based A-GNSS then the C/N, data
shall be stored in the EUT's internal memory in the format specified in Section 6.15.4.4.1. Another
alternative for a device, which only supports UE-based A-GNSS, is to enable UE-assisted A-GNSS or
some other test mode to perform the radiated A-GNSS intermediate channel degradation measurement.
If used, the test mode shall allow for the exceptions in the device firmware for UE-based tests as
specified in the cellular radio mode test specifics in Section 6.13.5.

In addition to performing the sensitivity scan at the middle channel, the difference in sensitivity of the
GNSS receiver will be evaluated with the cellular transceiver active for all intermediate cellular channels.
This difference in sensitivity will be determined by measuring the difference in the radiated C/Ng at the
mid-channel and the radiated C/Ng result at each of the intermediate channels with the cellular
transmitter active at maximum power. This test will be called the A-GNSS intermediate channel
degradation test.

For this test, the radiated C/Ng shall be measured at the position/polarization where the peak C/Ny was
obtained in the upper hemisphere.

The C/Ng measurements for each band/antenna configuration should be performed without disturbing
the setup to minimize uncertainty in A-GNSS intermediate channel degradation test. If the EUT will be
disturbed during the test, a corresponding uncertainty component shall be included in the uncertainty
budget.

The basic test sequence for performing this A-GNSS intermediate channel degradation test is as follows:
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1. Set up the satellite simulator with the number of satellites specified for the radiated 3D C/Ng
pattern measurement at the same power. The GNSS satellite power and scenario shall be
set according to the recommendations in the cellular radio mode test specifics in
Section 6.13.5.

Enable a call using the appropriate cellular radio protocol.
Enable the GNSS engine.
Obtain a GNSS lock and start tracking.

Set the cellular radio channel to the middle channel and the transmit power level to maximum
power as defined in the cellular radio mode test specifics in Section 6.13.5.

ok wDnN

6.  Transmit the C/Nj of the visible GNSS satellites over the existing cellular radio link. Record
the average C/N( of the visible GNSS satellites. If additional C/Ny measurements are
required to minimize uncertainty, the measurements should be made prior to moving to the
next step. Calculate the average C/Ng (or average over repeated measurements of averages)
and linearize the result using the data from the earlier linearization process. If a multi-GNSS
scenario is being used, the C/Ny measurements associated with each GNSS shall be
considered separately. In the case where the pattern data is being re-used, only the satellite
C/Ng measurements for the GNSS associated with the pattern data shall be used when
determining the corrections necessary as part of the linearization process.

7. Change the cellular radio channel to a channel listed in Appendix K as applicable for the
corresponding cellular radio mode and operating band. It is up to the implementer to
determine how to change channels.

8.  Transmit the C/Ny of the visible GNSS satellites over the existing cellular radio link. Record
the average C/Ng of the visible GNSS satellites. If additional C/Ny measurements are
required to minimize uncertainty, the measurements should be made prior to moving to the
next step. Calculate the average C/Ng (or average over repeated measurements of averages)
and linearize the result using the data from the earlier linearization process. If a multi-GNSS
scenario is being used, the C/Ny measurements associated with each GNSS shall be
considered separately. In the case where the pattern data is being re-used, only the satellite
C/Ng measurements for the GNSS associated with the pattern data shall be used when
determining the corrections necessary as part of the linearization process.

9. Repeat steps 7 and 8 for each channel listed in Appendix K as applicable for the
corresponding cellular radio mode and operating band.

10. Repeat steps 5 through 9 for each cellular radio mode and operating band supported by the
EUT.

Alternatively, the C/Ny measurements defined above may be achieved by using the methodology defined
for the radiated 3D C/Ng pattern measurement defined in Section 6.13.2 except that transmit power level
will be set to maximum power. as defined in the cellular radio mode test specifics in Section 6.13.5.

The A-GNSS intermediate channel degradation is the difference between the linearized average C/Ng (or
average over repeated measurements of averages) with the transmitter at the mid-channel and the
lowest linearized average C/N, (or average over repeated measurements of averages) with the
transmitter at any intermediate channel (including the mid-channel). Therefore, the A-GNSS intermediate
channel degradation will always be zero or greater. Report the A-GNSS intermediate channel
degradation.

As specified above, the average Carrier-to-Noise (C/Ng) measurement of all visible GNSS satellites at
each instance in time will be used. Sufficient averaging over time of C/Ny measurements shall be
completed to ensure that the uncertainty is less than the value specified in the lab's uncertainty budget.

A-GNSS,cp = A-GNSS degradation due to intermediate channel jamming
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CNRpid-channel = Linearized C/Ng with the mid-channel
CNR pin 1c = minimum linearized C/Ng across all intermediate cellular channels

A-GNSS cp = CNRpjg.channel = CNR min i1c (in dB)

6.13.4.2 A-GPS L1

The radiated A-GPS L1 intermediate channel degradation measurement shall be performed at the
position/polarization where the peak C/Nj value was obtained in the upper hemisphere. The GPS
satellite simulator shall implement the GPS L1 scenarios as defined in the cellular radio mode test
specifics in Section 6.13.5. The A-GPS L1 test parameters shall be as defined in the cellular radio mode
test specifics in Section 6.13.5.

6.13.4.3 A-GLONASS

The radiated A-GLONASS intermediate channel degradation measurement shall be performed at the
position/polarization where the peak C/NO value was obtained in the upper hemisphere during the
radiated 3D C/N pattern measurement for A-GPS L1. The GNSS satellite simulator shall implement the
multi-GNSS (A-GPS L1 and A-GLONASS) scenario as defined in the cellular radio mode test specifics in
Section 6.13.5. The multi-GNSS test parameters shall be as defined in the cellular radio mode test
specifics in Section 6.13.5. Since a multi-GNSS scenario is being used, the C/Ny measurements
associated with each GNSS shall be considered separately (A-GLONASS SVs need to be averaged
separately from A-GPS L1 SVs). Since the pattern data is being re-used from GPS L1, only the satellite
C/Ng measurements for GPS L1 shall be used when determining the corrections necessary as part of the
linearization process. The same offset determined by the linearization process shall be used to linearize
the A-GLONASS results. The final A-GLONASS ICD result shall only include the measurements made
on the A-GLONASS satellite vehicles.

6.13.5 Cellular Radio Mode Test Specifics

6.13.5.1 CDMA

6.13.5.1.1 A-GNSS Testing for CDMA: General

21

A-GNSS Receiver Sensitivity measurements shall be performed using test equipment that supports
TIA-916 A-GPS L1 Accuracy and A-GPS L1 Sensitivity testing. In order to minimize test time, the EUT
measurements may be performed on a single call as long as each EUT measurement report is the result
of a separate request from the PDE (Position Determination Entity). In other words, the EUT would not
be required to be power cycled and would not be required to have the A-GNSS information specifically
cleared as per TIA-916 since the position capability utilized by the EUT during the test is MS-Assisted
(Mobile Station Assisted). Refer to Appendix A for set-up illustrations.

The CDMA test channel for Cellular Band shall be channel 384. The CDMA test channel for PCS Band
shall be channel 600. The CDMA test channel for AWS-1 Band shall be channel 450.
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For the tests that operate at maximum output power, Closed-Loop Power Control shall be set to All Up
bits.

For the tests that do not operate at maximum output power such as the radiated 3D C/Ng pattern
measurement, it is up to the implementer to set the Closed Loop Power Control such that the
requirement specified can be met.

The radiated A-GNSS intermediate channel degradation measurements shall be made at the
intermediate channels defined in Appendix K.1.

6.13.5.1.2 A-GPS L1 Test Procedure for CDMA

For the A-GPS L1 radiated 3D C/Ng pattern measurement and the A-GPS L1 intermediate channel
degradation measurement, the C/Ny measurements will be obtained from the TIA-916 A-GPS L1
accuracy test. The A-GPS L1 radiated 3D C/Ng pattern measurements and the A-GPS L1 intermediate
channel degradation measurements shall be performed with Radio Configuration 1, 2, or 3, Service
Option 1, 2, 3, 17, or 55.

The A-GPS L1 radiated receiver sensitivity measurements shall utilize the TIA-916 sensitivity test with
the exception that the C/Ngy Sigma 1 and Sigma 2 errors are ignored. The A-GPS L1 radiated receiver
sensitivity measurements shall be performed with Radio Configuration 1 or 2, Service Option 3.

6.13.5.1.3 A-GLONASS Test Procedure for CDMA

A-GLONASS for CDMA is not required.

6.13.5.2 UMTS

6.13.5.2.1 A-GNSS Testing for UMTS: General

The following table specifies the mid-channel test channels for UMTS and the settings to be used when
transmitting at the maximum UE output power.

TABLE 6-11 MAXIMUM TX POWER SETTINGS AND MID-CHANNEL TEST CHANNELS FOR UMTS

Band Power setting Test Channel
UMTS 850 All “up power TX: 4183, RX: 4408
commands
UMTS 1900 All “up power TX: 9400, RX: 9800
commands
UMTS 2100/1700 All “up power TX: 1413, RX: 1638
commands
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6.13.5.2.2

For the tests that do not operate at maximum UE output power such as the radiated 3D C/Ng pattern
measurement, it is up to the implementer to set the UE transmit power such that the requirement
specified can be met.

The radiated A-GNSS intermediate channel degradation measurements shall be made at the
intermediate channels defined in Appendix K.3.

A-GPS L1 Test Procedure for UMTS

213

For the A-GPS L1 radiated 3D C/Ng pattern measurement and the A-GPS L1 intermediate channel
degradation measurement, the GPS L1 satellite simulator shall implement GPS L1 Scenario #1 as
defined in Version 8.2.0 of 3GPP TS 34.108 Section 10.1.2.1. The scenario shall be reset before the
initial satellites become not visible. The scenario shall be executed as required in Section 5.3 of Version
7.1.0 of 3GPP TS 34.171 except that random errors shall not be applied to the UE locations and the
alternating locations requirement shall not be implemented. Early delivery of Acquisition Assistance Data
and Reference Time Data may be provided to the EUT and a Voice Call or Supplemental Service Call
shall be used for the wireless connection. The supplemental service call shall be in accordance with the
defined 3GPP standards and shall support a circuit switched connection for normal device operation
(3GPP test mode and/or data loopback calls are not allowed).

For a device which only supports UE-based A-GNSS and utilizes the test mode identified in
Section 6.13.2.1 and Section 6.13.4.1, the test mode shall allow for the following exceptions in the device
firmware for UE-based tests:

. Measurement Report Message (RRC): As referenced in TS 25.331 v8.2 Section
10.3.7.99, both “UE Positioning position estimate info” and “UE positioning GPS L1
measured results” IEs shall be included.

The A-GPS L1 radiated receiver sensitivity measurements shall be performed using the A-GPS L1 test
parameters in Table 6-12, which are based on version 7.1.0 of the 3GPP TS 34.171 test scenario 5.2.1.5
except for the modifications herein. This test scenario basically determines the A-GPS L1 sensitivity in
acquisition mode with assistance using the control plane. GPS L1 assistance using control plane will be
used for all A-GPS L1 TIS testing for UMTS.

TABLE 6-12 A-GPS L1 TEST PARAMETERS FOR UMTS

Test Parameter Description

Test Parameter Settings

Number of satellites 8
HDOP range 1.1t01.6
Propagation conditions AWGN
GPS L1 time assistance Coarse, + 1.8 seconds
Phone response time 20s

Acceptable response time to
network

20.3 seconds

Success rate

95 successful fixes with the
necessary accuracy out of 100
attempts (95%)

Position accuracy

101.3 m

© 2001 - 2021 CTIA Certification. All Rights Reserved.




Test Plan Version 3.9.2

Note that the satellite power levels for the sensitivity test are such that there will be one satellite, which
transmits 5 dB higher than the other satellites. The reported sensitivity level will be based on the power
of the weaker satellites. The 1 dB test tolerance or test parameter relaxation for the absolute GPS L1
signal level in Table F.4.1 of Version 7.1.0 of 3GPP TS 34.171 shall not be used in reporting the
sensitivity measurement results. The above clarification means that passing the requirements of Version
7.1.0 of 3GPP TS 34.171, as modified in Table 6-12 above, at signal levels -141 dBm and -146 dBm will
lead to a sensitivity level report of -146 dBm, rather than -147 dBm.

For A-GPS L1 radiated receiver sensitivity measurements, the GPS L1 satellite simulator shall
implement GPS L1 Scenario #1 as defined in Version 8.2.0 of 3GPP TS 34.108 Section 10.1.2.1. The
scenario shall be reset before the viable running time expires as defined in the same clause. The
scenario shall be executed as required in Section 5.2.1 of Version 7.1.0 of 3GPP TS 34.171 except that
random errors shall not be applied to the UE locations and the alternating locations requirement shall not
be implemented. Early delivery of Acquisition Assistance Data and Reference Time Data may be
provided to the EUT and a Voice Call or Supplemental Service Call shall be used for the wireless
connection. The supplemental service call shall be in accordance with the defined 3GPP standards and
shall support a circuit switched connection for normal device operation (3GPP test mode and/or data
loopback calls are not allowed).

6.13.5.2.3 A-GLONASS Test Procedure for UMTS

A-GLONASS OTA for UMTS is not required.

6.13.5.3 GSM

6.13.5.3.1 A-GNSS Testing for GSM: General

214

The following table specifies the mid-channel test channels for GSM and the settings to be used when
transmitting at the maximum UE output power.

TABLE 6-13 MAXIMUM TX POWER SETTINGS AND MID-CHANNEL TEST CHANNELS FOR GSM

Protocol/Band Power Setting Test Channel
GSM 850 Select PCL from Table 5-6 190
GSM 1900 Select PCL from Table 5-7 661

For the tests that do not operate at maximum UE output power such as the radiated 3D C/Ng pattern
measurement, it is up to the implementer to set the UE transmit power such that the requirement
specified can be met.

The radiated A-GNSS intermediate channel degradation measurements shall be made at the
intermediate channels defined in Appendix K.2.
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6.13.5.3.2 A-GPS L1 Test Procedure for GSM

215

For the A-GPS L1 radiated 3D C/Ng pattern measurement and the A-GPS L1 intermediate channel
degradation measurement, the GPS L1 satellite simulator shall implement GPS L1 Scenario #1 as
defined in Version 8.2.0 of 3GPP TS 34.108 Section 10.1.2.1. The scenario shall be reset before the
initial satellites become not visible. The scenario shall be executed as required in Section 70.11.6 of
Version 8.3.0 of 3GPP TS 51.010-1 except that random errors shall not be applied to the UE locations
and the alternating locations requirement shall not be implemented. Early delivery of Acquisition
Assistance Data and Reference Time Data may be provided to the EUT and a Voice Call or
Supplemental Service Call shall be used for the wireless connection. The supplemental service call shall
be in accordance with the defined 3GPP standards and shall support a circuit switched connection for
normal device operation (3GPP test mode and/or data loopback calls are not allowed).

For a device which only supports UE-based A-GNSS and utilizes the test mode identified in
Section 6.13.2.1 and Section 6.13.4.1, the test mode shall allow for the following exceptions in the device
firmware for UE-based tests:

. Measure Position Response Message (RRLP): As referenced in TS 44.031 Section 4.2,
both “locationInfo” and “gps-Measurelnfo” IEs shall be included.

The A-GPS L1 radiated receiver sensitivity measurements shall be performed using the A-GPS L1 test
parameters in Table 6-14, which are based on Version 8.3.0 of 3GPP TS 51.010-1 Test Scenario
70.11.5.1 for GSM, except for the modifications herein. This test scenario basically determines the
A-GPS L1 sensitivity in acquisition mode with assistance using the control plane. GPS L1 assistance
using control plane will be used for all A-GPS L1 TIS Testing for GSM.

