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Use Instructions

All testing shall be performed in a CTIA Certification Authorized Test Lab and shall be initiated through
one of the following methods:

1. By submitting a PTCRB or IoT Network Certified device certification request at
https://certify.ptcrb.com/

2. By submitting an OTA Test Plan use request at https://certify.ctiacertification.org/

CTIA Certification LLC
1400 16th Street, NW
Suite 600

Washington, DC 20036

1.202.785.0081

programs@ctiacertification.org

ctiacertification.org/test-plans/
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Section 1 Introduction

1.1 Purpose

The purpose of this document is to define the positioning guidelines used in OTA testing.
1.2 Scope

This document defines general requirements for the positioning of wireless devices to ensure the
accurate, repeatable, and uniform OTA testing.

1.3 Acronyms and Definitions
The following specialized terms and acronyms are used throughout this document.

Table 1.3-1 Acronyms and Definitions

Acronym/Term Definition
ATL Authorized Test Lab
CPU Central Processing Unit
DL Down Link
DML Data Mode-Landscape
DMP Data Mode-Portrait
DMSU Data Mode Screen Up
DUT Device Under Test
EIRP Effective Isotropic Radiated Power
EIS Effective Isotropic Sensitivity
LCD Liquid Crystal Display
LE Left Ear
M Mouth
MIMO Multiple Input Multiple Output
MPAC Multi-Probe Anechoic Chamber utilized for the assessment of MIMO-capable devices.
OTA Over the Air
PDA Personal Digital Assistant
RE Right Ear
RTS Radiated Two Stage
8 © 2001 - 2025 CTIA Certification. All Rights Reserved.
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Acronym/Term Definition
SAM Specific Anthropomorphic Mannequin
SISO Single Input Single Output
TIS Total Isotropic Sensitivity
TRP Total Radiated Power
uwB Ultra-Wide Band
VoLTE Voice over LTE
WLAN Wireless Local Area Network
WWAN Wireless Wide Area Network

1.4 Document References

The following documents are referenced in this test plan:

Document Number, Document Name

(1

CTIA 01.01, Test Scope, Requirements, and Applicability

2l

CTIA 01.73, Supporting Procedures

&)

CTIA 01.70, Measurement Uncertainty

4

B. Yanakiev, J. Nielsen, M. Christensen, G. Pedersen: Antennas in Real Environments, EUCAP, 2011

(]

CTIA 01.40, Test Methodology, MIMO, Anechoic Chamber

(6]

CTIA 01.21, Test Methodology SISO Reverberation Chamber (Informative)

Yl

IEEE 149-1979.R2008
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Section 2 Generic Test Set-up Configurations

This section defines the required orientation of the DUT and any required phantoms relative to a
Cartesian (XYZ) coordinate system and illustrates the starting orientation of that coordinate system for the
typical spherical measurement systems (distributed or combined axes). It also includes schematics of
typical instrumentation configurations. Alternate setups are allowed as long as they meet the criteria
specified in this Test Plan and any additional uncertainty contributions are accounted for. The general
requirement is that the test setup be capable of holding the DUT in any configuration suitable to its use
case (see CTIA 01.01 [1]). The performance of the test site must be determined as detailed in CTIA 01.73

[2].
The DUT shall be tested in a normal operating state but shall be configured as follows (as applicable).
Any additional setup guidelines specific to a test method or device type provided elsewhere in this
document will supersede these guidelines.
The manufacturer shall provide instructions to the ATL for placing the DUT in this state.
o Transmitting radios:

o WWAN - On

o  WLAN (Wireless Local Area Network) - Off

o Bluetooth™ - Off

o  WIMAX™ - Off

o UWB (Ultra Wideband) - Off

o All other embedded transmitting radios that are not being tested - Off

o Power Settings

o Device should be placed into normal operating mode (minus the radio
configuration as explained above)

o Power by battery to reduce interference (standard manufacturer's battery) unless
explicitly permitted or required elsewhere in the suite of CTIA OTA test plan
documents.

21 Positioning Requirements and Coordinate Systems

The test system must be capable of holding the DUT and any associated phantoms (defined in this
section). The hardware and positioners used to accomplish this must be made of low dielectric material
(dielectric constant less than 5.0 and a loss tangent less than 0.05) so as to produce a minimal impact on
overall measurement uncertainty. The measurement uncertainty due to any components not included in
the ripple test shall be assessed according to CTIA 01.70 [3]. As the DUT could be held in multiple
configurations (free space, head and hand phantom [left and right], hand phantom only [left and right]),
considerable care must be given to the design and implementation of the DUT holding fixtures so as to
meet all of these requirements.

All of the fixtures and tools referenced shall be fabricated using the CAD files obtained from CTIA.
Contact cpwg@ctiacertification.org to obtain CAD files.
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While different spherical measurement systems may require a different starting orientation of the DUT, the
relative coordinate system for the DUT and phantoms shall remain the same independent of test site
implementation.

The following subsections detail the positioning requirements and coordinate systems for the various
required test configurations.

2.2 Positioning Requirements Hand-Held Devices
2.2.1 Free-Space
The “free-space” position and coordinate system are defined as follows:

1. Ready the DUT for operation, if necessary.

2. Define two imaginary lines on the DUT: the vertical centerline and the horizontal line. The
vertical centerline passes through two points on the front side of the DUT: the midpoint of
the width w; of the DUT at the level of the earpiece (point A on Figure 2.2.1-1) and the
midpoint of the width w, of the bottom of the DUT (point B). The horizontal line is
perpendicular to the vertical centerline and passes through the center of the earpiece (see
Figure 2.2.1-1). The two lines intersect at point A. Note that for many DUT's, point A
coincides with the center of the earpiece, however, the earpiece may be located elsewhere
on the horizontal line. Also note that the vertical centerline is not necessarily parallel to the
front face of the DUT (see Figure 2.2.1-1), especially for fold DUT's, DUT's with flip pieces,
and other irregularly-shaped DUT's.

3. Define a Cartesian coordinate system with the origin at point A, where the positive Z-axis
is along the line from B to A, the positive Y-axis is along the horizontal line and points to
the “right” of the phone face, and the positive X-axis is orthogonal to the Y-Z plane and
points away from the face of the phone. Figure 2.2.1-2 illustrates this coordinate system
definition for three typical case styles of DUT. In all cases, the longitudinal direction of the
DUT is the Z-axis, and the right-hand rule is used to define the X- and Y-axes.

11 © 2001 - 2025 CTIA Certification. All Rights Reserved. CTlA
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MONOBLOCK PORTRAIT SLIDE Folp
Vertical Vertical Yertical
Centerine Centerine Centerline
w2 w2 Wi w2 w2
Harizontal
Centerine

Horizontal

Centerline
A
Acoustic

Bofttom of

MoNOBLOCKE

FoLD

+X-axis

+X-axis

Bottom of
Handset

Figure 2.2.1-2 DUT Coordinate System - Free Space

Note that monoblock DUTs are also referred to as candy bar phones. Fold DUTs are also referred to as
clam shell phones.
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2.2.2 Head Phantom Only

The head phantom only configuration is used to simulate talk position, in cases for which no standard
hand phantom is available (see Section 2.1.2.1.1 of CTIA 01.01 [1]).

The DUT shall be mounted in “cheek” position on the head phantom. This position and its coordinate
system are defined as follows:

1. Follow steps 1 and 2 from section 2.2.1.

2. Figure 2.2.2-1 shows the profile of the SAM head phantom. Indicated are the locations of
the right ear (RE) point and the mouth (M). The corresponding left ear point (LE) being on
the head phantom's corresponding left side. Position the DUT close to the surface of the
SAM head phantom such that point A is on the (virtual) extension of the line passing
through points RE and LE on the head phantom (see Figure 2.2.2-2), and so that the plane
defined by the vertical center and the horizontal line of the phone is approximately parallel
to the sagittal plane of the head phantom.

3. Translate the DUT towards the head phantom along the line passing through RE and LE
until the DUT touches the ear.

4. While maintaining the DUT in this plane, rotate it around the LE-RE line until the vertical
centerline is in the plane normal to MB-NF including the line MB (called the reference
plane).

5. Rotate the DUT around the vertical centerline until the phone (horizontal line) is
symmetrical with respect to the line NF.

6. While maintaining the vertical centerline in the reference plane, keeping point A on the line
passing through RE and LE and maintaining the DUT contact with the ear, rotate the DUT
about the line NF until any point on the DUT is in contact with a head phantom point below
the ear (cheek). See Figure 2.2.2-2.

7. Define a Cartesian coordinate system with the origin at point A (RE or LE), where the
positive Z-axis is perpendicular to the top of the SAM head phantom, the positive X-axis
pointing away from the face of the phantom, and the positive Y-axis along the RE-LE line
in the LE direction. Figure 2.2.2-3 illustrates this coordinate system definition both the right
and left ears. As an alternative, the origin of the coordinate system may be moved along
the Y-axis while maintaining the orientation of the coordinate system such that the X-Z
plane is in the center of the phantom as illustrated in Figure 2.2.2-4 provided the uncertainty
contribution in Section 2.9.1.1 of CTIA 01.70 [3] is applied.
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14

Figure 2.2.2-1 SAM Head Phantom with Mouth and Ear Locations
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Figure 2.2.2-2 DUT Position; “Cheek” or “Touch” Positions for Right Ear

A +y-Axis
LE
RE +X-Axis

+Y-Axis +X-Axis

Figure 2.2.2-3 Definition of Coordinate System for SAM Head Phantom
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A +Y-Axis
LE
+X-Axis
-

RE

Figure 2.2.2-4 Alternate Coordinate System for SAM Head Phantom

2.2.3 Head and Hand Phantom (“Talk Mode”)

The head and hand phantom configuration is used to simulate the same “talk mode” of operation as the
head-only configuration of Section 2.2.2, but is intended to be more realistically representative because it
also includes the hand. Additionally, the head and hand “talk mode” configuration specifies that the DUT
not be in direct physical contact with the cheek of the head phantom, but rather, tilted away from the
cheek by an angle of 6°. This “six degrees from touch position” is based on user studies and is intended
to more realistically represent real-world operation of the DUT.

Standard positioning of the DUT in the hand phantom varies with the choice of hand phantom being used.
The choice of hand phantom for a given DUT is defined in Section 2.1.2.1.1 of CTIA 01.01[1]. The
positioning of the DUT in each type of hand phantom is defined in the subsequent subsections, Section
2.2.4 through 2.2.6.

Positioning of the combined hand+DUT against the head is analogous to the positioning of the DUT for
the head-only configuration of Section 2.2.2 with the exception that the 6° tilt angle from the cheek is used
instead of direct contact with the cheek of the head phantom. The same coordinate system and reference
points previously defined on the head phantom and DUT are used. The alternate coordinate system
shown in Figure 2.2.2-4 may be used if the additional ripple test according to Section 5.4 of CTIA 01.73
[2] has been performed and the results are included in the uncertainty calculation.

Finding the correct “6° from touch” position against the head phantom may be difficult while the DUT is in
the grasp of the hand phantom - in particular, the fingertips of the hand phantom may extend beyond the
face of a thin DUT and act as an obstruction. An optional mask spacer is available for the head phantom,
to assist with locating and maintaining the DUT in the desired “6° from touch” position. The mask is a 32
mm wide conformal strip, created by sweeping the surface of the head phantom through a 6° rotation
about the ear. Direct DUT contact against the mask thus establishes the required 6° spacing away from
the head, regardless of DUT form factor. The material for the head phantom mask spacer shall be solid
with a dielectric constant of less than 1.3 and a loss tangent of less than 0.003. Material additions around
the nose, mouth, or opposite side of the head phantom may help to fix the mask spacer onto the head
phantom.

In the situation where the fingertips of the hand phantom obstruct the DUT from touching the mask in the
cheek region, then the hand+DUT will be rotated beyond 6° such that the fingertips just touch the head
phantom.
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(a) Right-sided positioning of the mask spacer

-

-y

Figure 2.2.3-1 Optional Head Phantom Mask Spacer on SAM Head Phantom

The DUT shall be mounted in a suitable hand phantom and placed in a tilted position (cheek + 6 degrees)
on the head phantom.

1. Ready the DUT for operation, if necessary.

2. Mount the DUT onto the palm spacer and place it in the hand phantom, as defined in the
appropriate subsequent subsection (2.2.4 through 2.2.6) for the type of hand phantom
being used. This subassembly of hand phantom, palm spacer and DUT is now referred to
as the “hand+DUT.”

3. If the optional 6 degree head phantom mask spacer will be used, then affix it to the head
phantom as shown in Figure 2.2.3-1 utilizing the appropriate right-sided or left-sided
configuration.

4. Orient the hand+DUT so that the DUT is facing the head phantom with its vertical
(longitudinal) centerline aligned in the reference plane (as indicated by an engraved line
passing through the ears and mouth of the head phantom) and its acoustic output oriented
toward the ear.

5. If necessary, rotate the hand+DUT around the vertical centerline of the DUT so that its
contacting edge at the acoustic output is parallel to the flat plane of the ear on the head
phantom. Note that the flat ear surfaces of the head phantom are not vertical but rather
tapered slightly inward at the bottom.

6. While keeping the DUT vertical centerline aligned with the reference plane marking on the
head phantom, translate the hand+DUT toward the head phantom until the DUT makes a
flat, two-point contact with the ear. The horizontal line passing through the acoustic output
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of the DUT (as defined in Section 2.1) should be aligned with the perpendicular NF line
marking that crosses through the ear.

7. Rotate the hand+DUT about the ear axis (i.e., the perpendicular NF line) until any third
point on the DUT makes physical contact. If the device is thin and the mask spacer is not
being used, it may be necessary to bend away the flexible fingers of the hand phantom to
allow contact between the head phantom and the DUT without obstruction. If the head
phantom mask spacer is used, rotate the hand+DUT about the ear axis (i.e., the
perpendicular NF line) until any third point of the hand+DUT makes physical contact with
either the head phantom mask spacer or the surface of the head phantom itself.

8. If the mask spacer is not being used, then it is necessary to again rotate the hand+DUT
about the ear axis (i.e., the perpendicular NF line) back away from the head phantom by 6
degrees from the three-point touch position. If the fingers of the hand phantom were bent
to allow contact between the head phantom and the DUT without obstruction, then they
shall be moved back to their proper positions. If it is not possible to reposition the fingers
due to interference with the head phantom, then the DUT shall be rotated further away
from the head until the fingers, when positioned correctly, just touch the head phantom.

The assembled head and hand configuration is shown in Figure 2.2.3-2 for an example DUT tested with
the monoblock hand phantom and palm spacer in both right-sided and left-sided configurations.

The tolerance on the tilt angle specified in step 7 or 8 must be within £2°. The tilt angle tolerance using
the mask spacer shall be assessed by the ATL or the tilt angle shall be able to be measured using a scale
that is an integral part of the fixturing or with a suitable gauge. The tilt angle r, is defined in Section

2.13.2.5.2 of CTIA 01.70[3].

Section 2.13.2.6 of CTIA 01.70 [3] gives an example of the uncertainty assessment for DUT positioning
using a value for r,(deg) of £0.5°. The actual angular uncertainty for r, shall be used to calculate the DUT

positioning measurement uncertainty.
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Figure 2.2.3-2 Head and Hand Configuration (A) With and (B) Without Mask Spacer (Right), (C) With and (D) Without
Mask Spacer (Left)

2.2.4 Mounting Monoblock DUT in Monoblock Hand Phantom for Talk Mode

This procedure applies to mounting monoblock DUTSs, closed portrait slide DUTs and closed rotator DUTS,
when the DUT is less than 56 mm wide.

User grip studies indicate that the average grip for this type of DUT has the index finger pressing against
the back, the ring finger in contact with the DUT at the bottom, and the pinky finger not touching the DUT.
To help maintain a consistent, repeatable positioning that conforms to the grip studies, an alignment tool
with evenly spaced rulings is first used to measure the DUT. The DUT is then positioned in accordance
with ruled markings on a conformal palm spacer. Alignment Tool A (see Figure 2.2.4-1) features a 120°
interior corner to help ensure that the ring fingertip lands in the desired position at the bottom of the DUT,
regardless of any curvature in the DUT corners. There are two ruled scales: a bottom ruler (measuring
down from the 120° corner) and a side ruler (measuring up from the 120° corner). The DUT is placed so
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as to fit into the 120° corner and is measured from the bottom ruler. DUTs with rounded corners will sit
lower in the tool than DUTs having square corners, and thus give a different reading.

1. Place the DUT face-up in Alignment Tool A with its side along the side ruler, and slide it
down until it makes contact at the 120° corner as shown in Figure 2.2.4-1.

2. Measure and record the bottom of the DUT by reading off the bottom ruler of Tool A.

3. Observe the top of the DUT against the side ruler of the tool. If the top of the DUT extends
past the 120 mm marking on the side ruler, then the additional length beyond 120 mm shall
be added to the reading from step 2.

4. Position the DUT on the monoblock palm spacer (Figure 2.2.4-2). The vertical centerlines
of the DUT and the palm spacer shall be superposed. The bottom of the DUT shall be lined
up with the ruled marking on the palm spacer that corresponds to the reading from the
alignment tool, as determined in steps 2 and 3. The DUT may optionally be affixed to the
palm spacer with the help of touch fastener material.

5. Position the conformal palm spacer, with DUT, into the grasp of the monoblock hand
phantom. Ensure that the index fingertip contacts the back of the DUT and the ring finger
contacts the side of the DUT near its bottom.
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Figure 2.2.4-1 Alignment Tool A

The material for the monoblock palm spacer shall be hollow with a wall thickness less than 2 mm, and a
dielectric constant of less than 5.0 and a loss tangent of less than 0.05 or it shall be solid with a dielectric
constant of less than 1.3 and a loss tangent of less than 0.003. It may feature an optional groove or cavity
to accommodate touch fastener material.
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Note: A mirror-image configuration of the palm spacer shall be used for the lefi-handed mopnokleck arip.

Figure 2.2.4-2 Monoblock Palm Spacer

2.2.5 Mounting Fold DUT in Fold Hand Phantom for Talk Mode

This procedure applies to fold and open portrait slide/rotator DUTs when the DUT is less than 56 mm
wide.

User grip studies indicate that the average grip for this type of DUT has the index finger pressing against
the back of the flip above the hinge, and the thumb and remaining fingers gripping the base below the
hinge. To help maintain a consistent, repeatable positioning that conforms to the grip studies, an
alignment tool with evenly spaced rulings is first used to measure the DUT. The DUT is then positioned in
accordance with ruled markings on a conformal palm spacer. Alignment Tool B (see Figure 2.2.5-1)
features two rounded humps upon which the DUT is suspended. One hump represents the index fingertip
of the hand phantom, while the other represents the palm spacer. This design helps ensure that the index
finger remains in contact with the flip for any fold DUT geometry, regardless of hinge position or fold angle.
The tool also features a line marking along its side wall, for aligning the DUT hinge axis of rotation for
consistent positioning. The ruled scale for measuring the bottom of the DUT is split-level in order to

minimize parallax discrepancies when measuring DUTs that are suspended above the ruler by their fold
angle.

1. Open the DUT and rest it face-up on Alignment Tool B with its hinge suspended between
the two humps, as shown in Figure 2.2.5-1 and Figure 2.2.5-2. The side of the DUT shall
be aligned against the side wall of the tool. The base of the DUT shall rest on the wide
hump with ruled markings, and the flip of the DUT shall rest on the narrow hump.

2. If afold DUT, then slide the DUT longitudinally so as to align its hinge axis of rotation with
the line marking engraved on the side wall of the tool, as closely as possible such that the
DUT is not physically lifted off from either hump of the tool (Figure 2.2.5-1). If an open
portrait slide or rotator DUT, then slide the DUT longitudinally until the base part of the DUT
touches the narrow hump of the tool (Figure 2.2.5-2).

3. Measure and record the bottom of the DUT by reading off the bottom ruler of Tool B.
Visually align the two halves of the split-level ruler to minimize parallax reading error.
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4. Position the conformal fold palm spacer (Figure 2.2.5-3) in the fold hand phantom
corresponding to the right-handed or left-handed configuration.

5. Position the DUT in the fold hand phantom, resting on the index fingertip and palm spacer,
with the bottom of the DUT aligned to the ruling on the palm spacer that corresponds to
the reading from step 3. Ensure that all fingertips are in contact with the DUT. Touch
fastener material may be used to affix the DUT to the palmspacer.

line marking
(for EUT hinge axis)

hings axis of rotaticn /\ 'e:: m!._:r
aligned with ine marking =4 ol
I scales
\ | algned

narrow hump

(index fingertip) split-level

wide hump ruler

(palm spacer)

Figure 2.2.5-1 Alignment Tool B and Usage with Fold DUT

read ruler
A with both
scales
aligned

touches
base part
of EUT

Figure 2.2.5-2 Usage of Alignment Tool B with Open Portrait Slide DUT

The material for the fold palm spacer shall be hollow with a wall thickness less than 2 mm, and a dielectric
constant of less than 5.0 and a loss tangent of less than 0.05 or it shall be solid with a dielectric constant of
less than 1.3 and a loss tangent of less than 0.003. It features a split-level ruler to avoid parallax errors,
and a groove to accommodate touch fastener material.
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Note: A mirror-image configuration of the palm spacer shall be used for the left-handed fold grip.

Figure 2.2.5-3 Fold Paim Spacer

2.2.6  Mounting Wide DUT in PDA Hand Phantom for Talk Mode
This procedure applies to DUTs 56 to 72 mm wide, for talk position.

User grip studies have shown that the average grip for this type of DUT has the index finger pressing
against the back near the top and the thumb at the side. To help achieve a consistent positioning that
conforms to the grip studies, the DUT is aligned to the PDA palm spacer (see Figure 2.2.6-1). No
alignment tool is required. The PDA spacer features side and bottom walls to help ensure consistent
alignment of DUTs of various sizes.

1. Place the DUT on the PDA spacer (see Figure 2.2.6-1).

2. Align the DUT to the side wall of the PDA (see Figure 2.2.6-2).

3. If the DUT is shorter than 135 mm, then align the top of the DUT with the top of the PDA
spacer as shown in Figure 2.2.6-2. Otherwise, align the bottom of the DUT with the bottom
wall of the PDA spacer.

The material for the PDA palm spacer shall be hollow with a wall thickness less than 2 mm, and a
dielectric constant of less than 5.0 and a loss tangent of less than 0.05 or it shall be solid with a dielectric
constant of less than 1.3 and a loss tangent of less than 0.003. It may feature a groove or cavity to
accommodate touch fastener material.
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Figure 2.2.6-1 PDA Palm Spacer

Note: A mirror-image configuration of the palm spacer shall be used for the left-handed grip.
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Figure 2.2.6-2 Positioning of Wide DUT with Respect to PDA Palm Spacer

2.2.7 Mounting a Wide DUT in the Wide Grip Hand Phantom for Talk Mode
This procedure applies to DUTs exceeding 72 mm but not 92 mm in width.