TABLE 6-14 A-GPS L1 TEST PARAMETERS FOR GSM

Test Parameter Description Test Parameter Settings
Number of satellites 8
HDOP range 1.1t01.6
Propagation conditions AWGN
GPS L1 time assistance Coarse, + 1.8 seconds
Phone response time 16 s
Acceptable response time to network 20.3
95 successful fixes with the
Success rate necessary accuracy out of 100
attempts (95%)
Position accuracy 101.3 m

Note that the satellite power levels for the sensitivity test are such that there will be one satellite, which
transmits 5 dB higher than the other satellites. The reported sensitivity level will be based on the power
of the weaker satellites. The 1 dB test tolerance or test parameter relaxation for the absolute GPS L1
signal level in Table 5.5.4.1 of Version 8.3.0 of 3GPP TS 51.010-1 shall not be used in reporting the
sensitivity measurement results. The above clarification means that passing the requirements of Version
8.3.0 of 3GPP TS 51.010-1, as modified in Table 6-14 above, at signal levels -141 dBm and -146 dBm
will lead to a sensitivity level report of -146 dBm, rather than -147 dBm.
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For A-GPS L1 radiated receiver sensitivity measurements, the GPS L1 satellite simulator shall
implement GPS L1 Scenario #1 as defined in Version 8.2.0 of 3GPP TS 34.108 Section 10.1.2.1. The
scenario shall be reset before the viable running time expires as defined in the same clause. The
scenario shall be executed as required in Section 70.11.5.1 of Version 8.3.0 of 3GPP TS 51.010-1 except
that random errors shall not be applied to the UE locations and the alternating locations requirement
shall not be implemented. Early delivery of Acquisition Assistance Data and Reference Time Data may
be provided to the EUT and a Voice Call or Supplemental Service Call shall be used for the wireless
connection. The supplemental service call shall be in accordance with the defined 3GPP standards and
shall support a circuit switched connection for normal device operation (3GPP test mode and/or data
loopback calls are not allowed).

6.13.5.3.3 A-GLONASS Test Procedure for GSM

A-GLONASS OTA for GSM is not required.

6.13.5.4 LTE

6.13.5.4.1 LTE A-GNSS Testing: General

216

A-GNSS Receiver Sensitivity measurements shall be performed using test equipment that supports the
relevant portions of 3GPP TS 37.571. Unless otherwise specified, the latest versions of the referenced
3GPP documents shall be used.

A-GNSS testing for LTE Devices will use either User Plane or Control Plane Positioning procedures. The
use of User Plane positioning procedures is a deviation from A-GNSS for WCDMA/GSM/CDMA device
testing which used Control Plane positioning procedures. Testing is only required in either User Plane or
Control Plane and the positioning procedure used for test shall be selected by the manufacturer. The
selection should be made with input from the target operators. In the absence of operator input, then
User Plane Positioning procedures should be used.

When utilizing User Plane Positioning procedures, A-GNSS for LTE devices will be tested using the
Open Mobile Alliance (OMA) Secure User Plane (SUPL) 2.0 protocol defined in
OMA-AD-SUPL-V2_0-20110527-C. RRLP or LPP can be used as the underlying positioning protocol for
SUPL 2.0 over the LTE default bearer.

When utilizing User Plane Positioning procedures, the test applies to LTE devices supporting either
RRLP or LPP positioning protocol. The test requires that the device support SUPL 2.0 as the User Plane
protocol. If the device supports both RRLP and LPP positioning protocols, either one of these could be
used during the test. When utilizing User Plane Positioning procedures, the test only applies to
UE-assisted A-GNSS procedures. UE-based A-GNSS testing is not required.

When utilizing Control Plane Positioning procedures, A-GNSS for LTE devices will be tested using the
LPP positioning protocol necessary for testing the Control Plane based tests in 3GPP TS 37.571-1 over
the LTE default bearer. When utilizing Control Plane Positioning procedures, the test applies to both
UE-based and UE-assisted A-GNSS devices. If both UE-based and UE-assisted A-GNSS is supported
by a device, then both modes will be tested.

The same positioning procedures and positioning protocol shall be used for the reference mode testing
(A-GPS L1) and the additional GNSS mode testing (A-GLONASS, etc.).
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Table 6-15 specifies the mid-channel test channels and UL and DL allocations for LTE except where
specified herein.

TABLE 6-15 MiD-BAND TEST CHANNEL SETTINGS FOR LTE
X RX
Channel Frequency Frequency
Band Ba(nhﬁkvlvzit):lth TX Channel [ct(anrqur)of Al?ol;.:gt?an RX Channel [cgrqtzzr)of AIIIJOI::;iBon
TX channel RX channel
bandwidth]1 bandwidth]
22 10 18900 1880 ?thzr"t”fg 900 1960 ?;)B'Zz r\ﬂtg
8 10 20175 17325 | S9R° Wb 2175 21325 | S9RBw
54 10 20525 8365 | 2o 2525 881.5 P
7 20 21100 2535 FZSBSS rt"i'g; 3100 2655 13?332 rt“;i(t)h
1256 5 23035 7015 | 29R5 W 5035 7315 Fna
1256 5 23095 7075 | ORE W 5095 737.5 R
13 10 23230 782 15822:38 5230 751 558'22 r‘:’fg
14 10 23330 793 15822:38 5330 763 558'22 r‘:’fg
175 10 23790 710 ég;aB rt"f;:) 5790 740 ?;)B'zg r‘:’fg
252 5 26365 18825 | ZoR° Wil 8365 19625 | 2R8I
26* 5 26865 8315 | RS w 8865 876.5 R
30 10 27710 2310 éSB;aB rt"i'g; 9820 2355 558'22 r‘:’fg
41 20 40620 2593 1(\)/3:;8 40620 2593 13%';2 rt"f(t)h
RBstart=0
48 10 55990 3625 o | 55990 3625 e
66° 10 132322 1745 o | eerse 2145 e
70 15 133047 1702.41 EB';Bar"tvfg 68411 2002.5 7;’8'22 r"tvz'tg

© 2001 - 2021 CTIA Certification. All Rights Reserved.




Test Plan Version 3.9.2

TABLE 6-15 MID-BAND TEST CHANNEL SETTINGS FOR LTE
TX RX
Frequency Frequency
Channel
t (MHz) UL RB (MHz) DL RB
Band Bar;\ﬁ:lvzldth TX Channel [center of Allocation RX Channel [center of Allocation
( ) TX channel RX channel
bandwidth]' bandwidth]
25 RB with 50 RB with
71 10 133297 680.5 Rbstart=0 68761 634.5 RBstart=0
Note 1: The frequencies listed in this table are the center of the channel bandwidth and not the center of the RB

Note 2:

allocation.
If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25.

Note 3: If the device supports Band 4 and Band 66, then testing is only required to be completed in Band 66.

Note 4:
Note 5:

If the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26.
If the device supports Band 12 and Band 17, then testing is only required to be completed in Band 12.

Note 6: Testing is only required on either the low or mid channel in Band 12, and the test channel shall be selected by the

manufacturer. The selection should be made with input from the target operators. In the absence of operator
input, then the mid channel should be used. When the low channel is used, the GPS L1 intermediate channel
degradation tests are required for the remaining channels in Table K-7. If testing is done for both low and mid
channels, then the GPS L1 intermediate channel degradation test is only required for the remaining channels in
Table K-7.

6.13.5.4.2

For the tests that operate at maximum output power, the UE transmit power shall be set to the maximum
by sending continuous uplink power control “up” commands in every uplink scheduling information to the
UE and allowing at least 200ms for the UE to reach its maximum level. As the 3GPP reference does not
make any mention of p-Max, nor is p-Max included in the default message content defined in 3GPP TS
36.508, p-Max shall not be signaled during attach procedures or during measurements.

For the tests that do not operate at maximum output power such as the radiated 3D C/N; pattern
measurement, it is up to the implementer to utilize UE power control such that the requirement specified
can be met.

The radiated A-GNSS intermediate channel degradation measurements shall be made at the
intermediate channels defined in Appendix K.4.

Note: Head-adjacent testing is only required for LTE if the EUT supports usage against the head in this
mode (e.g., VoIP).

A-GPS L1 Test Procedure for LTE

218

For the A-GPS L1 radiated 3D C/Ng pattern measurement and the A-GPS L1 intermediate channel
degradation measurement, the GPS L1 satellite simulator shall implement GNSS Scenario #1 as defined
in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated for 3GPP TS 37.571-1 subclause 7,
sub-test 1. The scenario shall be reset before the initial satellites become not visible. The scenario shall
be executed as required in Section 7.2 Sub-Test Number 1 of 3GPP TS 37.571-1 except that random
errors shall not be applied to the UE locations and the alternating locations requirement shall not be
implemented. Early delivery of Acquisition Assistance Data and Reference Time Data may be provided to
the EUT and the default EPS bearer shall be used for the wireless connection to establish the SUPL 2.0
or Control Plane session.

For a device which only supports UE-based A-GPS L1 and utilizes the test mode identified in
Section 6.13.2.1 and Section 6.13.4.1, the test mode shall allow for the following exceptions in the device
firmware for UE-based tests:
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. Provide Location Information (LPP): In the A-GNSS-ProvidelLocationInformation IE of the
LPP Provide Location Information message as referenced in TS 36.355 Section 6.5.2.5,
both “gnss-SignalMeasurementinformation” and “gnss-Locationinformation” shall be
included.

The A-GPS L1 radiated receiver sensitivity measurements will be performed for the LTE bands, channel
numbers, and the allocations specified in Table 6-15 with the following exceptions. For LTE Band 13, the
device shall be tested with an UL RB allocation of 12 RBs with an RBstart of 38 and with an UL RB
allocation of 1 RB with an RBstart of 49 as opposed to the UL allocation specified in Table 6-15. For LTE
Band 14, the device shall be tested with an UL RB allocation of 12 RBs with an RBstart of 0 and with an
UL RB allocation of 1 RB with an RBstart of 0 as opposed to the UL allocation specified in Table 6-15. If
the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25. If the
device supports Band 26 and Band 5, then testing is only required to be completed in Band 26. If the
device supports Band 12 and Band 17, then testing is only required to be completed in Band 12. If the
device supports Band 4 and Band 66, then testing is only required to be completed in Band 66. For
devices that support transmitter antenna switching, the sensitivity search in Band 13 and Band 14 and
the calculation of TIS, UHIS, and PIGS shall be performed with the transmitter connected to each
transmit antenna independently. TIS, UHIS, and PIGS results shall be provided for both transmit
antennas. Results shall pass for both transmit antennas or the test for Band 13/Band 14 shall be failed.

When submitting a device for LTE A-GPS L1 testing, the device manufacturer shall include a declaration
statement that identifies one of the following options to define the testing to be performed by the test lab:

Option 1: LTE A-GPS L1 testing is performed without the presence of SIB8 and SIB16 for all LTE bands.
Option 2: LTE A-GPS L1 testing is performed using the logic below:
1>If the device supports SIB8 or SIB16 for A-GPS L1 demodulation performance:

2>If the device supports both SIB8 and SIB16 for A-GPS L1 demodulation
performance:

3>If the device supports both LTE and CDMA:
4>Execute testing in all bands using SIB8.

3>Else (i.e. the device is LTE only or the device supports only LTE and
legacy 3GPP modes):

4>Execute testing in all bands using SIB16.
2>Else:
3>If the device supports SIB8 only:
4>Execute testing in all bands using SIB8.
3>If the device supports SIB16 only:
4>Execute testing in all bands using SIB16.
1>Else
2>Execute testing in all bands without SIB8 or SIB16 present.

Option 3: LTE A-GPS L1 testing is performed without the presence of SIB8 and SIB16 for all LTE bands.
For a subset of LTE bands selected by the device manufacturer, the sensitivity search and
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TIS/UHIS/PIGS calculations are repeated with SIB8 and/or SIB16 in accordance with the logic in Option
2. The selection of LTE bands for SIB8 and SIB16 testing should be made with input from the target
operators.

Radiated Sensitivity Measurement without SIB8/SIB16:

The A-GPS L1 radiated receiver sensitivity measurements shall be performed using the A-GPS L1 test
parameters in Table 6-16, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test Number
1 except for modifications herein.

TABLE 6-16 A-GPS L1 TEST PARAMETERS FOR LTE

Test Parameter Description Test Parameter Settings

Number of satellites 8
HDOP range 1.1t01.6
Propagation conditions AWGN
GPS L1 time assistance Coarse, +2s
Phone response time 20 seconds for LPP
16 seconds for RRLP

Acceptable response time to network

20.3 seconds

95 successful fixes with the necessary accuracy
out of 100 attempts (95%)

101.3 m

Success rate

Position accuracy

Note that the satellite power levels for the sensitivity test are such that there will be one satellite, which
transmits 5 dB higher than the other satellites. The reported sensitivity level will be based on the power
of the weaker satellites. The 1 dB test tolerance or test parameter relaxation for the absolute GPS L1
signal level in C.2.1 in 3GPP TS 37.571-1 shall not be used in reporting the sensitivity measurement
results. The above clarification means that, at signal levels -141 dBm and -146 dBm will lead to a
sensitivity level report of -146 dBm, rather than -147 dBm. For Control Plane testing, the GPS L1 engine
shall be cold started for every location attempt.

For A-GPS L1 radiated receiver sensitivity measurements, the GPS L1 satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 1. The scenario shall be reset before the viable running time
expires as defined in the same clause. The scenario shall be executed as required in Section 7.1.1
Sub-Test Number 1 of 3GPP TS 37.571-1 except that random errors shall not be applied to the UE
locations and the alternating locations requirement shall not be implemented. Early delivery of
Acquisition Assistance Data and Reference Time Data may be provided to the EUT and the SUPL 2.0 or
Control Plane Positioning session shall be used over the wireless data connection.

Radiated Sensitivity Measurement with SIB8/SIB16:

The A-GPS L1 radiated receiver sensitivity measurements shall be performed using the A-GPS L1 test
parameters in Table 6-16, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test Number
1, and with the exceptions below:

1. All satellite power levels shall be set to the same power level.

2. The network emulator shall broadcast SIB8 (including the fields and settings shown below) or
SIB16 (including all mandatory and optional fields). UTC Time in SIB16 and CDMA system
time in SIB8 shall be synchronized to within +/- 100ns of GPS L1 time.
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sib8

systemTimeInfo

{

cdma-EUTRA-Synchronisation TRUE,
cdma-SystemTime synchronousSystemTime : 'XXXXXXXX

KAXXXKXKK XXXXXXXK KXXXXXXX XXXXXXX'

}I
searchWindowSize 8,

parameterslXRTT

{
b

csfb-SupportForDualRxUEs-r9 TRUE

}

All satellite power levels for the sensitivity test shall be set to the same power level. The 1 dB test
tolerance or test parameter relaxation for the absolute GPS L1 signal level in C.2.1 in 3GPP TS 37.571-1
shall not be used in reporting the sensitivity measurement results. The above clarification means that, a
signal level -146 dBm will lead to a sensitivity level report of -146 dBm, rather than -147 dBm. For Control
Plane testing, the GPS L1 engine shall be cold started for every location attempt.

For A-GPS L1 radiated receiver sensitivity measurements, the GPS L1 satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 1 with the exceptions noted above. The scenario shall be
reset before the viable running time expires as defined in the same clause. The scenario shall be
executed as required in Section 7.1.1 Sub-Test Number 1 of 3GPP TS 37.571-1 except that random
errors shall not be applied to the UE locations and the alternating locations requirement shall not be
implemented. Early delivery of Acquisition Assistance Data and Reference Time Data may be provided to
the EUT and the SUPL 2.0 or Control Plane Positioning session shall be used over the wireless data
connection.