The Wide Grip hand phantom features an angular palm cutout at the base of its thumb, featuring two flat
wall surfaces for contacting the DUT at its corner. The conformal palm spacer for the Wide Grip includes
an additional wall support at its side, near the thumb. The corner of the DUT shall be fitted into the
phantom palm cutout so that physical contact is maintained with each of its two flat walls, with the palm
spacer wall support near the thumb, and with the deflected thumb itself, as shown in Figure 2.2.7-1.
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contact
surfaces

Figure 2.2.7-1 Wide Grip Hand Phantom Contact Paints

Additionally, the DUT shall be affixed or otherwise contacted to rounded surfaces of the conformal palm
spacer (Figure 2.2.7-2), e.g., with heavy duty touch fastener.

contact surfaces

Figure 2.2.7-2 Wide Grip Palm Spacer Contact Surfaces

If the DUT features a protruding side key in a location around its perimeter that could cause unintended
actuation during OTA measurements by the structure of the hand phantom or the palm spacer, then a
grommet can be added to prevent actuation (Figure 2.2.7-3). Grommets shall be made of insulating
material, and have the minimum thickness and dimensions required to prevent actuation of the side key.
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Figure 2.2.7-3 Insulating Grommet to Prevent Side Key Actuation

A combination of rounded DUT corner geometry, side keys and/or grommets may cause the longitudinal
axis of the positioned DUT to be misaligned from the longitudinal axis of the palm spacer (and other
fixturing elements) by an angle r;' (Figure 2.2.7-4). This may cause the DUT to be misaligned from the MB
reference plane of the head phantom (Figure 2.2.2-1) by the same angle, for “talk” mode (head-and-hand)
measurements. In such cases, the palm spacer shall remain longitudinally aligned to the MB reference
plane, and the earpiece of the DUT shall remain positioned with reference to the left and right ear
reference points as described in section 2.2.3. The systematic angle between the DUT and palm spacer
longitudinal axes ry' need not be included in the angle r; for calculating measurement uncertainty as
described in Section 2.13.2.5 of CTIA 01.70 [3]. Rather, angle rs from the MB reference plane of the head
phantom shall be evaluated with respect to the longitudinal axis of the Wide Grip palm spacer.

inal axis

palm spacer longitudinal axis

contact surfaces

Figure 2.2.7-4 Wide Grip DUT Positioning Example With Rounded Comer, Side Key Grommet

2.2.8 Hand Phantom Only
The hand phantom only configuration is used to simulate data mode (browsing, navigation).

The DUT shall be mounted in a suitable hand phantom and oriented such that the DUT's main display is
tilted 45 degrees * 5 degrees from vertical.
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1. Ready the DUT for operation, if necessary. For example, for devices with a cover piece,

open the cover.

Mount the DUT in the hand (refer to the following subsections)

3. Define aline L that is normal to the plane of the main display and passes through its center.
Define a line M that lies within the plane of the main display, intersecting L, and lies parallel
to the horizontal axis of the display. See Figure 2.2.8-1.

4. Define a Cartesian coordinate system with its origin at the L-M intersection, where the
positive Y-axis lies along M pointing to the right of the phone. Define the positive X-axis to
face away from the display at an angle 45 degrees “below” line L and the positive Z-axis to
face away from the display 45 degrees “above” line L, as illustrated in Figure 2.2.8-2. If
necessary, the origin of the coordinate system may be translated from the center of the
display to aid in orientation of the hand phantom and DUT combination provided that the
DUT remains inside the quiet zone.
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Figure 2.2.8-1 DUT Display Alignment Features
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Figure 2.2.8-2 Definition of Coordinate System for DUT with Hand Phantom in Data Mode
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2.2.9 Mounting a Narrow DUT in the Narrow Hand Phantom for Data Mode
This hand phantom is suitable for use with all DUTs narrower than 56 mm.

User grip studies have shown that the average grip for narrow DUTs has the index finger supporting the
back of the device and the thumb positioned over a central navigation wheel or “nav key.” To help achieve
a consistent positioning that conforms to the grip studies, Alignment Tool A (Figure 2.2.9-1) is first used to
measure the distance between the bottom of the DUT and the center of its nav key. The DUT is then
positioned in accordance with ruled markings on a conformal palm spacer corresponding to the right or left
configuration.

1. Place the DUT on the DUT alignment tool A (as shown in Figure 2.2.9-1).

2. Record the chin length from the scale at the bottom of the alignment tool.

3. Record the location of the navigation key (or the “2” key, if no navigation key is present) on
the side ruler of the DUT alignment tool A. The key's center is used as the reference.

4. Add the two readings from step 2 and 3 together. If the sum is less than 30 mm, then use
30 mm instead.

5. Place the DUT on the narrow data palm spacer and align the side of the DUT with the side
wall of the spacer.

6. The bottom edge of the DUT shall be placed on the narrow data palm spacer at the ruling
corresponding to the value obtained in step 4 (See Figure 2.2.9-2).

7. Ensure that the index finger is in contact with the back of the DUT. If the device is very
narrow and/or thin, it may occur that the middle finger does not curl tightly enough to contact
the DUT. In such case, in order to ensure consistent test results, no attempt should be
made to force the fingertip to contact the DUT. Touch fastener material may be used to
maintain the DUT in the desired position.

The material for the narrow data palm spacer shall be hollow with a wall thickness less than 2 mm, and a
dielectric constant of less than 5.0 and a loss tangent of less than 0.05 or it shall be solid with a dielectric
constant of less than 1.3 and a loss tangent of less than 0.003. It may feature a groove or cavity to
accommodate touch fastener material.
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Figure 2.2.9-1 Measuring a Narrow DUT in Alignment Tool A for Hand Only (‘Data Mode”) Testing
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Note: A mirror-image configuration of the palm spacer shall be used for the left-handed narrow data grip.

Figure 2.2.9-2 Narrow Data Palm Spacer

2.2.10 Mounting a Wide DUT in the PDA Phantom for Data Mode

This hand phantom is suitable for use with DUTs of width 56-72 mm. The positioning of the DUT in the
PDA hand for data mode is identical to that for talk mode and is already described in Section 2.2.6.
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2.2.11 Mounting a Wide DUT in the Wide Grip Phantom for Data Mode

The Wide Grip hand phantom is for a DUT having width greater than 72 mm, and not greater than 92 mm.
Positioning of the DUT in the Wide Grip hand phantom for data mode is identical to that for talk mode, as
described in Section 2.2.7.

2.3 Positioning and Setup Requirements for Wrist-Worn Devices

The DUT shall be tested in a normal operating state, but shall be configured according to generic setup
guidelines in Section 2 and as follows (as applicable).

The manufacturer shall declare 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.

The manufacturer shall declare the housing material to be used during the test based on the expected
worst-case material.

2.3.1  Positioning of Wrist-Worn DUT Relative to the Chamber Coordinate System

The forearm phantom shall be mounted in the chamber coordinate system as shown in Figure 2.3.1-1.
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Figure 2.3.1-1 Cartesian Coordinate System for Forearm Phantom
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2.3.2 Mounting a Wrist-Worn DUT on the Forearm Phantom

Define Plane J and Plane K as shown in Figure 2.3.2-1. Plane J cuts through the surface of the forearm
phantom and passes through the target test position and is perpendicular to the Y-axis. Plane J is the X-Z

plane. Plane K cuts through the forearm phantom at the target test position and is perpendicular to the
Z-axis. Plane K is the X-Y plane.

Plane J

Plane K

Figure 2.3.2-1 Definition of Plane J and Plane K on the Forearm Phantom

Define a local coordinate system for a wrist-worn device as shown in Figure 2.3.2-2.
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N B A A

Figure 2.3.2-2 Local Coordinate System for a Wrist-Worn Device

First define a virtual Plane A that cuts through the center of wrist band on the U-axis and is perpendicular
to the U-axis as shown in Figure 2.3.2-3. Thin, narrow, non-conductive tape may be used to mark where
Plane A cuts through the device without introducing any additional measurement uncertainty. If the lines
are not marked, it is recommended to measure the width of the device with a ruler and mathematically
determine the space needed between the side edges of the device and the nearest engraved graduated
markings on the forearm.
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Plane A

ll Plane B

Figure 2.3.2-3 Definition of Plane A and Plane B on a Wrist-Worn Device

In general, if the device has a wrist band which can be easily flattened, then define a virtual Plane B that
cuts through the center of the display on the V-axis and is perpendicular to the V-axis, as shown in Figure
2.3.2-3. Thin, narrow, non-conductive tape may be used to mark where Plane B cuts through the device
without introducing any additional measurement uncertainty. Plane B shall be fully aligned with Plane J

when the device is mounted on the forearm phantom as shown in Figure 2.3.2-4.
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Figure 2.3.2-4 Alignment of Plane A with Plane K and Plane B with Plane J when a Wrist-Worn Device, which can be

Laid Out Flat, Is Mounted on the Forearm Phantom

In Figure 2.3.2-4, Plane A and Plane K shall intersect to form a line that is tangent to the surface of the
forearm phantom at the target test position. Note that Plane A may only intersect Plane K to form a line
that is tangent to the surface of the forearm phantom at the target test position, instead of being fully
aligned, as seen in Figure 2.3.2-4 because the band may need to be adjusted up or down in the Z
direction in order to position the main module parallel to the forearm phantom surface.

If the device has a wrist band with a pre-formed shape, then define a virtual Plane B which is
perpendicular to the V-axis and is located on the device such that Plane B shall fully align with the Plane J
on the forearm phantom when the device is snugly fitted to the forearm phantom as shown in Figure
2.3.2-5.
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Figure 2.3.2-5 Alignment of Plane A with Plane K and Plane B with Plane J when a Wrist-Wom Device with a Pre-

Formed Wrist Band Is Mounted on the Forearm Phantom

In both Figure 2.3.2-4 and Figure 2.3.2-5, the device shall be positioned such that Plane A is
perpendicular to Plane J of the forearm phantom.

If the section of the pre-formed shape of the wrist band is somewhat symmetric, then Plane B shall be the
centerline of the wrist band shape as shown in Figure 2.3.2-6.
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Figure 2.3.2-6 Location of Plane B on a Wrist-Worn Device with a Symmetric Pre-Formed Shape

In general bands with multiple buckle stops have sufficient flexibility to mount the device snugly at the
target test position. It may be useful the follow these steps when mounting a wrist-worn device with a
flexible band onto the forearm phantom: (a) place the device at the target location with the band open, (b)
buckle the wrist band as tightly as possible, (c) slide the device off the forearm phantom with the buckle
closed, (d) tighten the buckle by one stop, (e) slide the device back onto the forearm and into the target
position.

For wrist-worn devices which are unable to snugly mount at the target test position, the DUT shall be
tested with the band set so that the DUT is located as near as possible to the target test location, and
snugly mounted. Test reports shall include a photograph of wrist-worn devices, which need to be
mounted away from the target test position, mounted on the forearm phantom clearly showing the
engraved markings on either side of the engraved target test position ring.

In all cases, DUTs shall be mounted with sufficiently snug band tightness so as to prevent the DUT from
slipping off under the force of gravity when the phantom is inverted.

When there is flexibility in the positioning, the main module shall be kept parallel to the surface of the
forearm phantom as shown in Figure 2.3.2-7.

37 © 2001 - 2025 CTIA Certification. All Rights Reserved. CTlA

Certification”




CTIA 01.71, Version 8.0.1

Figure 2.3.2-7 Examples of Correctly Mounting the Device on the Forearm Phantom by Keeping the Main Module

Parallel to the Surface of the Forearm Phantom

In Figure 2.3.2-8 the main module is tilted such that it is raised on the forearm phantom on the side
closest to the hand.
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Figure 2.3.2-8 Example of Incorrectly Mounting the Device on the Forearm Phantom by not Keeping the Main Module

Parallel to the Surface of the Forearm Phantom

When the longitudinal test position for a given DUT is identified, the DUT will be tested at this longitudinal
position for one of two different orientations, representing being worn on the right or left wrist (with the
band and display oriented in opposite directions), as shown in Figure 2.3.2-9.
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Figure 2.3.2-9 Two Orientations of DUT On Forearm Phantom Representing the Left and Right Wrist
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2,4 Positioning and Setup Guidelines for Chest-Worn DevicesThe DUT shall be tested in a normal
operating state, but shall be configured according to generic setup guidelines in Section 2.