6.13.5.4.3 A-GLONASS for LTE
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For the A-GLONASS intermediate channel degradation measurement, the GNSS satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 5. The usage of GNSS Scenario #1 is predicated from the
desire to test A-GNSS performance without any satellite-based augmentation system (SBAS) in use or
without any assumption of QZSS support in the UE. The scenario shall be reset before the initial
satellites become not visible. The scenario shall be executed as required in Section 7.2 Sub-Test
Number 5 of 3GPP TS 37.571-1 except that the reference signal power level for all satellites shall be

© 2001 - 2021 CTIA Certification. All Rights Reserved. CTIA

Certification




Test Plan Version 3.9.2

222

-130 dBm for GPS L1 and GLONASS, random errors shall not be applied to the UE locations, and the
alternating locations requirement shall not be implemented. Early delivery of Acquisition Assistance Data
and Reference Time Data may be provided to the EUT and the default EPS bearer shall be used for the
wireless connection to establish the SUPL 2.0 or Control Plane session.

For a device which only supports UE-based A-GNSS and utilizes the test mode identified in
Section 6.13.2.1 and Section 6.13.4.1, the test mode shall allow for the following exceptions in the device
firmware for UE-based tests:

. Provide Location Information (LPP): In the A-GNSS-ProvidelLocationInformation IE of the
LPP Provide Location Information message as referenced in TS 36.355 Section 6.5.2.5,
both “gnss-SignalMeasurementinformation” and “gnss-Locationinformation” shall be
included.

The A-GLONASS radiated receiver sensitivity measurements will be performed for the LTE bands,
channel numbers, and the allocations specified in Table 6-15 with the following exceptions: For LTE Band
13, the device shall be tested with an UL RB allocation of 12 RBs with an RBstart of 38 and with an UL
RB allocation of 1 RB with an RBstart of 49 as opposed to the UL allocation specified in Table 6-15. For
LTE Band 14, the device shall be tested with an UL RB allocation of 12 RBs with an RBstart of 0 and with
an UL RB allocation of 1 RB with an RBstart of 0 as opposed to the UL allocation specified in Table 6-15.
If the device supports Band 25 and Band 2, then testing is only required to be completed in Band 25. If
the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26. If the
device supports Band 12 and Band 17, then testing is only required to be completed in Band 12. If the
device supports Band 4 and Band 66, then testing is only required to be completed in Band 66. For
devices that support transmitter antenna switching, the sensitivity search in Band 13 and Band 14 and
the calculation of TIS, UHIS, and PIGS shall be performed with the transmitter connected to each
transmit antenna independently. TIS, UHIS, and PIGS results shall be provided for both transmit
antennas. Results shall pass for both transmit antennas or the test for Band 13/Band 14 shall be failed.

When submitting a device for LTE A-GNSS testing, the device manufacturer shall include a declaration
statement that identifies one of the following options to define the testing to be performed by the test lab:

When submitting a device for LTE A-GNSS testing, the device manufacturer shall include a declaration
statement that identifies one of the following options to define the testing to be performed by the test lab:

Option 1: LTE A-GNSS testing is performed without the presence of SIB8 and SIB16 for all LTE bands.
Option 2: LTE A-GNSS testing is performed using the logic below:
1>If the device supports SIB8 or SIB16 for A-GNSS demodulation performance:

2>If the device supports both SIB8 and SIB16 for A-GNSS demodulation
performance:

3>If the device supports both LTE and CDMA:
4>Execute testing in all bands using SIB8.

3>Else (i.e. the device is LTE only or the device supports only LTE and
legacy 3GPP modes):

4>Execute testing in all bands using SIB16.
2>Else:

3>If the device supports SIB8 only:

© 2001 - 2021 CTIA Certification. All Rights Reserved.



Test Plan Version 3.9.2

223

4>Execute testing in all bands using SIB8.
3>If the device supports SIB16 only:
4>Execute testing in all bands using SIB16.
1>Else
2>Execute testing in all bands without SIB8 or SIB16 present.

Option 3: LTE A-GNSS testing is performed without the presence of SIB8 and SIB16 for all LTE bands.
For a subset of LTE bands selected by the device manufacturer, the sensitivity search and
TIS/UHIS/PIGS calculations are repeated with SIB8 and/or SIB16 in accordance with the logic in Option
2. The selection of LTE bands for SIB8 and SIB16 testing should be made with input from the target
operators.
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Radiated Sensitivity Measurement without SIB8/SIB16:

The A-GLONASS radiated receiver sensitivity measurements shall be performed using the A-GLONASS
test parameters in Table 6-17, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test
Number 5 except for modifications herein.

TABLE 6-17 A-GLONASS TEST PARAMETERS FOR LTE

Test Parameter Description

Test Parameter Settings

Number of satellites 6
HDOP range 1.4 to 2.1
Propagation conditions AWGN
GNSS time assistance Coarse, +2s
Phone response time 20 seconds for LPP
16 seconds for RRLP

Acceptable response time to

20.3 seconds
network

95 successful fixes with the
necessary accuracy out of 100
attempts (95%)

101.3 m

Success rate

Position accuracy

As the A-GLONASS radiated receiver sensitivity measurements are based on a multi-GNSS sub-test,
the GLONASS signal power levels need particular treatment compared to the GPS L1 signal power
levels. Therefore, the reference signal power level for all GLONASS satellite power levels shall be equal
to the power level of the weaker GPS L1 satellites so that there are no GLONASS satellites which are
transmitted at a higher signal level. During this test, the GPS L1 satellite power levels are set such that
there will be one satellite, which transmits 5 dB higher than the other GPS L1 satellites. The reported
A-GLONASS sensitivity level will be based on the power of the weaker satellites. The 1 dB test tolerance
or test parameter relaxation for the absolute GNSS signal level in C.2.1 in 3GPP TS 37.571-1 shall not
be used in reporting the sensitivity measurement results. The above clarification means that, at signal
levels -141 dBm or -146 dBm will lead to a sensitivity level report of -146 dBm, rather than -147 dBm. For
Control Plane testing, the GNSS engine shall be cold started for every location attempt.

For A-GLONASS radiated receiver sensitivity measurements, the GNSS satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 5. The scenario shall be reset before the viable running time
expires as defined in the same clause. The scenario shall be executed as required in Section 7.1.1
Sub-Test Number 5 of 3GPP TS 37.571-1 except that random errors shall not be applied to the UE
locations and the alternating locations requirement shall not be implemented. Early delivery of
Acquisition Assistance Data and Reference Time Data may be provided to the EUT and a SUPL 2.0 or
Control Plane Positioning session shall be used over the wireless data connection.

Radiated Sensitivity Measurement with SIB8/S1B16:

The A-GLONASS radiated receiver sensitivity measurements shall be performed using the A-GLONASS
test parameters in Table 6-17 which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test
Number 5, and with the exceptions below:
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All GNSS satellite power levels shall be set to the same power level.

2. The network emulator shall broadcast SIB8 (including the fields and settings shown below) or
SIB16 (including all mandatory and optional fields). UTC Time in SIB16 and CDMA system
time in SIB8 shall be synchronized to within +/- 100ns of GPS L1 time.

sib8

systemTimeInfo

{

cdma-EUTRA-Synchronisation TRUE,
cdma-SystemTime synchronousSystemTime : 'XXXXXXXX

KAXXXXKXKK XAXXXXXK KXXXXXKKX XXXXXXX'

searchWindowSize 8,

parameterslXRTT

{
b

csfb-SupportForDualRxXUEs-r9 TRUE

}

As the A-GLONASS radiated receiver sensitivity measurements are based on a multi-GNSS sub-test,
the GLONASS signal power levels need particular treatment compared to the GPS L1 signal power
levels. Therefore, the reference signal power level for all GLONASS satellite power levels shall be equal
to the power level of the GPS L1 satellites so that there are no GLONASS satellites which are
transmitted at a higher signal level, i.e. all GPS L1 and GLONASS satellite power levels shall be set to
the same power level. The 1 dB test tolerance or test parameter relaxation for the absolute GNSS signal
level in C.2.1 in 3GPP TS 37.571-1 shall not be used in reporting the sensitivity measurement results.
The above clarification means that, a signal level of -146 dBm will lead to a sensitivity level report of -146
dBm, rather than -147 dBm. For Control Plane testing, the GNSS engine shall be cold started for every
location attempt.

For A-GLONASS radiated receiver sensitivity measurements, the GNSS satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 5. The scenario shall be reset before the viable running time
expires as defined in the same clause. The scenario shall be executed as required in Section 7.1.1
Sub-Test Number 5 of 3GPP TS 37.571-1 except that random errors shall not be applied to the UE
locations and the alternating locations requirement shall not be implemented. Early delivery of
Acquisition Assistance Data and Reference Time Data may be provided to the EUT and a SUPL 2.0 or
Control Plane Positioning session shall be used over the wireless data connection.

225 © 2001 - 2021 CTIA Certification. All Rights Reserved. CTIA

Certification




Test Plan Version 3.9.2

6.13.5.5 LTE Category M1

6.13.5.5.1

LTE Category M1 A-GNSS Testing: General

A-GNSS Receiver Sensitivity measurements shall be performed using test equipment that supports the
relevant portions of 3GPP TS 37.571. Unless otherwise specified, the latest versions of the referenced
3GPP documents shall be used.

A-GNSS testing for LTE Cat-M1 Devices will use either User Plane or Control Plane Positioning
procedures. The use of User Plane positioning procedures is a deviation from A-GNSS for
WCDMA/GSM/CDMA device testing which used Control Plane positioning procedures. Testing is only
required in either User Plane or Control Plane and the positioning procedure used for test shall be
selected by the manufacturer. The selection should be made with input from the target operators. In the
absence of operator input, then User Plane Positioning procedures should be used.

When utilizing User Plane Positioning procedures, A-GNSS for LTE Cat-M1 devices will be tested using
the Open Mobile Alliance (OMA) Secure User Plane (SUPL) 2.0 protocol defined in
OMA-AD-SUPL-V2_0-20110527-C. RRLP or LPP can be used as the underlying positioning protocol for
SUPL 2.0 over the LTE default bearer.

When utilizing User Plane Positioning procedures, the test applies to LTE Cat-M1 devices supporting
either RRLP or LPP positioning protocol. The test requires that the device support SUPL 2.0 as the User
Plane protocol. If the device supports both RRLP and LPP positioning protocols, either one of these
could be used during the test. When utilizing User Plane Positioning procedures, the test only applies to
UE-assisted A-GNSS procedures. UE-based A-GNSS testing is not required.

When utilizing Control Plane Positioning procedures, A-GNSS for LTE Cat-M1 devices will be tested
using the LPP positioning protocol necessary for testing the Control Plane based tests in 3GPP TS
37.571-1 over the LTE default bearer. When utilizing Control Plane Positioning procedures, the test
applies to both UE-based and UE-assisted A-GNSS devices. If both UE-based and UE-assisted A-GNSS
is supported by a device, then both modes will be tested.

The same positioning procedures and positioning protocol shall be used for the reference mode testing
(A-GPS L1) and the additional GNSS mode testing (A-GLONASS, etc.).

Table 6-18 specifies the mid-channel test channels and UL and DL allocations for LTE Cat-M1 except
where specified herein.

TABLE 6-18 MID-BAND TEST CHANNEL SETTINGS FOR LTE CAT-M1
RX
Channel {X Fr()equency Fre(quer;cy
: MHz) [center UL RB MHz DL RB
T Bar;\;i:lvmth el of TX channel Allocation sl [center of Allocation
(MHz) bandwidth]' RX channel
bandwidth]
6 RB with 4 RB with
2 10 18900 1880 RBstart=43 900 1960 RBstart=31
6 RB with 4 RB with
4 10 20175 1732.5 RBstart=43 2175 21325 RBstart=31
2 6 RB with 4 RB with
5 10 20525 836.5 RBstart=43 2525 881.5 RBstart=31
6 RB with 4 RB with
7 20 21100 2535 RBstart=92 3100 2655 RBstart=56
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TABLE 6-18 MID-BAND TEST CHANNEL SETTINGS FOR LTE CAT-M1
RX
Channel '{“)’(Iﬁr()e?uentcy UL RB Fr?l?nllj-le';cy DL RB
: z) [center z
Band Ba?nﬁ:lvzl;ith TX Channel | ey 'channel | Allocation | RXChannel | roonter of Allocation
bandwidth]1 RX channel
bandwidth]
6 RB with 4 RB with
12 5 23095 707.5 RBstart=19 5095 737.5 RBstart=19
6 RB with 4 RB with
13 10 23230 782 RBstart=1 5230 751 RBstart=31
2 6 RB with 4 RB with
26 5 26865 831.5 RBstart=19 8865 876.5 RBstart=19
6 RB with 4 RB with
41 20 40620 2593 RBstart=92 40620 2593 RBstart=56
6 RB with 4 RB with
71 10 133297 680.5 RBstart=43 68761 635.94 RBstart=31
Note 1: The frequencies listed in this table are the center of the channel bandwidth and not the center of the RB allocation.
Note 2: If the device supports Band 26 and Band 5, then testing is only required to be completed in Band 26.

6.13.5.5.2

For the tests that operate at maximum output power, the UE transmit power shall be set to the maximum
by sending continuous uplink power control “up” commands in every uplink scheduling information to the
UE and allowing at least 200ms for the UE to reach its maximum level. As the 3GPP reference does not
make any mention of p-Max, nor is p-Max included in the default message content defined in 3GPP TS
36.508, p-Max shall not be signaled during attach procedures or during measurements.

For the tests that do not operate at maximum output power such as the radiated 3D C/NO pattern
measurement, it is up to the implementer to utilize UE power control such that the requirement specified
can be met.

No A-GNSS intermediate channel degradation measurements are required for LTE Cat-M1 devices.

Note: A-GNSS for LTE Cat-M1 testing is only required if the EUT supports a voice call while using an
LTE Cat-M1 connection (e.g., VoLTE, VolIP).

A-GPS L1 Test Procedure for LTE Category M1
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For the A-GPS L1 radiated 3D C/NO pattern measurement and the A-GPS L1 intermediate channel
degradation measurement, the GPS satellite simulator shall implement GNSS Scenario #1 as defined in
3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated for 3GPP TS 37.571-1 subclause 7, sub-test
1. The scenario shall be reset before the initial satellites become not visible. The scenario shall be
executed as required in Section 7.2 Sub-Test Number 1 of 3GPP TS 37.571-1 except that random errors
shall not be applied to the UE locations and the alternating locations requirement shall not be
implemented. Early delivery of Acquisition Assistance Data and Reference Time Data may be provided to
the EUT and the default EPS bearer shall be used for the wireless connection to establish the SUPL 2.0
or Control Plane session.

For a device which only supports UE-based A-GNSS and utilizes the test mode identified in
Section 6.13.2.1 and Section 6.13.4.1, the test mode shall allow for the following exceptions in the device
firmware for UE-based tests:

. Provide Location Information (LPP): In the A-GNSS-ProvideLocationInformation IE of the
LPP Provide Location Information message as referenced in TS 36.355 Section 6.5.2.5,
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both “gnss-SignalMeasurementinformation” and “gnss-Locationinformation” shall be
included.

The A-GPS L1 radiated receiver sensitivity measurements will be performed for the LTE Cat-M1 bands,
channel numbers, and the allocations specified in Table 6-18 with the following exceptions. For LTE
Cat-M1 Band 13, the device shall be tested with an UL RB allocation of 6 RBs with an RBstart of 43 and
with an UL RB allocation of 1 RB with an RBstart of 48 as opposed to the UL allocation specified in Table
6-18. If the device supports Band 26 and Band 5, then testing is only required to be completed in Band
26. For devices that support transmitter antenna switching, the sensitivity search in Band 13 and the
calculation of TIS, UHIS, and PIGS shall be performed with the transmitter connected to each transmit
antenna independently. TIS, UHIS, and PIGS results shall be provided for both transmit antennas.
Results shall pass for both transmit antennas or the test for Band 13 shall be failed.