2.4.1 Positioning of Chest-Worn DUT Relative to the Chamber Coordinate System

The chest phantom shall be mounted in the chamber coordinate system as shown in Figure 2.4.1-1.

Z

Figure 2.4.1-1 Cartesian Coordinate System for Chest Phantom

2.4.2 Mounting a Chest-Worn DUT on the Chest Phantom

Differing test configurations apply based on whether a manufacturer-approved carry accessory is required
for proper DUT use.

A manufacturer approved carry accessory is an accessory that the manufacturer designs and provides for
the use with a chest-worn device.

2.4.2.1 DUTs Provided without a Manufacturer-Approved Carry Accessory

The chest-worn device is tested in one position on the chest phantom, which shall be centered on, or on
the side of the chest phantom. Due to the simplified nature of the chest phantom, the left and right sides
are essentially the same. The manufacturer shall declare the orientation of the device when worn on the
chest. The manufacturer declared orientation of the device when worn on the chest shall include the
following:

1. The rotation of the DUT around the Z axis, including a photograph with clear markings
2. The center of the DUT in the x and y directions, including a photograph with clear markings
3. A description of how to place the device on the phantom so that the device does not teeter

A chest spacer representing thin clothing shall be used to separate the DUT from the surface of the chest
phantom by 1mm. The chest spacer shall be 1mm thick, larger than in the x and y dimensions than the
DUT but smaller than the flat surface of the chest phantom (325 x 185mm). The material for the chest
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spacer shall be solid with a dielectric constant of less than 1.3 and a loss tangent of less than 0.003. The
chest spacer may include ruled markings similar to the ruled markings on the chest phantom to aid in
positioning the DUT on the spacer and chest phantom.

The DUT shall be centered on the chest phantom. The center of the DUT shall be at the intersection of
the X and Y axis in Figure 2.4.1-1.

Both the chest spacer and DUT may be fixed to the chest phantom using thin plastic “packing” tape. No
additional uncertainty assessment is needed if thin plastic “packing” tape is used to hold the chest spacer
or DUT.

2.4.2.2 DUTs Provided with a Manufacturer-Approved Carry Accessory

When the chest-worn DUT’s manufacturer recommended use case is to always be worn in a
manufacturer-approved carry accessory (e.g., the holster of a professional portable radio), the DUT shall
be placed in this carry accessory prior to installing in contact with the chest spacer defined in section
2.4.2.1 onto the chest phantom. If the DUT can be provided with more than one carry accessory, the
carry accessory providing the closest distance between DUT and the chest phantom shall be employed,
unless a different carry accessory is shown by the manufacturer to better represent the predominant
usage share.

As an alternative to testing the DUT while placed in the carry accessory, the manufacturer may employ an
overlying spacer, with its thickness defined by the separation distance provided by installing the DUT into
the manufacturer-approved carry accessory. The material for the overlying spacer shall be solid with a
dielectric constant of less than 1.3 and a loss tangent of less than 0.003. To aid positioning repeatability,
the overlying spacer may be shaped with the specific DUT imprint. If the DUT can be provided with more
than one carry accessory, it will be shaped in order to represent the distance from the chest phantom
corresponding to the selected carry accessory.

The underlying (1-mm thick chest) spacer and the DUT (mounted on the carry accessory or the overlying
spacer defined in the previous paragraph) may be fixed to the chest phantom using thin plastic “packing”
tape. No additional uncertainty assessment is needed if thin plastic “packing” tape is used to hold the
chest spacer or DUT.

The portion of the DUT incorporating all internal or external antennas engaged in the operating mode
under test shall be centered on the chest phantom at the intersection of the X and Y axis in Figure
2.4.1-1. When an external antenna is not engaged in the operating mode under test, it will not be
considered in determining the portion of the DUT to be centered.

25 Positioning Requirements Notebook and Tablet
2.5.1 Device Under Test — Setup

The DUT shall be tested in a normal operating state, but shall be configured according to generic setup
guidelines in Section 2 and as follows (as applicable). The manufacturer shall provide instructions to the
ATL for placing the DUT in this state.

o Display:
o Angled for a notebook

=110 +5° from the leveled base to the front of the display LCD (Liquid Crystal
Display).

=O0r manufacturer's locked position closest to 110°.
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o Parallel to the X-Y plane for atablet
o Power Management Settings
o Screensaver - None
o Turn Off Display - Never
o Turn Off Hard Drive - Never
o System Hibernate - Never
o System Standby - Never
o Display (LCD) Backlight - Medium intensity (50% or equivalent)
o Ambient light sensor - Disabled
) Keyboard Backlight - Off

o Ambient light sensor - Disabled

) Powered by the battery (standard battery only)
) Dynamic control or throttling of CPU and bus clock frequencies - Disabled, if
possible.

o May be accomplished via Microsoft® Windows power profile settings (e.g.,
Microsoft® XP “Always On” power scheme and Microsoft® Vista “Max
Performance” power plan). The Microsoft® Windows power profile must not
override the Power Management settings identified above (display, hard drive,
etc.)

o Device manufacturer to provide ATL with specific guidance

o As required, a user-configurable WWAN antenna will be positioned in accordance
with the manufacturer's recommended configuration.

2.5.1.1 Free Space Test Fixture

If a fixture is required to mount the DUT to the positioning system, the DUT holding fixture shall be made
of a material with a dielectric constant of less than 5.0, and loss tangent less than 0.05. The fixture shall
not extend beyond the footprint of the DUT by more than 20 mm and shall be no more than 20 mm in
thickness. It is recommended, but not required, that a Styrofoam spacer be used between the holding
fixture and the DUT. For systems where no holding fixture is required, a spacer made of expanded
polystyrene may be used to raise the DUT to the required height.

2.5.2 Chamber Placement

To minimize the physical volume occupied by the DUT during testing, the center of rotation shall be the
three-dimensional geometric center of the DUT. In the case of an open notebook, this will typically be a
point in space above the keyboard and in front of the display.

This section describes a suggested procedure to locate the geometric center of rotation for notebook and
tablet form factors. This procedure has been verified to produce repeatable positioning within a margin of
+10 mm in all dimensions. For distributed-axes systems, the procedure assumes the availability of a laser
crosshair system in the chamber. The laser is required to have a vertical and horizontal beam such that
the intersection of the beams passes through the origin of the chamber coordinate axes.

For combined-axes systems, laser guides are not required, since the pedestal assembly constrains the
dimensions in which the DUT may be positioned. However, this procedure assumes that the range
pedestal is properly aligned such that the phi and theta rotational axes intersect at a point in space
precisely above the theta turntable hub. It also assumes that the rotational center of the theta turntable is
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clearly and precisely marked. Alignment of the DUT with the theta axis of the pedestal can be
accomplished by means of a plumb line or laser level (capable of projecting a plumb line) placed on the
turntable at its center of rotation.

2.5.3 Positioning a Notebook Relative to the Chamber Coordinate System

The reference plane for the DUT is defined as the plane on which the base of the DUT sits. This plane will
be normal to the phi axis of the chamber.

Before placing the DUT in the chamber, place the notebook on a level surface and with the notebook
open, with an angle of 110° between the LCD display and the level surface, locate and mark the points
labeled A to H in Figure 2.5.3-1. Care should be taken to ensure that the display of the Notebook does not
move outside of the 110 degree 5 degree allowed limits. It may be necessary to fix the angle of the
display with RF transparent EPS (Expanded Polystyrene foam or Styrofoam), using the minimum amount
necessary to perform the support function.

®z w2

Side View

Figure 2.5.3-1 Position of Notebook Relative to the Chamber Coordinates

Point H is at the intersection of lines joining points A to B and D to E and is on the face of the LCD
2.5.3.1 Distributed Axes, Conical Cut Chamber

1. Place the notebook on the central plinth with the LCD, +X DUT axis, facing in the phi = 0°,
theta = 0° direction. With the assumption that the chamber laser crosshair system is
directed in the phi = 270°, theta = 90° direction, rotate the azimuth table to the phi = 270°
position. Adjust the height of the table so that the horizontal beam of the crosshairs
intersects point H.

2. Adjust the position of the notebook along the DUT Y-axis so that the vertical laser beam
intersects with points A, B, C and H.
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3. Rotate the chamber azimuth table back to the phi = 0° position and adjust the notebook
along the DUT X-axis so that the vertical laser beam intersects points F and G. If
necessary, place an object behind the DUT at point F to observe the location of the vertical
laser beam.

4. Rotate the azimuth table back to the phi = 270° position and recheck the alignment. Repeat
if necessary.

If the chamber laser crosshair system is orientated differently, adjust the above procedure appropriately.
2.5.3.2 Combined-Axes, Great Circle Chamber

1. Mount the notebook base on to the phi positioner such that the phi axis of rotation is
centered at the intersection of the lines joining points B to C and F to G. With this
intersection point clearly marked on the base of the notebook, it should be possible to
accomplish this without any special aids.

2. Rotate the DUT about the phi axis until the notebook’s X direction faces vertically
downward (display facing down).

3. Adjust the pedestal along the phi axis until Point H is aligned with the theta axis, as verified
by the plumb line or laser level. Any misalignment in the Y direction (theta axis does not
intersect the line joining A to B) indicates inaccurate positioning about the phi axis.

2.5.4 Positioning a Tablet Relative to the Chamber Coordinate System

For tablet form factors, it is assumed that the display faces in the +Z direction and the +X direction points
towards the expected user position. For example, Figure 2.5.4-1 illustrates this for a rectangular tablet
with display configured to be used in the “portrait” orientation. Since this class of device often supports
multiple display orientations, the manufacturer shall submit photographs or drawings to the ATL indicating
the assumed DUT reference coordinate system. These illustrations shall also be included in the test
report.

Before placing the DUT in the chamber locate and mark the points labeled A to K shown in Figure 2.5.4-
1.
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Figure 2.5.4-1 Position of Tablet Relative to the Chamber Coordinates
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2.5.4.1 Distributed Axes, Conical Cut Chamber

1. Place the tablet on the central plinth with the +X DUT axis facing in the phi = 0°, theta = 0°
direction. With the assumption that the chamber laser crosshair system is directed in the
phi = 270°, theta = 90° direction, adjust the height of the tablet so that the horizontal beam
of the crosshairs intersects point B.

2. Adjust the position of the tablet along the DUT X-axis so that the vertical laser beam
intersects points A, B, C and J. If necessary, place an object behind the DUT at point J to
observe the location of the vertical laser beam.

3. Rotate the chamber azimuth table to the phi = 90° position and adjust the tablet along the
DUT Y-axis so that the vertical laser beam intersects points G, H, | and K. If necessary,
place an object behind the DUT at point K to observe the location of the vertical laser beam.

4. Rotate the azimuth table back to the 0° position and recheck the alignment. Repeat if
necessary.

If the chamber laser crosshair system is orientated differently, adjust the above procedure appropriately.
2.5.4.2 Combined-Axis, Great Circle Chamber

1. Mount the DUT base on to the phi positioner such that the phi axis of rotation is centered
at the intersection of the lines joining points A to J and G to K. With this intersection point
clearly marked on the base of the tablet, it should be possible to accomplish this without
any special aids.

2. Rotate the DUT about the phi axis until the tablet Y direction faces vertically downward.

3. Adjust the pedestal along the phi axis until Point B is aligned with the theta axis, as verified
by the plumb line or laser level.

4. Rotate the DUT about the phi axis until the tablet X direction faces vertically upward.

5. Verify that Point H is aligned with the theta axis based on the plumb line or laser level. Any
misalignment indicates inaccurate positioning about the phi axis.

2.6 Positioning Requirements Integrated Device
2.6.1  Device Under Test — Setup

The DUT shall be tested in a normal operating state, but shall be configured according to generic setup
guidelines in Section 2 and as follows (as applicable). The manufacturer shall provide instructions to the
ATL for placing the DUT in this state.

o Power Settings

o Device should be placed into normal operating mode (minus the radio
configuration as explained above)

o Power by battery, if possible, to reduce interference (standard manufacturer's
battery)

o Power by AC/DC power supply when needed using manufacturer's settings and
current draw

(ensure to take care when using a power cord: avoid the antenna and power cord
coming in close proximately of each other, if possible, and placing the power cord
in ferrite tubing can help reduce RF interference).

o Device manufacturer to provide ATL with specific guidance.
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o As required, a user-configurable WWAN antenna will be positioned in accordance
with the manufacturer's recommended configuration (see CTIA 01.01 [1]) for further
information)

o Attachment of Additional DUT Accessories (i.e., non-antenna accessories)

o Accessory(ies), if needed, will be attached and positioned on or around the DUT
according to the manufacturer's recommended configuration. This recommended
configuration must be representative of normal use of the DUT and be maintained
by the ATL during all testing of that DUT.

o Reasonable effort shall be taken to maintain the quiet zone or at least minimize
the impact on the quiet zone.

o Photographs of sufficient detail of the set-up shall be included in the test report to
enable the reproduction of thetests.

2.6.2 Free Space Fixturing

The integrated device or integration component may be held in the defined free space position by a
custom designed holding fixture. The holding fixture shall be made of a material with a dielectric constant
of less than 5.0, and loss tangent less than 0.05. The fixture shall not extend beyond the footprint of the
integrated device by more than 20 mm, and shall be no more than 20 mm in thickness.

2.6.3 Considerations for Externally-powered Devices

In the case of all devices that utilize an external power cable as part of the intended final market
application, the cable shall be considered part of DUT (equipment under test). The device manufacturer
should provide guidance on the positioning of such cables so that they do not cause cross coupling or
introduce unwanted noise within their device throughout the test process.

The ATL shall ensure the following:

o All external cables are secured in such a way that the cables remain in the same
position throughout the rotation of the device.

o Any external power sources are free from noise and that the source does not affect
the RF performance of the equipment under test

The ATL shall use the appropriate chamber type; some combined-axes systems are
unsuitable in keeping cable movement to a minimum. The ATL shall test in the
primary mechanical mode only.

Devices that are externally powered are categorized as follows:

o Internal power supply with external continuous power requirements

o The DUT should be tested with the manufacturer-supplied cable and power supply
assembly. The test chamber power source shall be stable, isolated, free from any
influencing noise and placed to minimize degradation of the quiet zone.

The ATL shall maintain supporting evidence that the power source utilized
throughout the testing meets the above criteria.

o External power requirements such as automotive devices

o The manufacturer should supply a suitable automotive type cable together with the
voltage and current requirements.

The power source shall be free from any noise or switching frequencies that may
cause any form of self-interference that may have an impact of measurement
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accuracy.

The ATL shall maintain supporting evidence that the power source utilized throughout
the testing meets the requirements of the above criteria.

o USB-powered Devices

The manufacturer shall supply a USB cable together with a charging source that is a
market application of the product. Where the manufacturer does not supply a USB
cable, the ATL shall utilize a suitable cable and charging/power source which shall be
isolated and free from any noise that may influence the accuracy of the test results.
Any charging/ power source that is utilized shall be placed within the chamber to
minimize degradation of the quiet zone.

The ATL shall maintain supporting evidence that the power source utilized throughout
the testing meets the requirements of the above criteria.

o Battery-powered devices that would require an external power source to maintain a
TRP/ TIS test

When the device has insufficient power capacity to maintain the cellular link for at
least 50% of the execution time of a single channel TRP or TIS test, the ATL should
then advise the customer that the charging cable will be utilized throughout the test
process. The cable shall be free from any noise that may influence the accuracy of
the test results, with the use of ferrites/chokes highly recommended. The power
source that is utilized within the chamber shall be placed such that degradation to the
quiet zone is minimized.

The ATL shall maintain supporting evidence that the power source utilized
throughout the testing meets the requirements of the above criteria.

2.6.4 Integrated Device Chamber Placement

To minimize the physical volume occupied by the DUT during testing, the center of rotation shall be the
three-dimensional geometric center of the DUT and not the antenna.

2.6.5 Positioning an Integrated Device Relative to the Chamber Coordinate System

The reference plane for the DUT is defined as the plane on which the base of the DUT sits. This plane will
be normal to the phi axis of the chamber.

Before placing the DUT in the chamber, place the integrated device on a level surface and measure the
height, width and depth (H, W, D) of the device to determine the center of each (mark with tape if need).
The center of the height, width and depth of the device shall be located at the origin of the chamber
coordinate system.
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Figure 2.6.5-1 Internal Antenna

Figure 2.6.5-2 Direct Connect External Antenna (It does not matter where the antenna is located as you will center on
the device)

2.6.6 Positioning an Integrated Device with a Removable Antenna Connected Directly to the Device via
an RF Transmission Line (Such as a Coaxial Cable) Less Than 20 cm in Length

Due to the numerous possible configurations of this device type, the ATL will work with the vendor to
determine the best possible configuration(s) (multiple if needed) of the device in the chamber to be
tested. The ATL will need to take care in documenting this in the report. This will include but will not be
limited to the following:

. Vendor shall work with the ATL, and or define the configuration for the ATL to
perform the test plan in a consistent manner.

. Taking picture of the set-up so it can be clearly understood how the device was
configured in the chamber.

o ldentify the center point of the chamber and clearly mark a cross-hair using the
right hand rule on each image taken in the chamber.

o ldentifying, documenting and maintaining the distances between cables (e.g.,
power cord(s), antennas, etc.) throughout the measurements which can have an
effect on the radiated performance of the testing.
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. Each piece of equipment (e.g., Antenna(s), power cords, etc.) used during testing
shall be marked and documented, at minimum, in the ATL report to reduce variables
upon retest.

o This equipment and only this equipment shall be used if any additional testing is
needed.

2.7 Positioning and Setup Guidelines for Ankle-Worn Devices

The DUT shall be tested in a normal operating state, but shall be configured according to generic setup
guidelines in Section 2.

2.7.1 Positioning of Ankle-Worn DUT Relative to the Chamber Coordinate System

The ankle phantom shall be mounted in the chamber coordinate system as shown in Figure 2.7.1-1.

Figure 2.7.1-1 Cartesian Coordinate System for Ankle Phantom

2.7.2 Mounting an Ankle-Worn DUT on the Ankle Phantom

Define plane J and Plane K as shown in Figure 2.7.2-1. Plane J is the X-Z plane and cuts through the
surface of the ankle phantom and passes through the target test position and is perpendicular to the Y-
axis. The target test position is only on the left side of the (left) ankle phantom, as ankle-worn devices are
typically worn on that side. Plane K is the X-Y plane and cuts through the ankle phantom at the target
test position and is perpendicular to the Z-axis.
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Plane J

Figure 2.7.2-1 Definition of Plane J and Plane K on the Ankle Phantom

Use the positioning guidelines defined for wrist-worn devices in Section 2.3.2 replacing the wrist-worn
device with the ankle-worn device and using the definitions of Plane J and Plane K from Figure 2.7.2-1.
The display up direction shall be parallel to the +z axis of the ankle phantom.

If the ankle-worn device doesn’t have a display, then define virtual Plane B such that it cuts through the
center of the device on the V-axis and is perpendicular to the V-axis, as shown in Figure 2.3.2-4 for a
wrist-worn device. If there is an up direction for the device with no display (e.g. text on the face of the
device), then align the up direction with the +z axis of the ankle phantom. If there is no indication of an
“up” direction for the device, then the manufacturer shall declare the up direction that will be aligned with
the +z axis of the ankle phantom.

If an ankle-worn device is too large to lay flat against the conical section of the ankle phantom, then shift
the target test position just high enough on the conical section until the device can lay flat against/parallel
to the conical section. Because the ankle phantom changes shape from a conical section to a more
anatomically correct shape below Plane K, larger devices will need to be shifted upward to keep the
device flat against/parallel to the conical section and those devices will touch the bump in the ankle
phantom (e.g. lateral malleolus). Note the height of the adjusted target test position in the test report.
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Section 3 MIMO Chamber Specific DUT Orientation Conditions
3.1 Scope

This section lists the normative DUT orientation conditions for all DUT types relevant to MIMO and
transmit diversity OTA testing. Additional orientation conditions will be added to this document as they
become normative.

3.2 Testing Environment Conditions

Table 3.2-1_below lists the testing environment conditions along with a diagram and applicable
references. Section 3.5.2 defines the Euler rotation angles in three-dimensional space. The reference
coordinate system and orientation of devices in that coordinate system is shown in Figure 3.2-1 below,
which includes the mechanical alignment of a phone. For tablets, the home button, charging connector
and similar components can be used to define top and bottom. In the case of methodologies utilizing a
spatial channel model in Figure 3.2-1, the X axis points towards the channel model reference 0 degree
location. For tablets or other DUTs with no clear features that can help to distinguish top and bottom, a
manufacturer declaration shall be used to define the top and bottom of the device.

Rotation
CDAngle @
+Z
A

Top of phone

Rotation
Angle ®
Side of phone
S = +)y v
’&'\‘-)
R
)

&'DDD

+X Points to the channel model

Rotation reference (if applicable)
Angle ¥

Figure 3.2-1 Reference Device Orientation

For the landscape case, the antenna positions relative to the channel will be different and the interaction
of any future-defined phantoms with the antennas will depend on its orientation as shown in Figure 3.2-2.
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Landscape Mode, left tilt Straight Up Position Landscape Mode, right filt

zZ
¥ = +909 I =_9Qp
i (left tilt) Top of phone [right tilt) i
D Front of phone El
/ Lir—y —y / >y
L] L]
X
* O O O x

Figure 3.2-2 Left and Right Tilts for Landscape Mode Relative to Portrait Mode Shown to Interact Differently with the
Antennas Depending on the Tilt

The usage mode of an DUT indicates how it relates to its environment. This includes the following
example use cases: free space, beside head, beside head and hand, hand only etc. Since to date only
isotropic metrics have been used (TRP/TIS) the definition of positioning the device for a certain use case
has been equivalent to orienting it relative to the environment. With the introduction of spatial channel
models, the positioning for a specific use case has to be separated from the actual orientation relative to
the spatial incoming signals.

The DUT orientation angle in three-dimensional space is defined using the three Euler angles —
Y-(rotation around the x axis); @-(rotation around the y axis); @-(rotation around the z axis) as defined in:
Antennas In Real Environments [4] and linked to the reference coordinate systems and reference
orientation from Figure 3.2-1 and Figure 3.2-2 above. Due to the non-commutative nature of 3D rotations
of DUTSs, the order of rotations needs to be specified clearly. The following order of rotations needs to be
followed for the device orientations specified in this test plan: ¥ (rotation around the x axis) = @ (rotation
around the y axis) > @ (rotation around the z axis).

After positioning the DUT in its initial position for a specific testing condition (note that DUT positioning
guidelines inside the MIMO OTA test zone described in Section 3.3 shall be followed), labs implement the
rotation of the DUT defining a vector of Euler angles as shown in Table 3.2-1 below.