When submitting a Cat-M1 device for LTE A-GNSS testing, the device manufacturer shall include a
declaration statement that identifies one of the following options to define the testing to be performed by
the test lab:

. Option 1: LTE Cat-M1 A-GNSS testing is performed without the presence of SIB16 for all
LTE bands.

. Option 2: LTE Cat-M1 A-GNSS testing is performed with SIB16 present for all LTE
bands.

. Option 3: LTE Cat-M1 A-GNSS testing is performed without the presence of SIB16 for all
LTE bands. For a subset of LTE bands selected by the device manufacturer, the
sensitivity search and TIS/UHIS/PIGS calculations are repeated with SIB16. The
selection of LTE bands for SIB16 testing should be made with input from the target
operators.

Radiated Sensitivity Measurement without SIB16:

The A-GPS L1 radiated receiver sensitivity measurements shall be performed using the A-GPS L1 test
parameters in Table 6-16, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test Number
1 except for modifications herein.

Note that the satellite power levels for the sensitivity test are such that there will be one satellite, which
transmits 5 dB higher than the other satellites. The reported sensitivity level will be based on the power of
the weaker satellites. The 1 dB test tolerance or test parameter relaxation for the absolute GPS L1 signal
level in C.2.1 in 3GPP TS 37.571-1 shall not be used in reporting the sensitivity measurement results.
The above clarification means that, at signal levels -141 dBm and -146 dBm will lead to a sensitivity level
report of -146 dBm, rather than -147 dBm. For Control Plane testing, the GPS L1 engine shall be cold
started for every location attempt.

For A-GPS L1 radiated receiver sensitivity measurements, the GPS L1 satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 1. The scenario shall be reset before the viable running time
expires as defined in the same clause. The scenario shall be executed as required in Section 7.1.1
Sub-Test Number 1 of 3GPP TS 37.571-1 except that random errors shall not be applied to the UE
locations and the alternating locations requirement shall not be implemented. Early delivery of
Acquisition Assistance Data and Reference Time Data may be provided to the EUT and the SUPL 2.0 or
Control Plane Positioning session shall be used over the wireless data connection.

Radiated Sensitivity Measurement with SIB16:

The A-GPS L1 radiated receiver sensitivity measurements shall be performed using the A-GPS L1 test
parameters in Table 6-16, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test Number
1, and with the exceptions below:

. All satellite power levels shall be set to the same power level.

. The network emulator shall broadcast SIB16 (including all mandatory and optional fields).
UTC Time in SIB16 shall be synchronized to within +/- 100ns of GPS L1 time.
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All satellite power levels for the sensitivity test shall be set to the same power level. The 1 dB test
tolerance or test parameter relaxation for the absolute GPS L1 signal level in C.2.1 in 3GPP TS 37.571-1
shall not be used in reporting the sensitivity measurement results. The above clarification means that, a
signal level -146 dBm will lead to a sensitivity level report of -146 dBm, rather than -147 dBm. For Control
Plane testing, the GPS L1 engine shall be cold started for every location attempt.

For A-GPS L1 radiated receiver sensitivity measurements, the GPS satellite simulator shall implement
GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated for 3GPP
TS 37.571-1 subclause 7, sub-test 1 with the exceptions noted above. The scenario shall be reset before
the viable running time expires as defined in the same clause. The scenario shall be executed as
required in Section 7.1.1 Sub-Test Number 1 of 3GPP TS 37.571-1 except that random errors shall not
be applied to the UE locations and the alternating locations requirement shall not be implemented. Early
delivery of Acquisition Assistance Data and Reference Time Data may be provided to the EUT and the
SUPL 2.0 or Control Plane Positioning session shall be used over the wireless data connection.

6.13.5.5.3 A-GLONASS for LTE Category M1
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For the A-GLONASS intermediate channel degradation measurement, the GNSS satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 5. The usage of GNSS Scenario #1 is predicated from the
desire to test A-GNSS performance without any satellite-based augmentation system (SBAS) in use or
without any assumption of QZSS support in the UE. The scenario shall be reset before the initial
satellites become not visible. The scenario shall be executed as required in Section 7.2 Sub-Test
Number 5 of 3GPP TS 37.571-1 except that the reference signal power level for all satellites shall be
-130 dBm for A-GPS L1 and A-GLONASS, random errors shall not be applied to the UE locations, and
the alternating locations requirement shall not be implemented. Early delivery of Acquisition Assistance
Data and Reference Time Data may be provided to the EUT and the default EPS bearer shall be used for
the wireless connection to establish the SUPL 2.0 or Control Plane session.

For a device which only supports UE-based A-GNSS and utilizes the test mode identified in
Section 6.13.2.1 and Section 6.13.4.1, the test mode shall allow for the following exceptions in the device
firmware for UE-based tests:

Provide Location Information (LPP): In the A-GNSS-ProvidelLocationInformation IE of the LPP Provide
Location Information message as referenced in TS 36.355 Section 6.5.2.5, both
“gnss-SignalMeasurementinformation” and “gnss-Locationinformation” shall be included.

The A-GLONASS radiated receiver sensitivity measurements will be performed for the LTE bands,
channel numbers, and the allocations specified in Table 6-18 with the following exceptions: For LTE
Cat-M1 Band 13, the device shall be tested with an UL RB allocation of 6 RBs with an RBstart of 43 and
with an UL RB allocation of 1 RB with an RBstart of 48 as opposed to the UL allocation specified in Table
6-18. If the device supports Band 26 and Band 5, then testing is only required to be completed in Band
26. For devices that support transmitter antenna switching, the sensitivity search in Band 13 and the
calculation of TIS, UHIS, and PIGS shall be performed with the transmitter connected to each transmit
antenna independently. TIS, UHIS, and PIGS results shall be provided for both transmit antennas.
Results shall pass for both transmit antennas or the test for Band 13 shall be failed.

When submitting a device for LTE Cat-M1 A-GNSS testing, the device manufacturer shall include a
declaration statement that identifies one of the following options to define the testing to be performed by
the test lab:

. Option 1: LTE Cat-M1 A-GNSS testing is performed without the presence of SIB16 for all

LTE bands.
. Option 2: LTE Cat-M1 A-GNSS testing is performed with SIB16 present for all LTE
bands.
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. Option 3: LTE Cat-M1 A-GNSS testing is performed without the presence of SIB16 for all
LTE bands. For a subset of LTE bands selected by the device manufacturer, the
sensitivity search and TIS/UHIS/PIGS calculations are repeated with SIB16. The
selection of LTE bands for SIB16 testing should be made with input from the target
operators.

Radiated Sensitivity Measurement without SIB16:

The A-GLONASS radiated receiver sensitivity measurements shall be performed using the A-GLONASS
test parameters in Table 6-17, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test
Number 5 except for modifications herein.

As the A-GLONASS radiated receiver sensitivity measurements are based on a multi-GNSS sub-test,
the A-GLONASS signal power levels need particular treatment compared to the A-GPS L1 signal power
levels. Therefore, the reference signal power level for all GLONASS satellite power levels shall be equal
to the power level of the weaker GPS L1 satellites so that there are no GLONASS satellites which are
transmitted at a higher signal level. During this test, the GPS L1 satellite power levels are set such that
there will be one satellite, which transmits 5 dB higher than the other GPS L1 satellites. The reported
A-GLONASS sensitivity level will be based on the power of the weaker satellites. The 1 dB test tolerance
or test parameter relaxation for the absolute GNSS signal level in C.2.1 in 3GPP TS 37.571-1 shall not
be used in reporting the sensitivity measurement results. The above clarification means that, at signal
levels -141 dBm and -146 dBm will lead to a sensitivity level report of -146 dBm, rather than -147 dBm.
For Control Plane testing, the GPS L1 engine shall be cold started for every location attempt.

For A-GLONASS radiated receiver sensitivity measurements, the GNSS satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 5. The scenario shall be reset before the viable running time
expires as defined in the same clause. The scenario shall be executed as required in Section 7.1.1
Sub-Test Number 5 of 3GPP TS 37.571-1 except that random errors shall not be applied to the UE
locations and the alternating locations requirement shall not be implemented. Early delivery of
Acquisition Assistance Data and Reference Time Data may be provided to the EUT and a SUPL 2.0 or
Control Plane Positioning session shall be used over the wireless data connection.

Radiated Sensitivity Measurement with SIB16:

The A-GLONASS radiated receiver sensitivity measurements shall be performed using the A-GLONASS
test parameters in Table 6-17, which are based on 3GPP TS 37.571-1 Test Scenario 7.1.1 Sub-Test
Number 5, and with the exceptions below:

. All GPS L1 satellite power levels shall be set to the same power level.

. The network emulator shall broadcast SIB16 (including all mandatory and optional fields).
UTC Time in SIB16 shall be synchronized to within +/- 100ns of GPS L1 time.

As the A-GLONASS radiated receiver sensitivity measurements are based on a multi-GNSS sub-test,
the A-GLONASS signal power levels need particular treatment compared to the A-GPS L1 signal power
levels. Therefore, the reference signal power level for all GLONASS satellite power levels shall be equal
to the power level of the GPS L1 satellites so that there are no GLONASS satellites which are
transmitted at a higher signal level, i.e. all GPS L1 and GLONASS satellite power levels shall be set to
the same power level. The 1 dB test tolerance or test parameter relaxation for the absolute GNSS signal
level in C.2.1 in 3GPP TS 37.571-1 shall not be used in reporting the sensitivity measurement results.
The above clarification means that, a signal level of -146 dBm will lead to a sensitivity level report of -146
dBm, rather than -147 dBm. For Control Plane testing, the GPS L1 engine shall be cold started for every
location attempt.
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For A-GLONASS radiated receiver sensitivity measurements, the GNSS satellite simulator shall
implement GNSS Scenario #1 as defined in 3GPP TS 37.571-5 Section 6.2.1.2.1 for satellites simulated
for 3GPP TS 37.571-1 subclause 7, sub-test 5. The scenario shall be reset before the viable running time
expires as defined in the same clause. The scenario shall be executed as required in Section 7.1.1
Sub-Test Number 5 of 3GPP TS 37.571-1 except that random errors shall not be applied to the UE
locations and the alternating locations requirement shall not be implemented. Early delivery of
Acquisition Assistance Data and Reference Time Data may be provided to the EUT and a SUPL 2.0 or
Control Plane Positioning session shall be used over the wireless data connection.

6.13.6 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for A-GNSS. Reports shall include results for free-space
and head/hand configurations (if applicable) or wrist-worn configurations (if applicable, also change
HL/HR to WL/WR in the reporting tables) across all channels measured with the EUT antenna extended
and retracted.

A-GNSS intermediate channel degradation test results shall be provided in a file format equivalent to that
specified in Appendix B.1.

Table 6-19, Table 6-20 and Table 6-21 contain the pass/fail limits for A-GPS L1 for devices held to the
head for voice, integrated devices and wrist-worn devices, respectively. Table 6-22, Table 6-23 and
Table 6-24 contain the pass/fail limits for A-GLONASS for devices held to the head for voice, integrated
devices and wrist-worn devices, respectively.

TABLE 6-19 A-GPS L1 MAXIMUM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'

5 Positioning Device BHHL and BHHR HL and HR
and Method SIB Width
(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD
CDMA 800
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
CDMA 1900 Control P_Iane/ SIB8
MS-Assisted >72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
CDMA 1700/2100
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-19 A-GPS L1 Maximum TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'

B Positioning De_vice BHHL and BHHR HL and HR
and Method SIB Wldﬂ}
(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD
GSM 850
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
GSM 1900
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
UMTS 850
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
UMTS 1900
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
UMTS 1700/2100
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 12
Control Plane / >72 TBD TBD TBD TBD TBD TBD
N/A
UE-Based <72 TBD TBD TBD TBD TBD TBD
LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 70
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
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TABLE

6-19 A-GPS L1 Maximum TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'

B Positioning De_vice BHHL and BHHR HL and HR
and Method SIB Width
(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD
LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 30 Control Plane / N/A
UE-Based >72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-19 A-GPS L1 Maximum TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'

B Positioning De_vice BHHL and BHHR HL and HR
and Method SIB Wldﬂ}
(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD
GSM 850
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
GSM 1900
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
UMTS 850
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
UMTS 1900
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
UMTS 1700/2100
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 71
Control Plane / >72 TBD TBD TBD TBD TBD TBD
. N/A
UE-Assisted <72 TBD TBD TBD TBD TBD TBD
LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
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TABLE

6-19 A-GPS L1 Maximum TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'

B Positioning De_vice BHHL and BHHR HL and HR
and Method SIB Width
(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD
LTE Band 70
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 25 Control Plane/ |\
UE-Assisted >72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD
LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-19 A-GPS L1 MAXIMUM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE1
B Positioning De_vice BHHL and BHHR HL and HR
and Method SIB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
SUPL 2.0/ >72 TBD TBD TBD TBD TBD TBD

) N/A

UE-Assisted <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-19 A-GPS L1 MaxiMum TIS/UHIS/PIGS LEVEL (IN bBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'
B Positioning Device BHHL and BHHR HL and HR
and Method SIB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70 SIB8
Control Plane / p >72 TBD TBD TBD TBD TBD TBD
an

UE-Based siB1e | S72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-19 A-GPS L1 MaxiMum TIS/UHIS/PIGS LEVEL (IN bBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'
B Positioning Device BHHL and BHHR HL and HR
and Method SIB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70 SIBS
Control Plane / >72 TBD TBD TBD TBD TBD TBD
, and

UE-Assisted | qp4g | <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-19 A-GPS L1 MaxiMum TIS/UHIS/PIGS LEVEL (IN bBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR VOICE'
B Positioning Device BHHL and BHHR HL and HR
and Method SIB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70 SIBS
SUPL 2.0/ >72 TBD TBD TBD TBD TBD TBD
. and

UE-Assisted | qp4g | <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna

extended, fold or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA performance with
different hand phantoms of up to 6 dB.
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TABLE 6-20 A-GPS L1 MAXIMUM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR INTEGRATED DEevices'
Positionin i

Band Mothod Si8 TIS UHIS PIGS
CDMA 800 TBD TBD TBD
CDMA 1900 TBD TBD TBD
17%8/'\2/?00 TBD TBD TBD
GSM 850 TBD TBD TBD
GSM 1900 TBD TBD TBD
UMTS 850 TBD TBD TBD
UMTS 1900 TBD TBD TBD
17%('\)/};800 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTEBand 14 | control Plane / NIA TBD TBD TBD
LTE Band 26 UE-Based TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 TBD TBD TBD
LTE Band 4 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
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TABLE 6-20 A-GPS L1 MAXIMUM TIS/UHIS/PIGS LEVEL (|N DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR INTEGRATED DEV|CES1
Band Pon:itioning sIB S

it TIS UHIS PIGS
GSM 850 TBD TBD TBD
GSM 1900 TBD TBD TBD
UMTS 850 TBD TBD TBD
UMTS 1900 TBD TBD TBD
17%3/};800 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTEBand 14 | control Plane/ A TBD TBD TBD
LTEBand 26 | UE-Assisted TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 TBD TBD TBD
LTE Band 4 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
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TABLE 6-20 A-GPS L1 Maximum TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR INTEGRATED DEVICES1
Band Pon:itioning sIB S

it TIS UHIS PIGS
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 SUPL 2.0/ TBD TBD TBD
LTE Band 4 UE-Assisted N/A TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 | Control Plane / SIB8 and TBD TBD TBD
LTE Band 4 UE-Based SIB16 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
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TABLE 6-20 A-GPS L1 Maximum TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR INTEGRATED DEVICES1
Band Pon:itioning sIB S

it TIS UHIS PIGS
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 | Control Plane / SIB8 and TBD TBD TBD
LTE Band 4 UE-Assisted SIB16 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 SUPL 2.0/ SIB8 and TBD TBD TBD
LTE Band 4 UE-Assisted SIB16 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically
depends on form factor and OEM input).
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TABLE 6-21 A-GPS L1 MAXIMUM TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
MODE FOR WRIST-WORN DEvICES'
WL and WR
Band Positioning Method SIB