Table 3.2-1 Normative Testing Environment Conditions for Devices Supporting DL MIMO Data Reception

DUT Type Usage Mode Testing DUT Orientation Diagram Notes
and Condition Angles
Dimension
Handset and Data mode Free space ¥ =0; Figure 3.2-1 plus adjusting for DUT 1
Tablet, any portrait (DMP) DMP O = —45; Orientation Angles
size =0
Handset and Data mode Free space Y = —-90; Figure 3.2-1 plus adjusting for DUT 1,2
Tablet, any | landscape (DML) | DML - Right Tilt 0 = —45; Orientation Angles
size
D
=0 — righttilt
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DUT Type Usage Mode Testing DUT Orientation Diagram Notes
and Condition Angles
Dimension
Handset and Data mode Free space Y =-90; Figure 3.2-1 plus adjusting for DUT 1,2
Tablet, any landscape (DML) DML - Left Tilt 0 = —45; Orientation Angles
5128 ® =0 — lefttilt
Handset and Data mode Free space ¥ =0; Figure 3.2-1 plus adjusting for DUT 1
Tablet, any screen-up DMSU 0 =-90; Orientation Angles
size (DMSU) ®=0

Note 1: Rotation is defined in Euler rotation angles, where ¥ denotes rotation around the X axis (yaw), ® denotes rotation around the Y
axis (pitch), and @ denotes rotation around the Z axis (roll) from Antennas In Real Environments [4]. The order of rotation angles listed in
the DUT Orientation Angles column corresponds to the necessary order of rotations.

Note 2: Left/right/both hand phantoms for the DML usage scenario are not currently defined in 3GPP or CTIA; until these phantom desig ns
become available, it is possible to only define a DML usage scenario in free space.

The data mode portrait (DMP) conditions are defined in Table 3.2-1. The data mode landscape (DML)
testing conditions are not currently defined in any standard testing methodology but benefit from a
thorough treatment in academic literature, for example, Antennas In Real Environments [4]. Currently,
CTIA utilizes free space as the normative test condition for all handset and tablet sizes until a DMP and a
DML phantom design becomes available, at which time the normative testing conditions described in this
document will be updated.

3.3 DUT Positioning within the MPAC Test Volume
3.3.1  DUT Free-Space Orientation within the MPAC Test Zone

In order to minimize measurement uncertainty, it is important that ATLs ensure the DUT is oriented within
the chamber’s test zone in a standardized manner. Table 3.2-1 provides a preliminary set of normative
DUT orientation conditions and the informational DUT orientation conditions are found in Section 3.5.
MIMO OTA performance testing of handsets and tablets in free-space shall use the normative device
orientations shown in Table 3.2-1. DMP and DML - Right Tilt shall be tested in all normative operating
bands, as required, in Sections 3.3.3, 3.3.3.1 and 3.3.3.2. Testing in DML - Left Tilt and DMSU shall be
limited to all normative operating bands below 1 GHz, as required, in Section 3.3.3.1. The MIMO OTA
performance assessment of notebooks is not currently normative, and this device type is included in
Section 3.5.

Labs shall confirm the direction of rotation and rotate the DUT about its Z axis in 30-degree phi angle
increments, beginning with the DUT’s +X Axis oriented at phi =0 degrees. The DUT shall be situated in
DMP FS, DML FS, and DMSU FS testing conditions, as shown in Table 3.2-1 such that its Z axis is
perpendicular to the turntable with the +Z axis facing away from the turntable. Device positioning
requirements are specified in Section 3.3.3.

3.3.2 MPAC DUT Orientation within the Test Zone using Phantoms

The use of phantoms during the execution of MIMO OTA tests using the MPAC approach is FFS.
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3.3.3 Maximum DUT Antenna Spacing and Placement of DUT within the Test Zone

For the MPAC system to emulate the intended propagation statistics within the region of space incident
on the DUT antennas, two aspects determine the associated antenna spacing and positioning guidelines.
The maximum antenna spacing in the DUT shall be within the limit determined by the MPAC system’s
ability to emulate the spatial correlation function and the power stability of the field incident on the DUT
antennas as previously verified as part of the system validation utilizing the channel model validation
procedures in Section 4.2 of CTIA 01.40 [5]. The DUT shall wholly reside within the 300mm ripple zone
as defined in Section 2.2.1 of CTIA 01.40 [5] under all DUT positioning conditions.

MPAC probe ring

Maximum allowed
antenna separation
for emulation of
spatial correlation
function

Potential region of uniform
power delivered by MIMO
system (unverified)

MPA( ring
e Maximum allowed
antenna separation
for emulation of
spatial correlation
function

EUT placement
n axi

rotation)

Region of uniform power
delivered by MIMO system
Potential region of uniform (verified)
power delivered by MIMO

system (unverified)

(b)

Figure 3.3.3-1: lllustration of DUT Antenna Spacing and Positioning Guidelines, (a) Guideline in this Test Plan, (b)
Example with DUT Meeting the Maximum Allowed Antenna Separation but not Within the Verified Power Stability Region

The maximum antenna spacing in the DUT shall be defined as one wavelength at the center frequency of
the middle channel of the downlink for the band under test (refer to Section 5 in CTIA 01.40[5]). Testing
is not required in any band where the maximum antenna spacing is greater than one wavelength. For
LTE 4 RX devices where the antenna separation of any two antennas exceeds one wavelength, 2x2
MIMO testing is not required for that band. A verification of power stability can be derived from the spatial
correlation verification results in Section 4.2.3 of CTIA 01.40 [5]. Given that this verification spans a
region with a diameter of one wavelength centered on the axis of rotation in the chamber, the region
where DUT antennas shall be placed (the MIMO OTA test zone) shall be defined in the same way (see
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Figure 3.3.3-1) provides an example of a DUT meeting the maximum allowed antenna separation but not
within the verified power stability region; this placement of a DUT shall not be used. The optimization of
the maximum allowed antenna spacing of the DUT as well as the verification of the test zone is expected
as part of future work.

The DUT maximum antenna spacing and placement within the test zone shall be defined by the following
two-tier methodology.

3.3.3.1 DUT Placement, Frequency of Operation < 1GHz

When operating in frequency bands lower than 1GHz, the physical center of the DUT shall be placed in
the chamber center, the DUT shall be completely contained within the volume defined by the respective
operating band equivalent to a sphere with a radius equal to half wavelength as defined in Section 5.1 of
CTIA 01.40 [5] for normative bands. Dimensional information for other bands that may be considered by
other certification bodies can be found in Section 5.2 of CTIA 01.40 [5].

3.3.3.2 DUT Placement, Frequency of Operation > 1GHz

When operating in frequency bands higher than 1 GHz the equidistant physical point between the DUT
MIMO antenna system shall be placed in the chamber center following guidance defined in Figure
3.3.3.2-1 and the DUT MIMO antenna system (further physical dimension or both antennas maximum
E-field regions) shall be completely contained within the volume defined by the respective operating band
equivalent to a sphere with a radius equal to half wavelength defined in Section 5.1 of CTIA 01.40 [5] for
normative bands. Dimensional information for other bands that may be considered by other certification
bodies can be found in Section 5.2 of CTIA 01.40 [5]. The definition of the equidistant point between the
DUT MIMO antennas shall be provided through manufacturer declaration. The manufacturer shall mark
the equidistant point on the DUT for each operating band greater than 1 GHz such that the test laboratory
has a clear indication for DUT positioning purposes.
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Figure 3.3.3.2-1 Definition of Distance between MIMO Antennas and DUT Center, Maximum Physical Separation, or E-

field Maximum Separation Defined by Manufacturer

3.4 DUT Positioning within the RTS Test Volume
3.4.1 DUT Free-Space Orientation within the RTS Test Zone

In order to minimize measurement uncertainty, it is important that ATLs ensure the DUT is oriented within
the chamber’s test zone in a standardized manner. Section 3.2 provides a preliminary set of normative
DUT orientation conditions and the informational DUT orientation conditions are found in Section 0. MIMO
OTA performance testing of handsets and tablets in free-space shall use the normative device
orientations shown in Table 3.2-1. DMP and DML - Right Tilt shall be tested in all normative operating
bands, as required, in Sections 3.3.3, 3.3.3.1 and 3.3.3.2. Testing in DML - Left Tilt and DMSU shall be
limited to all normative operating bands below 1 GHz, as required, in Section 3.3.3.1. The MIMO OTA
performance assessment of notebooks is not currently normative, and this device type is included in
Section 3.5.

Labs shall confirm the direction of rotation and rotate the DUT about its Z axis in 30-degree phi angle
increments, beginning with the DUT’s +X Axis oriented at phi =0 degrees. The DUT shall be situated in
DMP FS, DML FS, and DMSU FS testing conditions, as shown in Table 3.2-1 such that its Z axis is
perpendicular to the turntable with the +Z axis facing away from the turntable. Device positioning
requirements are specified in Section 3.3.3.

3.4.2 RTS DUT Orientation within the Test Zone using Phantoms
The use of phantoms during the execution of MIMO OTA tests using the RTS approach is FFS.
3.4.3 Maximum DUT Antenna Spacing and Placement of DUT within the Test Zone

Unlike the MPAC approach, the RTS approach does not require special considerations of the maximum
antenna spacing and placement within the test zone since the spatial correlation behavior of the RTS
methodology follows the theoretical curve more closely for larger antenna separations. Therefore, the
same positioning guidelines as for SISO OTA testing apply to RTS for the first stage. Generally, it should
be assumed that the second stage of the RTS method, which involves a cable replacement radiated
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connection, is performed in the same anechoic chamber as the first stage antenna pattern measurement.
The use of a different chamber for the second stage is not precluded but would require a recalculation of
the impact of any difference between the anechoic chambers.

3.5 MIMO Chamber Specific DUT Orientation Conditions (Informative)
3.5.1 Scope

This section lists the informative DUT orientation conditions for all DUT types relevant to MIMO and
transmit diversity OTA testing. The diagrams included in Section 3.2 and Section 3.3 may also be useful
for gaining further familiarity with the spatial coordinate system utilized in Section 3 of this document.

3.56.2 Testing Environment Conditions

The reference coordinate system and orientation of devices in the coordinate system is described in
Section 3 of this document and in this section. For Notebooks, the definitions specified in Section 2.5 are
used. In the case of methodologies utilizing a spatial channel model, the X axis points towards the
channel model reference 0 degree location. For other DUT device types with no clear features that can
help to distinguish top and bottom, a manufacturer declaration may be used to define the top and bottom
of the device.

The principal antenna pattern cuts called for in this Appendix (XY plane, XZ plane, and YZ plane) are
defined in IEEE 149-1979.R2008 [7]. The XY plane cut corresponds to the absolute throughput testing
condition applied to the CTIA reference antennas for test plan development as part of the Inter-Lab/Inter-
Technique test effort. They XZ plane and YZ plane cuts are shown for completeness and are not required
for the absolute data throughput framework. The YZ plane cut corresponds to a device positioned with its
screen up in a USB/WLAN tethering scenario and may be a useful testing point for handset devices
expected to achieve performance metrics under such usage conditions.

The DUT orientation angle in three dimensional space is defined using the three Euler angles — ¥-yaw;
@-pitch; @-roll as defined in Antennas In Real Environments [4] and linked to the reference normative
coordinate systems and reference orientations.

After positioning the DUT in its initial position for a specific testing condition (note that DUT positioning
guidelines inside the MIMO OTA test zone described in Section 3.3.3 shall be followed), labs implement
the rotation of the DUT defining a vector of Euler angles as shown in the example below:

EXAMPLE: Consider a DUT measured in an anechoic chamber as described in Section 2 of CTIA 01.40
[5].

To measure the free space use case in the YZ plane (for example, at every 30 degrees), the rotation
vectors would be as follows:

Y=[000000000000]- avector of 12 zeros indicating no rotation from the reference
position for any phi value below

0 =1[-90-90 -90 -90 -90 -90 -90 -90 -90 -90 -90 -90] — a vector of 12 values equal to -90
indicating a constant tilt of 90 degrees for all phi values below

@ =[0 3060 90 120 150 180 210 240 270 300 330] — a vector of 12 distinct rotations from the
reference position representing a rotation along the azimuth plane with a step of 30 degrees.