TIS
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 Control Plane / TBD
LTE Band 4 UE-Based /A TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 Control Plane / N/A TBD
LTE Band 4 UE-Assisted TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
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TABLE 6-21 A-GPS L1 MAXIMUM TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
MoDE FOR WRIST-WORN DEVICES'

WL and WR
Band Positioning Method SIB

TIS
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 ) TBD
TE Band 2 SUPL 2.0 / UE-Assisted N/A p—
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 TBD
ena s C°StE'f’é:S'2rée / SIB8 and SIB16 -
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
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TABLE 6-21 A-GPS L1 MAXIMUM TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY MECHANICAL
MoDE FOR WRIST-WORN DEVICES'

WL and WR
Band Positioning Method SIB

TIS
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 TBD
o s Cﬁgt_ffs;gzg/ SIB8 and SIB16 S
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 . TBD
1 TE Band 2 SUPL 2.0 / UE-Assisted SIB8 and SIB16 TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically depends on form
factor and OEM input).
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As described earlier in this document, radiated performance evaluation of the EUT's A-GLONASS
implementation is subject to a reduced set of tests.
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TABLE 6-22 A-GLONASS wiTH MaxiMuM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR Voice'

Positioning Device BHHL and BHHR HL and HR
Band Method siB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 4
Control Plane / A >72 TBD TBD TBD TBD TBD TBD
UE-Based <72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-22 A-GLONASS wiTH MaxiMuM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR Voice'

Positioning Device BHHL and BHHR HL and HR
Band Method siB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
Control Plane / NIA >72 TBD TBD TBD TBD TBD TBD
UE-Assisted <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-22 A-GLONASS wiTH MaxiMuM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR Voice'

Positioning Device BHHL and BHHR HL and HR
Band Method siB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
SUPL 2.0/ A >72 TBD TBD TBD TBD TBD TBD
UE-Assisted <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-22 A-GLONASS wiTH MaxiMuM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR Voice'

Positioning Device BHHL and BHHR HL and HR
Band Method siB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 4
Control Plane/ SIB8 and >72 TBD TBD TBD TBD TBD TBD
UE-Based SiB16 <72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-22 A-GLONASS wiTH MaxiMuM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR Voice'

Positioning Device BHHL and BHHR HL and HR
Band Method SIB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
Control Plane/ SIB8 and >72 TBD TBD TBD TBD TBD TBD
UE-Assisted SIB16 <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD
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TABLE 6-22 A-GLONASS wiTH MaxiMuM TIS/UHIS/PIGS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR DEVICES HELD TO THE HEAD FOR Voice'

Positioning Device BHHL and BHHR HL and HR
Band Method SIB Width

(mm) TIS UHIS PIGS TIS UHIS PIGS
<72 TBD TBD TBD TBD TBD TBD

LTE Band 71
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 12
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 17
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 13
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 14
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 26
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 5
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 70
SUPL 2.0/ SIB8 and >72 TBD TBD TBD TBD TBD TBD
UE-Assisted SIB16 <72 TBD TBD TBD TBD TBD TBD

LTE Band 4
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 66
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 2
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 25
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 30
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 7
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 41
>72 TBD TBD TBD TBD TBD TBD
<72 TBD TBD TBD TBD TBD TBD

LTE Band 48
>72 TBD TBD TBD TBD TBD TBD

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold
or portrait slide open, but depends on form factor).

Note 2: Differences between requirements for devices wider and narrower than 72 mm reflect observed differences in OTA performance with different
hand phantoms of up to 6 dB.
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TABLE 6-23

A-GLONASS with Maximum TIS/UHIS/PIGS Level (in dBm) Requirements for the
Primary Mechanical Mode for Integrated Devices'

Band Positioning Method SIB FS

TIS UHIS PIGS
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 Control Plane / TBD TBD TBD
LTE Band 4 UE-Based NIA 8D 50 e
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 Control Plane / TBD TBD TBD
LTE Band 4 UE-Assisted NIA 8D =D e
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
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TABLE 6-23

A-GLONASS with Maximum TIS/UHIS/PIGS Level (in dBm) Requirements for the
Primary Mechanical Mode for Integrated Devices'

Band Positioning Method SIB FS

TIS UHIS PIGS
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 SUPL 2.0/ TBD TBD TBD
LTE Band 4 UE-Assisted N/A 8D D m—
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 Control Plane / SIB8 and TBD TBD TBD
LTE Band 4 UE-Based SIB16 TBD p— 8D
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
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TABLE 6-23 A-GLONASS with Maximum TIS/UHIS/PIGS Level (in dBm) Requirements for the
Primary Mechanical Mode for Integrated Devices'

Band Positioning Method SIB FS

TIS UHIS PIGS
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 Control Plane / SIB8 and TBD TBD TBD
LTE Band 4 UE-Assisted SIB16 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD
LTE Band 71 TBD TBD TBD
LTE Band 12 TBD TBD TBD
LTE Band 17 TBD TBD TBD
LTE Band 13 TBD TBD TBD
LTE Band 14 TBD TBD TBD
LTE Band 26 TBD TBD TBD
LTE Band 5 TBD TBD TBD
LTE Band 70 SUPL 2.0/ SIB8 and TBD TBD TBD
LTE Band 4 UE-Assisted SIB16 TBD TBD TBD
LTE Band 66 TBD TBD TBD
LTE Band 2 TBD TBD TBD
LTE Band 25 TBD TBD TBD
LTE Band 30 TBD TBD TBD
LTE Band 7 TBD TBD TBD
LTE Band 41 TBD TBD TBD
LTE Band 48 TBD TBD TBD

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically depends on
form factor and OEM input).
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TABLE 6-24 A-GLONASS wiTH MAXIMUM TIS LEVEL (IN bBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR WRIST-WORN DEvICEs'
WL and WR
Band Positioning Method SIB

TIS
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 Control Plane / TBD
LTE Band 4 UE-Based /A TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 Control Plane / N/A TBD
LTE Band 4 UE-Assisted TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD

© 2001 - 2021 CTIA Certification. All Rights Reserved.




Test Plan Version 3.9.2

258

TABLE 6-24 A-GLONASS wiTH MAxiMmum TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR WRIST-WORN DEVICES1
WL and WR
Band Positioning Method SIB

TIS
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 SUPL ?_0/ N/A TBD
LTE Band 4 UE-Assisted TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
L;Ziaannddzo C°StE'f’I'3:;2r;e / SIB8 and SIB16 IEE
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
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TABLE 6-24 A-GLONASS wiTH MAaxiMum TIS LEVEL (IN DBM) REQUIREMENTS FOR THE PRIMARY
MECHANICAL MODE FOR WRIST-WORN DEVICES1
WL and WR
Band Positioning Method SIB

TIS
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 Control Plane / SIB8 and SIB16 T80
LTE Band 4 UE-Assisted TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD
LTE Band 71 TBD
LTE Band 12 TBD
LTE Band 17 TBD
LTE Band 13 TBD
LTE Band 14 TBD
LTE Band 26 TBD
LTE Band 5 TBD
LTE Band 70 SUPL ?'0/ SIB8 and SIB16 TBD
LTE Band 4 UE-Assisted TBD
LTE Band 66 TBD
LTE Band 2 TBD
LTE Band 25 TBD
LTE Band 30 TBD
LTE Band 7 TBD
LTE Band 41 TBD
LTE Band 48 TBD

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer
instructions (typically depends on form factor and OEM input).
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6.14 FLO (Forward Link Only)
This section removed for V3.2.
6.15 Alternate Test Procedure for TIS

These alternate test procedures may significantly reduce the test time for TIS.

Use of these alternate test methods may require additional measurement uncertainty calculations, which
are discussed in Section 7.4.

6.15.1 Single Point Offset Test

260

This offset test procedure significantly reduces the test time for TIS for multi-protocol phones, which have
more than one protocol in the same frequency band. This offset test procedure can be used to determine
the offset in TIS between different protocols on equivalent channels, as well as between different error
rates and/or data rates using the same protocol on the same channel. “Equivalent channels” assumes
that the two channels are close enough in frequency that the pattern does not change. A single point
offset test or a multi-point offset test may be used. This method may be used between stand-alone LTE
and LTE CA or one LTE CA combination and another, when the same band, channel and RB allocation
combination is evaluated in both LTE combinations if single point offset testing is allowed for the CA
combination as specified in the operator CA combination priority list identified in Appendix O.8.

This offset test procedure for TIS cannot be used with an antenna which uses a different physical
radiator, or different aperture tuning (e.g. matching on parasitic elements or matching components on the
ground or within the radiator) between the reference protocol and the protocol being evaluated. This
offset test procedure cannot be used in this case because the antenna pattern will generally be different
between the 2 protocols.

This offset test procedure for TIS can be used with an antenna which uses the same physical radiator,
the same aperture tuning (e.g. matching on parasitic elements or matching components on the ground or
within the radiator) but uses different impedance matching (e.g. matching components on the RF feed)
between the reference protocol and the protocol being evaluated,

The manufacturer must declare to the ATL when antennas are implemented in such a way that this offset
test procedure for TIS cannot be used, when single point offset tests are considered.

This offset test procedure also can be used only for protocols that utilize the same antenna combinations,
for example, both protocols employ 2-branch diversity and the same pair of antennas. In this way, the
C-TIS measured for one protocol can appropriately be scaled by the single point measurement for the
other protocol.

It is recommended that voice digital protocols be given priority when doing full TIS measurements. For
purposes of clarity for the following test procedure, test configuration A will be protocol/error rate/data
rate for which a full TIS measurement is performed. Test configuration B will be the other protocol/error
rate/data rate which will be tested using the single/multi-point radiated test.

This test sequence is repeated for each channel specified in the appropriate part of Section 6. This test
sequence shall be repeated for each EUT antenna configuration (free space, head and hand phantom,
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hand phantom only, whip extended, whip retracted). The single point radiated sensitivity for both test
configurations, the difference, and the calculated TIS for test configuration B shall be recorded.

The TIS test for test configuration A shall be completed first according to the appropriate part of Section
6. After identifying the position and polarization for which the EUT has its maximum radiated sensitivity
for one channel, the EUT should be placed in the same configuration. A radiated sensitivity
measurement shall be first done in test configuration A according to the relevant procedures in Section 6.
If possible without touching the phone, initiate a hand-off or change to test configuration B at the
equivalent channel. Otherwise, initiate a call in test configuration B and go to the equivalent channel. If
the phone must be handled in order to initiate a call in test configuration B, then an additional
repositioning uncertainty must be included to account for positioning repeatability. Following that, a
radiated sensitivity measurement shall be done in test configuration B according to the relevant
procedures in Section 6. The two measurements shall be conducted as close in time as possible. The
difference between these radiated tests shall then be used as an offset to the TIS for test configuration A
in order to calculate the TIS for test configuration B.

6.15.2 Multi-point Offset Test

261

This offset method has similar benefits as the Single-Point Offset Test in Section 6.15.1 and has the
same restrictions as discussed in Section 6.15.1.

Multiple positions and polarizations shall be predetermined for comparing test configurations A and B.
The test positions and polarizations shall be selected such that they are spread relatively evenly in time
throughout the TIS test and are spread relatively evenly in space over the sphere. While the TIS test for
test configuration A is being performed, measurements for test configuration B will be performed at those
predetermined positions and polarizations.

This is accomplished at those predetermined positions and polarizations by:

1. Measuring the radiated sensitivity for test configuration A,

2. Handing-off or changing to test configuration B,

3. Measuring the radiated sensitivity for test configuration B,

4. Handing-off or changing to test configuration A,

5. Continuing the TIS test until another predetermined position and polarization is to be tested,

at which time, steps 1 to 5 are repeated.

The difference between the averages of the radiated sensitivities at the predetermined positions and
polarizations shall then be used as an offset to the TIS for test configuration A in order to calculate the
TIS for test configuration B.

Note: More than 4 test positions/polarizations are recommended to keep the measurement uncertainty
low.

Note: This test procedure using multiple test positions/polarizations will have lower uncertainty than the
test procedure using a single test position/polarization.

Note: Using higher error rates and higher data rates can result in significantly faster test times for TIS.
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6.15.3 Alternate Test Procedure for GSM TIS Using Less Than Maximum TX Power

This alternate test procedure is specifically to allow the radiated RX sensitivity testing for the 3D pattern
for the GSM protocol to be done at low TX power levels. The purpose of this allowance is to enable the
battery to last longer during testing, which in turn enables more automated testing without having to
change the battery. In particular, more testing can be accomplished unattended over night.

The same low TX power must be used during the entire TIS measurement. The next step involves using
something similar to the single-point offset test procedure for TIS (in Section 6.15.1).

After identifying the position and polarization for which the EUT has its maximum radiated sensitivity for
one channel, the EUT shall be placed in the same configuration. A radiated sensitivity measurement
shall be first done using low TX power according to the relevant procedures in Section 6. Without
touching the phone, change the TX power to maximum. Then a radiated sensitivity measurement shall
be done using maximum TX power according to the relevant procedures in Section 6. The two
measurements shall be conducted as close in time as possible. The difference between these radiated
tests shall then be used as an offset to the TIS using low TX power in order to calculate the TIS with
maximum TX power. This test sequence is repeated for each channel specified in the appropriate part of
Section 6. This test sequence shall be repeated for each EUT antenna configuration (free space, head
and hand phantom, hand phantom only, whip extended, whip retracted). The single point radiated
sensitivity at low and maximum TX power, the difference, and the calculated TIS using maximum TX
power shall be recorded.

The additional uncertainty associated with the single point test would need to be included, as discussed
in Section 7.4.

Note: Intermediate channel testing shall still be done using maximum TX power.

6.15.4 Alternate TIS Test Procedure based on Receive Signal Strength (RSS)

This procedure details the methodology to be used when determining TIS using receive signal strength
measurements. The test methodology will consist of four steps; RSS Pattern Measurement, RSS Pattern
Linearization, Sensitivity Search, and Final TIS Calculation. The receive signal strength measurements
that are available for any particular technology can vary. These may take the form of the following; RSSI
(Receive Signal Strength Indicator), Carrier to Noise, Signal to Noise, Carrier to Interference, indicators
based on code phase RMS error estimates, etc.

The Alternate TIS Test Procedure based on Receive Signal Strength shall not be used for cellular radio
mode TIS testing.

6.15.4.1 RSS Pattern Measurement

262

The RSS Pattern Measurement shall utilize the same spherical measurement procedure as specified in
Section 6. A receive signal strength measurement shall be made at each polarization and point on the
sphere. For the case when the received signal strength measurement is derived from the code phase
RMS error, RSS is based on the estimated peak SNR at the UE, and computed from the code phase
RMS error reported by the UE using the conversion:
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( 0.336 X Ty )
20 xlogyo codephaseRMSError

where Ty, = 293.052 meters. The dynamic range of the RSS measurement shall be at least 20 dB and
the minimum RSS measurement level shall be at least 10 dB above the noise floor of the measurement
capability. If the RSS measurement for a particular polarization or point is below the dynamic range of the
measurement capability or cannot be obtained, the data point shall be recorded with a value that is at
least 20 dB below the lowest RSS measurement.

This receive signal strength measurement may be obtained in a number of different methods. The EUT
may report the value via over-the-air messaging if the technology supports this mechanism. The EUT
may record the values in non-volatile memory or RAM using an on-board application or test mode. The
stored results would be extracted from the device via a data cable or via an over-the-air data connection
supported by the EUT. If the results are extracted from the EUT after the test, there shall be a mechanism
to reconcile the data with each position. Each measurement point shall be sufficiently averaged to reduce
uncertainty to the value defined in the uncertainty budget.

It is recommended that the RSS pattern measurement be performed by reporting the RSS measurement
via over-the-air messaging if the Base Station Simulator for the technology supports that mechanism. It is
also recommended that the RSS measurements be made with the transmitter enabled via normal call
processing, a special test mode, or an on-board application if the technology being tested normally
supports the use of a reverse link.

6.15.4.2 RSS Pattern Linearization

263

The RSS pattern measurements shall be linearized. The peak in the RSS pattern shall be determined
from the data collected in Section 6.15.4.1. Re-position the EUT to the location of the maximum RSS. For
GNSS, the chosen peak shall be in the upper hemisphere. As an alternative, the RSS linearization data
may be obtained using a conducted test setup but the additional uncertainty shall be accounted for in the
uncertainty budget.

Receive signal strength measurements shall be made at a maximum of 1 dB steps from the peak RSS
measurement to at least 10 dB below the peak RSS measurement made in Section 6.15.4.1. Care
should be taken to avoid compression of the receiver or highly non-linear regions outside of the minimum
linearization range specified above. These RSS measurements along with the corresponding signal level
presented to the EUT shall be used to linearize the pattern data collected in Section 6.15.4.1 such that
the pattern data corresponds to a dB for dB change in the signal level presented to the EUT. RSS data
that falls within the utilized step size shall be linearly interpolated. The interpolation shall be done in dB
as opposed to in linear units. The linearization may be accomplished through various methods (see
Appendix E.1.1) such as, but not limited to, Best Fit Straight Line methods or piecewise linear methods,
as long as the proper linearization uncertainty has been accounted for in the uncertainty budget. RSS
data that falls outside of the data set that was used to determine the linearization data shall be linearized
to a line that is extended using the same slope as determined above for the last set of data points used
for linearization at the edge of the data set.

This receive signal strength measurement may be obtained in a number of different methods. The EUT
may report the value via over-the-air messaging if the technology supports this mechanism. The EUT
may record the values in non-volatile memory or RAM using an on-board application or test mode. The
stored results would be extracted from the device via a data cable or via an over-the-air data connection
supported by the EUT. In either case, the method used shall be the same method that was used for the
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RSS Pattern Measurement. Each measurement point shall be sufficiently averaged to reduce uncertainty
to the value defined in the uncertainty budget.

It is recommended that the RSS pattern measurement be performed by reporting the RSS measurement
via over-the-air messaging if the Base Station Simulator for the technology supports that mechanism. It is
also recommended that the RSS measurements be made with the transmitter enabled via normal call
processing, a special test mode, or an on-board application if the technology being tested normally
supports the use of a reverse link. In either case, the method used shall be the same method that was
used for the RSS Pattern Measurement.

6.15.4.3 Sensitivity Search

The peak in the RSS pattern shall be determined from the data collected in Section 6.15.4.1. Re-position
the EUT to the location of the maximum RSS. For GNSS, the chosen peak shall be in the upper
hemisphere. Care should be taken not to disturb the EUT between the RSS Pattern Linearization step
and this step. If the EUT is disturbed or repositioned, an appropriate repositioning uncertainty
contribution shall be taken. If the RSS linearization data was obtained via conducted test methods, the
additional repositioning uncertainty contribution has already been taken in Section 6.15.4.2. For all
cases, a repositioning uncertainty shall be taken due to the repositioning of the EUT after the pattern
measurement in Section 6.15.4.1. Perform a single-point sensitivity measurement for the particular
technology in accordance with the measurement methodology specified for that technology.

The single-point sensitivity measurement may be obtained in a number of different methods. The
sensitivity measurement may be performed via over-the-air messaging if the technology supports this
mechanism. The EUT may record the error rates versus signal level in non-volatile memory or RAM
using an on-board application or test mode. The stored results would be extracted from the device via a
data cable or via an over-the-air data connection supported by the EUT.

If the technology being tested supports an EIS measurement via over-the-air messaging, the EIS
measurement shall be made in this configuration with the transmitter set to maximum output power. If the
technology being tested normally uses a reverse link to communicate to a server, the EIS measurement
shall be made with the reverse link transmitter at maximum output power and enabled via normal call
processing, a special test mode, or an on-board application.

The conducted sensitivity of the EUT shall also be measured at the antenna connector, if available, on all
applicable protocols/frequencies. It is preferable that the EUT be the same as utilized for the RSS
measurements. However, if the EUT does not readily support an antenna port for conducted
measurements, a separate modified EUT may be provided for all conducted measurements. If no
connector is available, the conducted sensitivity measurement is not required. Ideally, the sensitivity
measurement will be performed with the same instrumentation in an equivalent configuration in order to
minimize the measurement uncertainty involved. A different sensitivity measurement device may be used
as long as any differences in absolute measurement accuracy are accounted for, either in corrections to
the recorded sensitivity level or increased reported measurement uncertainty for the conducted
measurement. Refer to Appendix A.3 for more information on conducted sensitivity measurements and
cabling setups.

6.15.4.4 RSS Data Format

264

This section specifies the format for EUT-generated RSS data used in the TIS pattern measurement
process and other RSS-based tests under development. The EUT shall generate data in the specified
format, either directly or via an intermediate data parser.
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6.15.4.4.1 RSS Data Stored Locally on EUT

265

RSS data stored locally on the EUT during the pattern measurement process shall take the form of a
comma-delimited ASCII text file. Each row or line of the file shall contain a single time stamped RSS
measurement record. Each record shall terminate with a Carriage Return (decimal ASCII code 13) or
Carriage Return/Line Feed combination (decimal ASCII codes 13+10).

Each measurement record or file line shall contain 6 fields as specified below separated by commas:
. Date: YYYY-MM-DD (e.g. “2008-03-15")
. Time: HH:MM:SS.000 (e.g. “16:20:01.568”). 24-hour format. The number of decimal

points for fractional seconds shall depend on the available time resolution of the EUT's
underlying technology.

. Signal Source: Integer index indicating the signal source for air interfaces using multiple
signal sources, e.g., multiple satellite GPS L1 scenarios or multiple MBS beacon
scenarios. In cases where signal sources have standard numerical identifiers, such as
GPS L1 satellite IDs or MBS transmitter ID, this field shall contain that identifier.
Otherwise, this field shall index starting from O.

. Antenna: Integer index, starting from 0, indicating the antenna or receive chain for EUTs
supporting multiple receivers. This value shall always be “0” for single-antenna devices.

. RSS: Received Signal Strength value (power in dBm; ratios in dB). For MBS, RSS is
derived from the code phase RMS error, and it corresponds to:

( 0.336 X Toy,p )
20xlogyg codephaseRMSError

where Tgp;, is 293.052 meters, codephaseRMSError is the value in meters as specified in
sub-clause 6.5.4.2 of the 3GPP 36.355 specification. The upper bound of the
pseudo-range value given in the floating-point mapping is used.

. Phase: Phase angle of received signal in radians. For dual receiver LTE devices, this
may be the relative phase between the two receivers. This value shall always be “0” if no
phase information is provided.

The date and time fields must represent accurate elapsed time over the data collection period, but they
are not required to be synchronized to a specific time-of-day reference. However, if these time stamps
are not explicitly synchronized to the time reference used by the range equipment, the test solution
developer must provide a mechanism to account for the time offset between EUT data and any
range-specific data (e.g. position) collected simultaneously.

The first example below shows a data segment for a single-antenna device generating no phase
information, with a single signal source. The second example shows a data segment for a dual-antenna
device generating phase information, with a single signal source.
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Example RSS Data Segment for a Single-antenna Device Providing No Phase Information, with
One Signal Source

2008-03-15,16:20:01.568,0,0,-83.22,0
2008-03-15,16:20:01.771,0,0,-83.17,0
2008-03-15,16:20:01.964,0,0,-82.89,0
2008-03-15,16:20:02.167,0,0,-82.83,0
2008-03-15,16:20:02.362,0,0,-82.97,0
2008-03-15,16:20:02.566,0,0,-83.04,0
2008-03-15,16:20:02.770,0,0,-83.38,0

Example RSS Data Segment for a Dual-antenna Device Providing Phase Information, with One
Signal Source

2008-03-15,16:20:01.568,0,0,-83.22,1.22972
2008-03-15,16:20:01.771,0,1,-88.83,2.54263
2008-03-15,16:20:01.964,0,0,-82.89,1.26694
2008-03-15,16:20:02.167,0,1,-89.41,2.52346
2008-03-15,16:20:02.362,0,0,-82.97,1.22856
2008-03-15,16:20:02.566,0,1,-89.62,2.46119
2008-03-15,16:20:02.770,0,0,-83.38,1.13947

6.15.4.4.2 RSS Data Reported via Over-The-Air Messaging

In the case where RSS data are reported via over-the-air messaging, data records shall be generated in
a format identical to single lines of the data file format specified in Section 6.15.4.4.1 Alternatively, the
data may be transmitted by the EUT in a native format and converted to the specified format upon receipt
by a data parsing application.

6.15.4.5 Error Rate Data Format

This section specifies the format for EUT-generated error rate data used in the sensitivity search
process. The EUT shall generate data in the specified format, either directly or via an intermediate data
parser. This format is not applicable for the current A-GNSS sensitivity search methodologies defined in
Section 6.13.

6.15.4.51 Error Rate Data Stored Locally on EUT

Error rate data stored locally on the EUT during the sensitivity search process shall take the form of a
comma-delimited ASCII text file. Each row or line of the file shall contain a single time stamped
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measurement record. Each record shall terminate with a Carriage Return (decimal ASCII code 13) or

Carriage Return / Line Feed combination (decimal ASCII codes 13+10).

Each measurement record or file line shall contain 4 fields as specified below separated by commas:
. Date: YYYY-MM-DD (e.g. “2008-03-15")

. Time: HH:MM:SS.000 (e.g. “16:20:01.568”). 24-hour format. The number of decimal
points for fractional seconds shall depend on the available time resolution of the EUT's

underlying technology.

. Errors: Number of errors (bits, frames, packets, blocks, etc., depending on technology)
or acquisition failure count for sensitivity definitions based on probability of acquisition.

. Total: Total observed number of bits, frames, packets, blocks, etc. or acquisition attempt

count for sensitivity definitions based on probability of acquisition.

The date and time fields must represent accurate elapsed time over the data collection period, but they
are not required to be synchronized to a specific time-of-day reference. However, if these time stamps
are not explicitly synchronized to the time reference used by the range equipment, the test solution
developer must provide a mechanism to account for the time offset between EUT data and any

range-specific data (e.g., downlink power) collected simultaneously.

The example below shows an error rate data segment illustrating a hypothetical sensitivity search.
Although not required, error rate data are typically reported at a fixed interval representing a fixed
number of bits, frames, packets, acquisition attempts, etc.

Example Error Rate Data Segment

2008-03-15,21
2008-03-15,21
2008-03-15,21
2008-03-15,21
2008-03-15,21
2008-03-15,21
2008-03-15,21

:40:
:40:
:40:
:40:
:40:
:40:
:40:

01.
02.
03.
04.
05.
06.
07.

568,0,602
571,0,602
564,0,602
567,0,602
562,1,602
566,4,602
570,17,602

6.15.4.5.2 Error Rate Data Reported via Over-The-Air Messaging

In the case where error rate data are reported via over-the-air messaging, data records shall be
generated in a format identical to single lines of the data file format specified in Section 6.15.4.5.1.
Alternatively, the data may be transmitted by the EUT in a native format and converted to the specified

format upon receipt by a data parsing application.

6.15.4.6 Final TIS Calculation

The final TIS and other spatially averaged quantities shall be calculated per Appendix B.3.3, Appendix
B.3.5 and Appendix B.3.6. In all cases, the linearized RSS values shall be used in the calculations.
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6.15.5 TIS Measurement of Low Transmit Duty-Cycle Devices

268

An underlying assumption in the TIS test methodologies described in Sections 6.2, 6.4 through 6.10, and
6.20 of this document is that the EUT is capable of supporting a moderate to high transmit duty-cycle
during normal operation. However, some EUTs are designed to transmit at full power for only a fraction of
each hour, and as a result, typically have a very small heatsink for the power amplifier and a relatively
low-capacity battery. Attempts to measure TIS using the current CTIA Certification methodology will, in
many cases, cause the EUT to be damaged due to excessive heat.

This TIS test methodology described below applies only to EUTs which have insufficient power/thermal
capacity to maintain the cellular link for at least 50% of the execution time of a single channel TRP or TIS
test. It applies regardless of cellular radio mode, so it may be utilized, as applicable, for any EUT which
would otherwise be tested according to Sections 6.2, 6.4 through 6.10, and 6.20 of this document.

1.

10.

If the EUT supports multiple cellular radio modes, determine which cellular radio mode
includes the highest number of CTIA Certification normative bands. If more than one cellular
radio mode supports the same number of bands, the highest-order supported cellular radio
mode (e.g. LTE > UMTS) shall be selected to begin this test procedure.

Configure the network simulator so that the EUT output power will be approximately 10 dB
below full output power. It's not necessary to set the uplink power to exactly 10 dB below
full-power, it's only necessary to ensure that the EUT's uplink power setting on the network
simulator is known and maintained through the execution of all subsequent tests, except as
noted. The recommended device warm up time described in Clause 5 of this document
should be applied to the reduced output power.

With the network simulator set to command the EUT to operate at a reduced output power,
execute the TIS measurement process following the CTIA Certification procedure for the
airlink under test in the selected band.

Once radiated sensitivity data from all measurement points have been collected for the
selected band, determine the peaks in the EUT pattern per reference channel and orient the
measurement antenna(s) to the peak associated with the low-frequency reference channel.

With the measurement antennas at the antenna pattern peak as described in Step 4, obtain a
single radiated sensitivity (EIS) measurement on the band's first reference channel with
reduced power. Document the radiated sensitivity at this measurement location for reduced
power.

Command the EUT to transmit at full-power only long enough to obtain a single radiated
sensitivity (EIS) measurement on the selected band's first reference channel. Document the
radiated sensitivity at this measurement location for full power.

Repeat Steps 5 and 6 for the remaining two reference channels using the measurement
antenna locations corresponding to the peak in the EUT's antenna pattern at each reference
frequency determined earlier.

Once all EIS measurement data have been obtained, compare the EIS at the peak of the
antenna pattern while operating at full power in each of the reference channels to the
sensitivity measured at these measurement antenna positions (corresponding to the peak in
the EUT's pattern) at reduced power. Document the reduction in radiated sensitivity (if any, in
dB) between full and reduced power.

Calculate TRP and TIS for the EUT based on the reduced-power measurements. If the EIS
of the device was found to be reduced in Step 8, apply this reduction (in dB) as a correction
factor to the TIS measured at reduced power per reference channel in each band.

Intermediate-channel receiver sensitivity measurements shall be executed at full power using
the methodology currently specified in the CTIA Certification OTA Test Plan. If the number of
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6.16

intermediate channels is high, it may be necessary to allow the EUT to cool between
measurements.

Repeat Steps 2 through 10 for each additional band and cellular radio mode supported by the device. If
any subsequent cellular radio modes include bands not tested in Steps 2 through 10, follow a similar TIS
measurement methodology for the previously-untested band(s) or cellular radio mode(s).

LTE Two Downlink Carrier Aggregation

The number and type of measurements required to support TIS performance evaluation shall be
determined based on the CA specific test requirements for carrier aggregation testing as described in
Appendix O.8.2.

Several additional OTA sensitivity tests for CA OTA performance evaluation will be considered for future
study, including:

. Relative sensitivity on intermediate channels

6.16.1 Test Procedure

269

This procedure only applies to two-downlink carrier aggregation with a single uplink carrier on the PCC.
This procedure applies for both inter-band and intra-band cases.