These vectors unambiguously define that the DUT is to be oriented with the screen up and rotated in
azimuth every 30 degrees.
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Table 3.5.2-1 Informative Testing Environment Conditions for MIMO OTA Testing Using Principal Antenna Pattern Cuts

DUT Type and Usage Mode Testing DUT Orientation Diagram Reference/
Dimension Condition Angles Notes
¥ = 0; il
CTIA Reference Absolute XY plane 0 =0 IEEE 149-
Antennas throughput in ® - 0’ 1979.R2008 [7]
free space, XY -
plane Y i Note 1, 2, 3
¢ x 270°
y 890
$=90°
¥ = 90; il
CTIA Reference Absolute XZ plane 0 =0: IEEE 149-
Antennas throughput in = O’ 1979.R2008 [7]
free space, XZ
plane ” PosiTion Note 1’2,3
8 = 90
¢ =270
8=180
¥ =0;
CTIA Reference Absolute YZ plane 0 = —90: IEEE 149-
Antennas through-put in - ’ 1979.R2008 [7]
free space, YZ =0
plane Note 1,2,3
8=180°
Note 1: Rotation is defined in Euler rotation angles, where ¥ denotes rotation around the X axis (yaw), © denotes rotation around the Y axis (pitch), and @
denotes rotation around the Z axis (roll) from Antennas In Real Environments [4]
Note 2: The CTIA reference antennas have been defined for the purposes of comparing MIMO OTA methodologies.
Note 3: The absolute throughput usage mode is defined only within the framework of the CTIA reference antennas and is used for comparison of results
within/across MIMO OTA methodologies.
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Table 3.5.2-2 Informative Testing Environment Conditions for Devices Supporting DL MIMO Data Reception While Using Hand Phantoms

DUT Type and Usage Mode Testing DUT Orientation Diagram Reference/
Dimension Condition Angles Notes
Handset, width < Data mode Left and Right ¥ =0; 4~~~
56mm portrait (DMP) Narrow Data 0 = —45; s Antennas In Real
Grip Hand =0 Environments [4]
Phantom
Note 1
Handset, 56 mm Left and Right
< width<72 mm PDA Hand
Phantom
Handset, 72 mm Left and Right
< width < 92 mm Wide Grip
Hand Phantom
Handset, any Data mode Hand Phantom Y =90;
size landscape DML (FFS) 0 = —45;
(DML) ® =0 — lefttilt
Antennas In Real
Y =-90; Environments [4]
0 = —45;
¢ Notes 1, 2, 3

=0 — right tilt

Note 1: Rotation is defined in Euler rotation angles, where ¥ denotes rotation around the X axis (yaw), © denotes rotation around the Y axis (pitch), and @
denotes rotation around the Z axis (roll) from Antennas In Real Environments [4]

Note 2: Left/right/both hand phantoms for the DML usage scenario are not currently defined in 3GPP or CTIA; until these phantom desig ns become available, it is

possible to only define a DML usage scenario in free space.

Note 3: For a symmetric 2D coverage of testing points in azimuth, DML left and right tilts are expected to produce identical results in free space. Once phantom

designs become available, we expect the interaction of the phantom with the antennas to be dependent on the tilt.

Note 4: Talk mode conditions to facilitate VOLTE testing may be added to this table following further study.

Note 5: Where applicable, device positioning in hand phantoms shall follow the existing guidelines given in Section 0 of this document.
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Table 3.5.2-3 Informative Testing Environment Conditions for Notebook Devices Supporting DL MIMO Data Reception

DUT Type and Usage Mode Testing DUT Orientation Diagram Reference/
Dimension Condition Angles Notes
Notebook Free space XY plane ¥ =0; Section 0
0 =0;
®=0 - Notes 1, 2

Note 1: Rotation is defined in Euler rotation angles, where ¥ denotes rotation around the X axis (yaw), ® denotes rotation around the Y axis (pitch), and

@ denotes rotation around the Z axis (roll) from Antennas In Real Environments [4]

Note 2: The 110 degree angle of the notebook screen opening is a standard reference for all measurements of antennas embedded in notebooks; as a
result, the notebook measurement in free space is the principal XY plane cut with respect to this reference.
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Section 4 SISO, Millimeter Wave Test Setup Configurations

4.1 Millimeter Wave Positioning Requirements and Reference Coordinate System

Editor’s Note: PC1 (FWA) testing is FFS since the MU aspects have not been finalized yet

This section defines the measurement coordinate system for the NR UE. The reference coordinate
system is provided in Figure 4.1-1 for the DUT in the default alignment, i.e., the DUT and the fixed system

coordinate systems are aligned with ¥ = 0°and ® = 0°and @ = 0° where ¥, ®,and @ describe the
relative angles between the two coordinate systems.

LZ
Top of phone
—_
A Sida of ph
@-5\:{'} Phone v
> Y
22"
‘y
+X

® oo

Figure 4.1-1 Reference Coordinate System

The following aspects are necessary:

e A basic understanding of the top and bottom of the device is needed in order to define
unambiguous DUT positioning requirements for the test, e.g., in the drawings used in this
appendix, the three buttons are on the bottom of the device (front) and the camera is on the top
of the device (back)

¢ An understanding of the origin and alignment of the coordinate system inside the test system,
i.e. the directions in which the x, y, z axes point inside the test chamber, in order to define
unambiguous DUT orientation, DUT beam, signal, interference, and measurement angles

Table 4.1-1_through Table 4.1-3 provide the test conditions and angle definitions for three permitted
device alignments for smartphones and tablets for the default test condition, DUT orientation 1, and two
different options for each permitted device alignment to re-position the device for DUT Orientation 2
outlined in Figure 4.1-2 and Figure 4.1-3. Link and measurement polarizations 6 and ¢ used below are
defined as part of the spherical coordinate system outlined in Section 5.2 of CTIA 01.73 [2].
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Table 4.1-1 Millimeter-Wave DUT Test Conditions and Angle Definitions for Smartphones and Tablets for Alignment Option 1

Test Condition 2 L B ent Diagram
Orientation Angle Angle 9
+Z
Rotation
Angle @
C_;_*:_ﬁ:;—:>
Sl/ = 00 . . I
Free space 9Linkr ¢Link eMeas: ¢Meas
DUT — o° with polarization with polarization
Orientation 1 - reference Pol;;, = reference
(default) . 6 or¢ Polyeqs = B 0Or ¢ |
@ =0 L ——
Z’ Rotation
Angle ©
+X
Raotation
Angle @
e
Free space W = 180°
DUT -
: i aLink; ¢Link eMeas; ¢Meas
O_rlgntt:ia(t)lr?q 2 o= 0° with polarization with polarization
(basep d on re- reference Pol;;n, = reference
itioni D= 0° 6 or¢ Polyeqs = B 0r¢
positioning Rotation >
approach) N / Rkt,t' M
Angle ©
+X
+Z —
Rotation
Angle @
Free space W= Q° |
DUT
Orientation 2 OLinics Prink Oveas; Pueas
- Option 2 ©® = 180° with polarization with polarization
(basef) d on re- reference Pol;;,; = reference
positioning @ = 0° fore Polyeas = 601 ¢
approach)

Angle &

Rotation .
Angle / U ->+)
2 Rotation

+X

Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.
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Table 4.1-2 Millimeter-Wave DUT Test Conditions and Angle Definitions for Smartphones and Tablets for Alignment Option 2

Test Condition 2 il b FEEE IO Diagram
Orientation Angle Angle 9
+Z
Rotati
V=0 e
Free space eLink; ¢Link gMeas; ¢Meas
DUT O = —90° with polarization with polarization
Orientation 1 - reference reference
default Pol;;,, = 6 or Pol = for +
o Link Meas
CD = 0 Rotation Rotation
Angle ¥ Angle ©
+X
+Z
Free space ¥ = 180° Rotation
DUT ) i Angle 4
Orientation 2 .9“'"" ’ ¢.“"". .HM"“S’ ¢.Mea.5
- Option 1 O = 90° with polarization with polarization
(basep d on re- reference reference
positioning D =0° Polyn, = 6 or ¢ Polyeqs = 6 0r ¢ +y
Rotati .
approach) e oes
+X
+Z
FreeD Sr_i_ace ¥ = (Q° Rotation
i . Angle @
i i BLian ¢Link 0Measv ¢Meas
Orientation 2 _ ° . Link . Mea.
Option 2 e = 90 with polarization with polarization
J reference reference
based on re-
(positioning ® = Q° Polj = 6 or¢ Polpeqs = G 0r ¢ +y
Rotation .
spproach) o s
+X
Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.
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Table 4.1-3 Millimeter-Wave DUT Test Conditions and Angle Definitions for Smartphones and Tablets for Alignment Option 3

Test DUT Link Measurement Diagram
Condition Orientation Angle Angle 9
+Z
Rotation
Angle @
¥ = 90°
Free space OLinks Prink Omeas; Pueas ————
DUT O = 0° with polarization with polarization B —
Orientation - reference Poly;,;, = reference @
1 (default) 6 or¢ Polyeqs = B 01 [
Qj = 00 Rotation Q +'} /
S |
+X S
Free space o
Orientation OLink s Prink Omeas; Pumeas —
2 - Option o= 0° with polarization with polarization @]
1 (based on reference Pol; ;. = reference
re- @ = 0° 6or¢ Polyeqs = 601 ¢ @
positioning ‘ +y
approach) )] fetdl Rotation
o I S Angle &
+X
Free space
DUT ¥ = 90°
Orientation OLink; Prink Omeas’; Pueas
2 - Option ® = 180° with polarization with polarization
2 (based on reference Pol;;, = reference
re- D= 0° 6 or¢ Polyeqs = 001
positioning . +y
approach) Angle % Rotation
B Angle &
X o
Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measur ement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.

Table 4.1-4 through Table 4.1-6 below provide the test conditions and angle definitions for the three
permitted device alignment options for Fixed Wireless Access (FWA) for the default test condition, DUT
orientation 1, and two different options for each permitted device alignment to re-position the device for
DUT orientation 2 as outlined in Figure 4.1-2 and Figure 4.1-3. Due to changes in DUT orientations ¥, ©,
and @ for the alignment options for FWA proposed in Table 4.1-5 through Table 4.1-6 when compared to
those in Table 4.1-2 and Table 4.1-3 new alignment options, i.e., Options 4 and 5, were introduced.
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Table 4.1-4 Millimeter-Wave DUT Test Conditions and Angle Definitions for FWA for Alignment Option 1

Test condition ey B b, SEETL Diagram
orientation angle angle 9
3 Rotation
Angle ®
Y=0° OLink; OMeas; e
Free space dLink dMeas =
DUT ~ . < with polarization e
Orientation 1 | © = 0° \leth poIaPrlzla-tlorl 0 reference T
(default) reference FolLink = Poleas = 6 or Lt
o =0° or ¢ (I) %tt()m Rotation
+X Angle ©
 Rotaton
Angle ¥
Rotation
Free space | ¥ = 180° _ Angle ®
DUT OLink; ?)’:\/lﬂeas'
Orientation 2 _ PLink . e -
- Option 1 ©=0 with polarization W|tf1rep>foelrzrr|12(:zztlon
(basgq on re- _ reference PolLink = 0 Polhess = 6 OF LCL‘G—VJ‘
positioning | © =0° or ¢ %‘08 -
approach) ¢ +X Angle ©
Rotation i
Angle ¥
2 Rotation
Free space | y = (Q° . Angle ®
DUT OLink; ?)’:\:eas’
: . . eas =
Orientation 2 | ¢ _ 4go o Qe with polarization I
- Option 2 with polarization reference
(based on re- reference PolLink = 0 _ lﬂ%’ ¥
e — Polmeas = 0 or
positioning | @ =0° or ‘é')p Rotation
approach) ¢ X Angle ©
Rotation )
Angle ¥
Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.
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Table 4.1-5 Millimeter-Wave DUT Test Conditions and Angle Definitions for FWA for Alignment Option 4