Carrier Aggregation tests shall be executed as independent measurements of each CC. Therefore, CA
testing as described in this section provides an assessment of radiated sensitivity on each CC with the
EUT operating in the CA mode. A CA mode is defined as a specific combination of bands assigned to the
PCC and SCCs used in carrier aggregation. The CA test methodology described in this section is not
intended to provide a measurement of the EUT's aggregate throughput during CA operation.

CA sensitivity measurements shall be performed using data throughput on only one CC at a time as the
measurement metric. The EUT's CA receiver sensitivity corresponds to the minimum downlink signal
power required to provide a data throughput rate greater than or equal to 95% of the maximum
throughput of the reference measurement channel on the tested CC. The CA testing will be executed
using C-TIS, with all receivers active, following the guidance in the previous portions of Section 6. Refer
to Appendix A for set-up illustrations.

To remain consistent with 3GPP core specifications, the LTE system simulator and EUT shall be
configured per 3GPP 36.521-1, section 7.3A.3 (Reference Sensitivity Level for CA (inter-band DL CA
without UL CA) when executing tests against the inter-band CA combinations in Table 6-25. Intra-band
CA combinations in Table 6-25 require the LTE system simulator and EUT to be configured per 3GPP
36.521-1, Clause 7.3A.2 (intra-band contiguous DL CA without UL CA) or Clause 7.3A.4 (intra-band
non-contiguous DL CA without UL CA). In each case, the defaults specified in 3GPP TS 36.521-1 and
3GPP TS 36.508 shall be used as applicable. For a given downlink RF power level, throughput shall be
measured using the test procedure in section 7.3 of 3GPP TS 36.521-1 using the downlink and uplink
reference measurement channels defined in Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1 and
Table 6-25. For LTE Band 13, the settings in Table 6-25 shall take precedence over the settings in
Annexes A.2.2, A.2.3, and A.3.2 of 3GPP TS 36.521-1.

The LTE system simulator shall send continuous uplink power control “up” commands to the EUT to
ensure the EUT's transmitter is operating at maximum output power during the sensitivity searches of the
PCC or the SCC. As the 3GPP reference does not make any mention of p-Max, nor is p-Max included in
the default message content defined in 3GPP TS 36.508, p-Max shall not be signaled during attach
procedures or during measurements.
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When any SCC is the CC under test, the PCC is used only to provide control of the EUT, and therefore a
calibrated downlink power level to the EUT is not required. Labs may assign any desired antenna to
provide support for the untested CC so long as the selected antenna does not interfere with the tested
CC measurements. Labs are encouraged to confirm that the eNodeB's PCC output power and antenna
placement is sufficient to maintain a reliable radio link to the EUT in advance of beginning the execution
of a CA TIS test on the SCC. The DL of the untested CC should be configured to not impair the tested
CC. When executing intra-band CA TIS tests, it's recommended that the DL power on the untested CC
be limited in order to minimize the potential for interference from the test system to the tested CC.

The downlink power step size of the CA component carrier under test shall be no more than 0.5 dB when
the RF power level is near the LTE sensitivity level. The minimum RF power level resulting in a data
throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement
channel shall be recorded as the downlink power level corresponding to the 95% throughput percentage
(the data throughput rate is as defined in section 7.3A.2, 7.3A.3 or 7.3A4 of 3GPP TS 36.521-1 as
applicable). Care must be taken to ensure that the duration of the throughput measurement is sufficient
to achieve statistical significance according to Annex G.2 of 3GPP TS 36.521-1. The downlink signal
level for each EUT test condition shall be recorded for integration pursuant to Appendix B.3 to give a
single figure of merit referred to as Total Isotropic Sensitivity (TIS).

Typically, the maximum deviation in receive level measurements from peak to null of any one channel
does not exceed 30 dB. Therefore, the test facility may elect to initiate each sensitivity measurement
starting with the base station power set 30 dB above the lowest sensitivity level measured in order to
reduce the time required to search for the sensitivity floor. For points where this setting is below the target
sensitivity level, the sensitivity may be considered negligible for that location and the initial value used in
place of an actual measurement. TIS for the PCC and SCC shall be fully measured as described above
and calculated pursuant to Appendix B.3.

In order to reduce the need for communication tester upgrades or additions, testing LTE CA 2 DL
combinations in stand-alone LTE is allowed under certain conditions as long as the antenna tuning is set
according to the CA 2 DL combination that is being evaluated. The PCC TIS for a 2 DL CA combination
may be tested in stand-alone LTE mode with the antenna tuned for operation in the 2 DL CA
combination. The SCC TIS for a 2 DL CA combination may also be tested in stand-alone LTE mode with
the antenna tuned for operation in the 2 DL CA combination as long as the SCC is not susceptible to
harmonic, intermodulation or self-desense interference from the PCC TX.

For example, when evaluating an interband 2 DL CA case, CA_xA-yA, where x and y are the LTE bands
and the PCC is in LTE x, then the following tests are permitted:

1. TIS for x in CA xA-yA may be tested in stand-alone LTE x with the antenna tuned for
operation in CA_xA-yA.

2. TIS for y in CA xA-yA may be tested in stand-alone LTE y with the antenna tuned for
operation in CA_xA-yA when LTE y is not susceptible harmonic, intermodulation or
self-desense interference from LTE x.

Device manufacturers using dynamically tuned antennas should in general have a method of altering the
antenna tuning in order to do the necessary antenna tuning optimization during the R&D phase. In
general, the settings for the antenna tuner are stored in a tuning file. Consequently, the antenna tuning
can be modified by writing a different tuning file into the device. All the stand-alone LTE bands could be
tested using the normal tuning file. A second tuning file for testing the 2 DL CA modes could be created
where the antenna tuner settings for the stand-alone LTE bands are changed to the antenna tuner
settings for the associated 2 DL CA mode.
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The following LTE bands have channels that can only be tested in DL CA mode: 29

TABLE 6-25 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE'
A Prima Seconda
Agormer Component Component e See PCC SCC PCC UL RB PCC DL RB SCC DL RB
et Carrier (PCC) Carrier (SCC) Channel Channel Allocation Allocation Allocation
nglbl?latlon Band Band (MHz) (MHz)
50 RB with 50 RB with 50 RB with
650 900 RBstart=0 RBstart=0 RBstart=0
8004 650 32 RB with 50 RB with 50 RB with
CA 2A2A 2.3 5 5 10 10 RBstart=18 RBstart=0 RBstart=0
- 900 1150 50 RB with 50 RB with 50 RB with
RBstart=0 RBstart=0 RBstart=0
12 RB with 50 RB with 50 RB with
1150 650 RBstart=38 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
650 2000 RBstart=0 RBstart=0 RBstart=0
AAB 50 RB with 50 RB with 50 RB with
CA_2A-4A 2 4 10 10 900 2175 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
1150 2350 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
650 2450 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
CA_2A-5A 2 5 10 10 900 2525 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
1150 2600 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 25 RB with
650 5035 RBstart=0 RBstart=0 RBstart=0
PTG 50 RB with 50 RB with 25 RB with
CA_2A-12A 2 12 10 S 900 5095 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 25 RB with
1150 5155 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
650 5230 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
CA _2A-13A 2 13 10 10 900 5230 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
1150 5230 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
650 5800 RBstart=0 RBstart=0 RBstart=0
PRI 50 RB with 50 RB with 50 RB with
CA_2A-17A 2 7 10 10 900 5800 RBstart=0 RBstart=0 RBstart=0
50 RB with 50 RB with 50 RB with
1150 5800 RBstart=0 RBstart=0 RBstart=0
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TABLE 6-25 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRlER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL '\/lODE1

Aggracer_;i:tl;_on ci%i?{%g) cga%%l:’::;%%) Bw W choC | esce PCC UL RB PCC DL RB ScC DL RB
Combination Band Band (MHz) (MHz)

60 | 9720 | Talow | Resarco | Resanco

ms0 | o720 | Lelis | Resaeo | Reserco

o0 | 9520 | Taliow's | Resarco | Resanco

650 55290 5£B§2r‘t'1‘gh 5£B§2r\ttigh SSBES r\tl:i(t)h

M i * 0 | to | o0 | ssse0 | Tlttl | Geato | Resano

160 | 58630 | Lolts | Resao | Resarco

650 66486 5£B§2r‘t’i‘gh 5£B§2r\ttigh SSBSE r\tl:i(t)h

50 RBwith | 50 RBwith | 50 RBwith

CA_2A-66A 2 66 10 10 > - 5F({JBSRIZH=-?h STJB:I:rt:'Sh 5F({JB:;”='(:h

900 67086 RBstar‘ttIO RBstar‘ttIO RBStar\tZIO

1150 67286 5£B§2r‘t’fgh 5£B§2 r\tlii:)h SSBSE r\tl:i(t)h

2000 | 650 | Tplott | Reenco | Restaneo

CA_4A-2A° 4 2 10 10 2175 900 5£B§2r‘t’fgh 5£B§2r‘t’fgh 5£B§2r‘t’f(t)h

2350 1150 5£B§2r‘t’fgh 5£B§2 r‘tlii:)h SSBSE r\tl:i(t)h

2000 | 275 | Telott | Resnco | Restaneo

CA_4A-4A° 4 4 10 10 2175 2350 5£B§2r‘t’fgh 5£B§2r‘t’fgh 5£B§2r‘t’f(t)h

2050 | 2000 | Tplitt | Rpeanco | Restaneo

2000 | 2080 | Tlott | Reewnco | Restaneo

CA_4A-5A° 4 5 10 10 2175 2525 5£B§2r‘t’fgh 5£B§2r‘t’fgh 5£B§2r‘t’f(t)h

2050 | 2600 | Tpiott | Rpeanco | Restaneo
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TABLE 6-25  LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE'
Aggracer_;i:tl;_on ci%i?{%g) cga%%l:’::;%%) Bw W choC | esce PCC UL RB PCC DL RB ScC DL RB
Combination Band Band (MHz) (MHz)
2000 | 8035 | Tplitt | Rpenco | Restan-o
2050 | 5185 | Tpiot’s | Rewnco | Restaneo
2000 5230 5£B§2r‘t";‘:)h 52832 r\tlii:)h 52832 r\tlii:)h
haran ‘ " 0 | ro | ams |0 | Tlttl | edano | Resano
2050 | 6280 | Tpiotlt' | Rpeanco | Restaneo
2000 | 5800 | Tplitt | Rpeanco | Restaneo
CA_4A-17A5S 4 17 10 10 2175 5800 5£B§2r‘t’fgh 5£B§2r‘t’fgh 5£B§2r‘t’f(t)h
2050 | 6800 | ity | Rperco | Restaneo
2000 | o120 | Telitt | Reewnco | Restaneo
CA_4A-29A° 4 29 10 10 2175 9720 5£B§2r‘t’fgh 5£B§2r‘t’fgh 5£B§2r‘t’f(t)h
2050 | 9720 | Tpiott | Recwnco | Restaneo
2000 | 9820 | Tplitt | Rpeanco | Restan-o
CA_4A-30A° 4 30 10 10 2175 9820 5£B§2r‘t’fgh 5£B§2r‘t’fgh 5£B§2r‘t’f(t)h
2050 | 9820 | ity | Rpeanco | Restaneo
R N R R A
CA_5A-4A% 5 4 10 10 2525 2175 ZR% S'?aBrtV:Viztg SSBSE r\t:iigh 52832 r\t’:i(t)h
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TABLE 6-25  LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE'

pgamer cC:rIr_.lig]:r:Znt 33&%’211% PeC | SEC pcc scc PCC UL RB PCC DL RB SCC DL RB
Combination A n((F;CC) Carrllg n((?CC) (MHz) | (MHz) | Chanmmel | Channel Allocation Allocation Allocation
CA_5B2 5 5 10 10 2450 2049 2R583T3t\g£2 53332&'1 slngR,tI:r\tI::)h
225 | 2925 | Tpdanty | Resao | Restro
CA_5A-5A289 5 5 5 5 2029 2028 2§B§2r\tl\£:)h 2F§B§t:r\t/£:)h 2R5|3§2r¥£:)h
) 2625 2425 12 RB with 25 RB with 25 RB with
RBstart=13 RBstart=0 RBstart=0
225° | 225 | Tpiany | Resao | Restrneo
2490 | 59290 | ool | Recarco | Restro
CA_5A-66A5 5 66 10 10 2% b ZR%STaEitivgg SF(QJBsR,t:r\tI::)h Spgsigrﬁ:f)h
2525 | 670867 2R5I3 STaBI’tV:IZtg 5£B§2r\t':gh SSBSE r\t::(t)h
e ” ’ 5 | w0 | sms |0 | Tl | Radero | Restreo
5155 1150 ZFSBF;tBar‘;";? ZSBSE r‘tti:)h SSBSE r\tl:i(t)h
CA_12A-4p256 12 4 5 10 5095 2175 ZFE’BF;EXL? 2§B§2 r\tzii:)h 5£B§2 r\t’:i(t)h
515 | 230 | Toion's | Resan0 | Restneo
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TABLE 6-25  LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE"

Agerareton cC:r;lig]:r:Znt 33&%’211% PeC | SEC pcC scc PCC UL RB PCC DL RB SCC DL RB

Combination arrga;n(:CC) CarrlBe;n(gCC) (MHz) (MHz) Channel Channel Allocation Allocation Allocation
CA_12A-30A 12 30 5 10 5095 ggoo | 2O RBWIN | 20 B | S0 REMT
20 RBwith | 25 RBwith | 50 RBwith

CA_12A-66A255 12 66 5 10 5095 66786 RBstart=.5 RBstart=.0 RBstart=.0
CA_13A-2A 13 2 10 10 5230 900 o R O
CA_13A-4AS 13 4 10 10 5230 2175 o RB b O
CA_13A-48A 13 48 10 10 5230 | 55090 | oRowh O
CA_13A-66A 13 66 10 10 i Bl 158?2:;? SSBSR'tZ::gh SSBSR'tgr\t’:(t)h
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TABLE 6-25 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL |\/|ODE1

Aggracer_;i:tl;_on ci%i?{%g) cga%%l:’::;%%) Bw W choC | esce PCC UL RB PCC DL RB ScC DL RB

Combination Band Band (MHz) (MHz)
500 | 680 | oo | Resrco | Resarco

CA_17A-2A8 17 2 10 10 5800 900 é‘éza‘?’rt‘zgg 52832 r\t/ii:)h 52832 r\tlii:)h
500 | 1160 | ol | Resarco | Resarco
500 | 2000 | cpli | Resarco | Resarco

CA_17A-4A256 17 4 10 10 5800 2175 ;gzgrt\zgg slngR,tI: r\t/ii:)h 52832 Jiiéh
500 | 230 | ol | Resarco | Resarco
5800 | 66486 égg:zg’a 5£B§2r\t'iigh SSBSE r\t::i(t)h

CA_17A-66AZ56 17 66 10 10 2600 00786 é%gasrzgg SF(QJBsR,t:r\tI::)h 5§B§Z¥:§h
5800 | 670867 égg:zg’a 5£B§2r\t':gh SSBSE r\t::(t)h
5600 | 67286 | oo | Reswrco | Resarco
s065 | 8665 | oot | Resano | Reserico
865 | 8065 | ppcone | Resano | Reserco
8085 | 8715 | Totowo | Resano | Reserico
8065 | 9015 | Loiot | Resano | Reserico
soes | 30750 | L0 | Reserco | RBswrco
soes | 4tas0 | L0 | Reserco | RBswrco
o715 | 8085 | Loty | Resano | Reswrco
o015 | 8665 | Lot | Resano | Reserico
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TABLE 6-25  LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE'
Aggracer_;i:tl;_on ci%i?{%g) cga%%l:’::;%%) Bw W choC | esce PCC UL RB PCC DL RB ScC DL RB
Combination Band Band (MHz) (MHz)

8715 | 39750 | ottt | Resarco | Rbsnio
e * * 5 | 20 | ssss | aos20 | LlAMY | pteto | Reserco
o015 | 41400 | Lol | Resarco | Resario

920 | 650 | poiir | Resenco | Restaneo

M. ? i 0 | to | ee0 | so | paltWE | Resaro | Resano
920 | 1150 | Lol e | Resenco | Restaneo

920 | 2000 | £oiir | Rewnco | Restaneo

CA_30A-4A5 30 4 10 10 9820 2175 §5B Ssrtv:ig; SSBSE r\t/ii:)h 5£B§2 r\t’:i(t)h
920 | 230 | poiir | Resnco | Restaneo

920 | 2600 | poiir | Rewnco | Restaneo

CA_30A-12A 30 12 10 5 9820 5095 |§5B SFiaBrtV;/ig; SSBSE r\tlii:)h %:BEE r\;v=lt(l)1
CA_30A-29A 30 29 10 10 9820 9720 |§5B SFiaBrtV;/ig; SSBSE r\tlii:)h 52832 r\t’:i(t)h
9820 | 66486 égg:rt"fg; 5£B§2r\t'iigh SSBSE r\t::i(t)h

25 RB with 50 RB with 50 RB with

CA_30A-66A° 30 66 10 10 - - 258 SF:;rt:i: 5F;B:;rt='?h SF:JB:;nf(t)h
9820 670867 RBstart":'% RBstar\tZIO 018 r\t’:o

o820 | G72ge | ZRBwIN | S0 RBwith 50 RBwith
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TABLE 6-25  LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE'
Carrier Primary Secondary pcC sce
Aggregation ComPet) | Camncedty | BW BW | oSS, | oSCC, | PeCULRe PCC DL RS scc oL Ra
Combination Band Band (MHz) (MHz)
ao7s0 | w065 | pplt " | Resao | Reserio
R Y * 20 | 5 | aoe0 | mses | Tl U e tae0 | Resarieo
aas0 | moes |l U | Resano | Resrieo
30750 | 8715 | ‘epioiy’ | Resa0 | Reserico
SR Y * 20 | 5 | aoe0 | mses | pl U ote0 | Resrieo
a0 | o015 | Rl | Restaneo | Resrieo
30750 | 40620 | Tppl " | Resan0 | Restarco.
R Y + 20 | 20 | 40620 | arse0 | T llHN | TRl | Revano
aas0 | so7s0 | TRl | Resano | Rewaneo
39750 | 39948" | ! gg SaBrtV:gh 1 3?3 gaBrtV:gh 1 3?3 gasnv:gh
T R e el
i 40620 | 2081813 | 100 RBwith 100 RB with 100 RB with
RBstart=0 RBstart=0 RBstart=0
41490 | 4129212 13%5:’”";’2“ 1 gg;:nvlgh 1 3?3 Sz?rtvli(;h
55290 650 S0 RBwih | 50 RBwih | 50 RBwih
CA_48A-2A 48 2 10 10 55990 900 5£B§2 r\tziigh 5£B§2 r‘tlii:)h 5£B§2 r\t’:i(t)h
56690 1150 5£B§2r‘t’fgh 5£B§2 r‘tlii:)h SSBSE r\tl:i(t)h
55290 2450 5£B§2r‘t’fgh 5£B§2 r‘tlii:)h SSBSE r\tl:i(t)h
CA_48A-5A 48 5 10 10 55990 2525 SSBSE r\tlii:)h 5£B§2 r‘tlii:)h 5£B§2 r\t':i(t)h
56690 2600 5£B§2r‘t’fgh 52822 r‘tlii:)h SSBEE r\tl:i(t)h
55290 5230 5£B§2r‘t’fgh 52822 r‘tlii:)h SSBSRIg r\tl:i(t)h
AT ® " 10 | o | s | sas0 | it il | Rotano | Reserco
s6800 | 5230 | Tepin ' | Rosan0 | Resriso
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TABLE 6-25 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRlER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL |\/|ODE1
Aggraer_;iaetripn c?;ipr:{%g) c‘z‘;ﬁg:’::;%%) ‘B W ool | oesee PCC UL RB PCC DL RB ScC DL RB
Combination Band Band (MHz) (MHz)
55200 | 66486 5£B§2r‘t";‘:)h 52832 r\tlii:)h 52832 r\tlii:)h
50 RB with 50 RB with 50 RB with
55990 670867 R Betarte b 0 RB Wt
56690 | 67286 5£B§2r‘t";‘:)h 52832 r\tlii:)h 52832 r\tlii:)h
66486 2450 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
67086 2600 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
66486 5035 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; %:BFSE r\;v;t(l)w
67086 5155 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; %:BFSE r\;v;t(l)w
66486 5230 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
67086 5230 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
66486 5800 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
67086 5800 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
66486 9720 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
67086 9720 5;;;2 r‘;‘;“(’; 5FSBF$ r\?;'t('; SFSBFSE r\;v;t(l)w
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TABLE 6-25  LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MoDE
pSaer cc:;?:r?ént ggrcgfmﬂt PCC | scc peC sce FCoUNE pcc DL RB scc oL Re
Combination A n((F;CC) Carrllg n((?CC) (MH2) (MHz) | Channel | Channel Allocation Allocation Allocation
66486 9820 SF?BEE r‘;‘;“g SF?BEZ r\;\/:'tg SFEBEZ r\;v;tg
CA_66A-30A 66 30 10 10 66786 9820 ?Bigr‘ﬂg‘ ?Big:;? SF?BEZ r\;v=ltg
67086 9820 SF?BEE r‘;‘;“g SF?BEZ r\;\/:'tg SFEBEZ r\;v;tg
66486 | 55290 ?BEE r‘;‘;“g SF?BEZ r‘:’;tg SF?BEZ r\;vit(;w
CA_66A-48A2 66 48 10 10 o780 | 999% SFEBEEX;? SFEBEEX;? SFEBF;Z:;?
67086 | 55290 SFEBZZ::(? SFEBZZ::(? 5F;)B§t2 r\;vit(;w
67086 | 56690 5F£’B§t2 r‘;"j(')’ 5FSBFS<2 r‘:’:'t('; SFSBF;tBa r\;v;t(l)w
eos36 | 66734" | o oMY | Redro | Rbsiarto
CA_66C%15 66 66 20 20 66786 | 6698413 13%5;\':2*1 13% Sznv:iéh 1?{% SaBrtV:gh
o703 | 67234 | 'oooo " | Redrco | Rbsrto
66486 | 67286 5F£’B§t2 r‘;"j(')’ 5FSBFS<2 r‘:’:'t('; SFSBF;tBa r\;v;t(l)w
i 66786 | 66486 5F£’B§t2 r‘;"j(')’ 5FSBFS<2 r‘:’:'t('; SFSBF;tBa r\;v;t(l)w
67086 | 66786 5F£’B§t2 r‘;"j(')’ 5FSBFS<2 r‘:’:'t('; SFSBF;tBa r\;v;t(l)w
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TABLE 6-25 LTE CARRIER AGGREGATION MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) TIS
MEASUREMENTS TABLE FOR THE PRIMARY MECHANICAL MODE1
Carrier JIEL SEETILELY PCC scc
Aggregation Corpponent Corpponent BW BW PCC SCC PCC UL_RB PCC DL_RB ScC DL_RB
Combination Carrga;n(:CC) CarrlBe;'n(gCC) (MHz) (MHz) Channel Channel Allocation Allocation Allocation
CA_70C 70 70 15 10 68411 68531 EBEE r‘:’;tg EBEE r‘:’;tg 5F;)B':tBa r‘:’;tg

Note 1: Primary Mechanical Mode refers to device configured in preferred mode per manufacturer instructions (typically means antenna extended, fold or
portrait slide open, but depends on form factor).

Note 2: This combination creates harmonic, intermodulation, or self-desense interference to the SCC. When measuring the PCC, the power level of the
SCC shall be adjusted as needed to maintain the LTE carrier aggregation connection and error free operation on the SCC.

Note 3: An additional set of channel conditions was added for CA_2A-2A to address the case where Wgap is <= 10 (per Table 7.3.1A-3 of 3GPP TS
36.101).

Note 4: TIS testing is not required for the PCC on channel 800. TIS testing is only required for the SCC on channel 650.

Note 5: If the device supports both CA_4A-xA and CA_66A-xA (where x is the band number of the SCC), then testing is only required in CA_66A-xA.
Similarly, if the device supports both CA_xA-4A and CA_xA-66A (where x is the band number of the PCC), then testing is only required in
CA_xA-66A.

Note 6: If the device supports both CA_12A-xA and CA_17A-xA (where x is the band number of the SCC), then testing is only required in CA_12A-xA.
Similarly, if the device supports both CA_xA-12A and CA_xA-17A (where x is the band number of the PCC), then testing is only required in
CA_xA-12A.

Note 7: When there is a Band 66 SCC on channel 67086, TIS testing is not required on the PCC. TIS testing is only required on the Band 66 SCC on
channel 67086.

Note 8: An additional set of channel conditions was added for CA_5A-5A to address the case where receiver sensitivity relaxation is allowed per Table
7.3.1A-3 of 3GPP TS 36.101.

Note 9: Single point offset testing using the pattern data from standalone mode is not allowed when the channel bandwidth in CA mode is different from
the channel bandwidth in standalone mode.

Note 10: TIS testing is not required for the PCC on channel 2425 when the SCC is on channel 2625. TIS testing is only required for the SCC on channel
2625.

Note 11: TIS testing on the SCC is not required when the antenna configuration remains the same when the PCC changes to the mid channel.

Note 12: TIS testing on the SCC is not required when the antenna configuration remains the same when the PCC changes to the low channel.

Note 13: TIS testing on the SCC is not required when the antenna configuration remains the same when the PCC changes to the high channel.

Note 14: TIS testing is not required on the Band 66 PCC on channel 67086. TIS testing is only required on the Band 48 SCC on channel 55290.

Note 15: Since all Band 66-capable devices are required to support both CA_66B and CA_66C per 3GPP TS 36.101, testing of CA_66B is not required.

Hand phantom only and/or free-space testing shall be conducted based on device type, as specified in
Appendix O. Refer to Appendix C for hand testing requirements. Perform each test on all supported CA
modes defined in Table 6-25 according to the use cases associated with each band as specified in with
the EUT antenna extended and retracted, as applicable.

Note: Head-adjacent testing is not required for LTE CA.

Note: EUTs incapable of supporting the aggregated channel BW associated the CA modes specified in
Table 6-25 do not need to be tested.

6.16.2 Criteria

Results shall be reported as specified in Appendix B using the figures of merit given in Appendix B.3.
Appendix B.1 contains the pass/fail OTA tables for 2 downlink LTE carrier aggregation. Reports shall
include results for free-space and hand only configurations (if applicable) across all applicable channels
defined in Table 6-25. When applicable, the receiver performance in all CA band combinations shall be
measured once with the EUT antenna extended and again with it retracted.
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C-TIS shall meet the limits for the PCC and the SCC as shown in Table 6-26.

TABLE 6-26 LTE MAXIMUM C-TIS LEVEL REQUIREMENTS FOR PCC AND SCC IN CARRIER AGGREGATION
MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) FOR THE PRIMARY MECHANICAL Mope'

. . Device Held Up to Device
Carrier Aggregation PCC/SCC Head for Voice Width Free HL and HR
Combination (Yes/No) (mm)2 Space
<72 TBD TBD
Yes?*
PCC >72 TBD TBD
5
CA_2A2A% No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_2A4A No All TBD N/A
. <72 TBD TBD
Yes
sScC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
PCC >72 TBD TBD
5
CA 2A-5A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA 2A-12A No All TBD N/A
. <72 TBD TBD
Yes
sScC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
PCC >72 TBD TBD
5
CA 2A-13A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
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TABLE 6-26 LTE MAXIMUM C-TIS LEVEL REQUIREMENTS FOR PCC AND SCC IN CARRIER AGGREGATION
MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) FOR THE PRIMARY MECHANICAL Mope'

q - Device Held Up to Device
Carrier Aggregation PCC /SCC Head for Voice Width Free HL and HR
Combination (Yes/No) (mm)2 Space
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA 2AATA No All TBD N/A
. <72 TBD TBD
Yes
S{ele} >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
pcC >72 TBD TBD
5
CA_2A-29A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_2A-30A No All TBD N/A
<72 TBD TBD
Yes?
Scc >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
PCC >72 TBD TBD
5
CA_2A-48A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_2A-66A No All TBD N/A
. <72 TBD TBD
Yes
Scc >72 TBD TBD
No® All TBD N/A
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TABLE 6-26 LTE MAXIMUM C-TIS LEVEL REQUIREMENTS FOR PCC AND SCC IN CARRIER AGGREGATION
MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) FOR THE PRIMARY MECHANICAL Mope'

q - Device Held Up to Device
Carrier Aggregation PCC /SCC Head for Voice Width Free HL and HR
Combination (Yes/No) (mm)2 Space
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_4A-2A No All TBD N/A
. <72 TBD TBD
Yes
S{ele} >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
pcC >72 TBD TBD
5
CA_4A4A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_4A5A No All TBD N/A
. <72 TBD TBD
Yes
Scc >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
pcC >72 TBD TBD
5
CA_4A-12A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_4A13A No All TBD N/A
. <72 TBD TBD
Yes
Scc >72 TBD TBD
No® All TBD N/A
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TABLE 6-26 LTE MAXIMUM C-TIS LEVEL REQUIREMENTS FOR PCC AND SCC IN CARRIER AGGREGATION
MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) FOR THE PRIMARY MECHANICAL Mope'

q - Device Held Up to Device
Carrier Aggregation PCC /SCC Head for Voice Width Free HL and HR
Combination (Yes/No) (mm)2 Space
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_4AATA No All TBD N/A
. <72 TBD TBD
Yes
S{ele} >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
pcC >72 TBD TBD
5
CA_4A-29A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_4A-30A No All TBD N/A
. <72 TBD TBD
Yes
Scc >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
PCC >72 TBD TBD
5
CA_5A2A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_5A4A No All TBD N/A
<72 TBD TBD
Yes?
Scc >72 TBD TBD
No® All TBD N/A

285 © 2001 - 2021 CTIA Certification. All Rights Reserved.



Test Plan Version 3.9.2

TABLE 6-26 LTE MAXIMUM C-TIS LEVEL REQUIREMENTS FOR PCC AND SCC IN CARRIER AGGREGATION
MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) FOR THE PRIMARY MECHANICAL Mope'

q - Device Held Up to Device
Carrier Aggregation PCC /SCC Head for Voice Width Free HL and HR
Combination (Yes/No) (mm)2 Space
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA 5B No All TBD N/A
. <72 TBD TBD
Yes
S{ele} >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
pcC >72 TBD TBD
5
CA_5A5A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_5A-30A No All TBD N/A
. <72 TBD TBD
Yes
Scc >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?*
PCC >72 TBD TBD
5
CA_5A-48A No All TBD N/A
<72 TBD TBD
Yes?*
SCC >72 TBD TBD
No® All TBD N/A
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_5A-66A No All TBD N/A
. <72 TBD TBD
Yes
Scc >72 TBD TBD
No® All TBD N/A
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TABLE 6-26 LTE MAXIMUM C-TIS LEVEL REQUIREMENTS FOR PCC AND SCC IN CARRIER AGGREGATION
MODE (2 DOWNLINK CARRIERS, 1 UPLINK CARRIER) FOR THE PRIMARY MECHANICAL Mope'

q - Device Held Up to Device
Carrier Aggregation p A Free
Combination PCC/SCC Heazg:g/h\cl’c)nce (V'\‘I:gt)g Space HL and HR
<72 TBD TBD
Yes?
PCC >72 TBD TBD
5
CA_12A-2A No All TBD N/A
4 <72 TBD TBD
Yes
SCC >72 TBD TBD
No® All TBD N/A
<72