Test condition Ol L B et Diagram
orientation angle angle 9
Rotation 1
Angle @
\P = 900 eLink; eMeas; = %
Free space dLink dMeas e
DUT _ : N with polarization
Orientation 1 | © = 0° re\ffgznr;czaxlatlof o reference 1 E
Link = — ¥
(default) . o Polweas = 0 or A%)J 4 —
D = (I) +X Eottion m Rotation
Angle W Angle ©
Rotation 3
Angle ®
Free space | y =_.9Q° _
DUT OLink; ?)’:\’lﬂeas' N
Orientation 2 _ dLink . e -
- Option 1 ©=0 with polarization W|tf1rep>foelrzrr|12(:zztlon F 4
(based on re- reference PolLink = 0 _ p—e_, ,
positioning | ® =-90° or ¢ Polweas = 6 or \’éo nt 0 | o
approach) ¢ ':f‘;g?; Angle ©
Rotation 3
Free space | Wy =.-9Q° . Angle “’+
DUT OLink; ?)’:\:eas’ = e )
. . ) eas
Orientation 2| ¢, _ 0 o Qe with polarization ‘
- Option 2 with polarization reference 0
(based on re- reference PolLink = 0 _ o,—.e_. .
positioning | @ =90° or ¢ | Poleas = 0 or % d D | e
approach) ¢ f:g;alg?;' 3 | Angee
Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.
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Table 4.1-6 Millimeter-Wave DUT Test Conditions and Angle Definitions for FWA for Alignment Option 5

Test condition el L LTI Diagram
orientation angle angle 9
\P - Oo eLink; eMeas;
Free space OLink dMeas
DUT = 900 with polarization with polarization et "
Orientation 1 | © = reference PolLink = 0 reference Rotaion & ‘
(default) or Polveas = 8 or ok ;—-6—» y
o = OO ¢ 4) X m iol;s:wov\
FreeDLsJE:_ace ‘P = 1800 eLink; eMeas;
. . (I)Link ¢Meas
O_rlgr;)tt?(t)lr?q 2 ® =-90° with polarization with polarization -n
(based on re- reference PolLink = 0 reference ety ¢
positioning D =0° or Polmeas = 0 or % g_&’ v
approach) ¢ o = prar
+Rotdio'\
FreeDSﬁ_ace \P = 00 eLink; eMeas;
. . (|)Link (I)Meas
O_rl(e)r;’tt?ct)lr?ZZ ® =-90° with polarization with polarization W
(based on re- reference PolLink = 0 reference rosson .
positioning | ® =0° or Polweas = 6 or 2% 7 | s
approach) ¢ ) P Angle &

Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.

Table 4.1-7 below provides the test conditions and angle definitions for the permitted device alignment for
laptops for the default test condition, DUT orientation 1, and two different options for each permitted
device alignment to re-position the device for DUT orientation 2 as outlined in Table 4.1-8 and Table 4.1-
9. The display is open at a lid angle of 110° + 5°, where lid angle is defined as the angle between the front
of the display to the levelled base, and the full projected volume is centered inside the test volume. Due to
changes in DUT orientations ¥, ®, and @ for the laptop alignment option proposed in Table 4.1-8 when
compared to those introduced earlier, a new alignment option, i.e., Option 6, was introduced.
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Table 4.1-7 Millimeter-Wave DUT Test Conditions and Angle Definitions for Laptops for Alignment Option 1

Test condition el L LTI Diagram
orientation angle angle 9
\P - Oo eLink; eMeas;
Free space OLink dMeas !
DUT o with polarization with polarization
Orientation 1 ©=0 reference PolLink = 0 reference
(default) or Polveas = 6 or
D =0° o o
Fregar_)race Y= 1800 eLink; eMeas;
. . (I)Link (I)Meas 110
Oflgr;)tﬁct)lr? q 2 0 =0° with polarization with polarization
(based on re- reference Poliink = 6 reference
positioning | @ = 0° or Polmeas = 0 or
approach) ¢ ¢
FreeDBr_i_ace ¥ =(Q° OLink; OMeas; = T ’
i i dLink OMeas 10°
O_”gntﬁct"r?gz O =180° with polarization with polarization L
(basé)d on re- reference PolLink = 6 reference
positioning D =Q° or Polmeas = 6 or
approach) ¢ ¢
Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.
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Table 4.1-8 Millimeter-Wave DUT Test Conditions and Angle Definitions for Laptops for Alignment Option 5

Test condition el L LTI Diagram
orientation angle angle 9
W= Qe OLink; OMeas; - oo
Free space PLink PMeas -y [ B |
DUT — oo with polarization with polarization 0 sls 20000 |
Orientation 1 | © = 90 reference PolLink = 0 reference e o "
(defaU”) or P0|Meas = 9 or = Rotation! T
=0 ¢ o D8 [t lalals
— ) - Y
Freg lst_)I_ace ¥ = 180° (3:"‘; ?)l\'\:eas; : :Innge
i i n eas Sfrge )@@
Of'gntt?ct)'r?q 2| 9=-90° with polarization with polarization R ol ||
(bas epd on re- reference Poluink = 6 reference D )€ J
positioning | ® =0° or POlweas = 6 or : fs S
approach) ¢ ¢ V|
Bottom
Free space | w = Qo OLink. OMens: z
DUT ¢LL'_"T(’ ¢““”A preo
. . in eas
O_rlgr;)tﬁél:r;Z ® =-90° with polarization with polarization =
(based on re- reference PolLink = 0 reference X cotaion A
positioning d =0° or Polmeas = 6 or il L
h o o 2
approach) ey - R )
Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle
Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.
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Table 4.1-9 Millimeter-Wave DUT Test Conditions and Angle Definitions for Laptops for Alignment Option 6

Test condition el L LTI Diagram
orientation angle angle 9
‘P = _900 eLink; eMeas;
Free space dLink OMeas w12
DUT o with polarization with polarization
Orientation 1 | © =0 reference PolLink = 0 reference |
(default) or Polveas = 0 or ]
@ =0° o o
FFGBLSJE)raCG ‘P = 900 eLink; eMeas;
. . (I)Link ¢Meas
Oflgntﬁé'r?q 2 e=0 with polarization with polarization g
(basepd on re- reference PolLink = 0 reference 4
positioning D =0° or Polmeas = 6 or 0
approach) ¢ ) 3
FregLSJF.)race Y= 900 eLink; eMeas; g.;
Orientation 2 _ 1amo L Qumk | QMeas 0
- Option 2 ® = 180 with polarization with polarization >
(based on re- reference PolLink = 0 reference 0 I
positioning | @ = 0° or Polmeas = 0 or :
approach) ¢ ¢ 0
w)

Note 1: A polarization reference, as defined in relation to the reference coordinate system, is maintained for each link and measurement angle

Note 2: The order of rotation angles listed in the DUT orientation column corresponds to the necessary order of rotations.

For each DUT requirement and test case, each of the parameters in the tables above need to be
recorded, such that DUT positioning, DUT beam direction, and angles link and measurement are
specified in terms of the fixed system coordinate system.

Due to the non-commutative nature of rotations, the order of rotations is important and needs to be
defined when multiple DUT orientations are tested.
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The following order of rotations needs to be followed for the device orientations specified in this test plan:
¥ (rotation around the x axis) = @ (rotation around the y axis) > @ (rotation around the z axis).

The rotations around the x, y, and z axes can be defined with the following rotation matrices:

1 0 0 0
_ 10 cos¥Y —sin? O
R:(¥) = 0 sinW cos¥ O
0 0 0 1
cos® 0 sin® 0
_ 0 1 0 0
Ry(©) = —sin® 0 cos® 0
0 0 0 1

and
cos®d —sin® 0 O
_|sin® cos® 0 O
Ro(®) = 0 0 1 0
0 0 0 1

with the respective angles of rotation ¥, ©®, and ® and:

/

X

] X
y 2Rl
/| Z
] 1

z
1

| e ——|

Additionally, any translation of the DUT can be defined with the translation matrix:

10 0 ¢
01 0 ¢t
Teotnt) =1y o 1 ¢
z

0 0 0

with offsets #, ty, #z in x, y, and z, respectively and with:

/

X

[x ]
|
1 |

=N R

The combination of rotations and translation is captured by the multiplication of rotation and translation
matrices.

For this test plan, the matrix M is defined as:

M = R,(®) - R,(©) - Ry(¥)
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which describes an initial rotation of the DUT around the x axis with angle ¥, a subsequent rotation
around the y axis with angle ©, and a final rotation around the z axis with angle @&.

The DUT coordinates can then be determined from the measurement/chamber coordinates using the
following equation:

XEUT XMeas Sin(Bueqs) c0S(Pumeas)
rgur = |[YVEUT| = M7t - 1pyr = M1+ | YMeas | = M1+ | sin(Bueas) SIN(Prreas)
ZEUT ZMeas cos(Opeas)

with
OEUT = aCOS(ZEUT) and

¢rur = atan(Ygyr/Xgut)

Near-field coupling effects between the antenna and the pedestals/positioners/fixtures generally cause
increased signal ripples. Re-positioning the DUT in order to direct the beam peak away from those areas
can reduce the effect of signal ripple on EIRP/EIS measurements. The figures below illustrate how the
DUT is repositioned within the distributed axes and combined axes system, when:

e The beam peak is directed to the DUTs upper hemisphere (DUT orientation 1) or
e The beam peak is directed to the DUTs lower hemisphere (DUT orientation 2).
While these figures are examples of different positioning systems and other implementations are not

precluded, the relative orientation of the coordinate system with respect to the antennas/reflectors and the
axes of rotation shall apply to any measurement setup.

74 © 2001 - 2025 CTIA Certification. All Rights Reserved.

CTIA

Certification”



CTIA 01.71, Version 8.0.1

Distributed-Axes System: Distributed-Axes System:
DUT Orientation 1 DUT Orientation 2

Figure 4.1-2 Millimeter-Wave DUT Re-Positioning for an Example of Distributed-Axes System

Combined-Axes System: Combined-Axes System:
DUT Orientation 1 DUT Orientation 2

Figure 4.1-3 DUT Re-Positioning for an Example of Combined-Axes System

For EIRP/EIS measurements, it is important to re-position the DUT to ensure the pedestal is not
obstructing the beam path and to ensure that the pedestal is not in closer proximity to the measurement
antenna/reflector than the DUT. For TRP measurements, re-positioning the DUT ensures that the beam
peak direction is not obstructed by the pedestal and the pedestal is in the measurement path only when
measuring the DUT’ back-hemisphere. No re-positioning of the DUT during the TRP measurement is
required.

The radiating portions of the device shall be fully enclosed within the quiet zone, but the non-radiating
portions of the device can be located/placed outside the quiet zone if a vendor declaration with
positioning reference points and the minimum QZ required to contain all active antennas within the quiet
zone (per band) is provided. This gray-box testing approach where the declared reference point is aligned
with the center of the QZ is further illustrated in Figure 4.1-4.
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Reference Point QZ with radius R

(declared)

® Centre of QZ

Figure 4.1-4: Gray-Box Test Approach

In the absence of a vendor declaration, the geometric center of the DUT shall be aligned with the center
of the QZ and the DUT shall be fully contained within the QZ. This black-box testing approach is further
illustrated in Figure 4.1-5.
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/ QZ with radius R

° Centre of QZ (aligned with

geometric centre of DUT)

Figure 4.1-5: Black-Box Test Approach
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Section 5 SISO, Reverberation Chamber Test Setup Configurations
5.1 DUT and Reference Antenna Location within the Test Volume

The reverberation chamber test volume is defined in Section 1.1.1 of CTIA 01.21 [6]. It includes these
characteristics:

. The valid test volume is the volume for which uncertainties have been established
per CTIA 01.73 [2] Section 6.2.3.

o The valid test volume shall satisfy the Proximity Effect Test (CTIA 01.73 [2] Section
6.2.2), and in other regards is suitable to hold a device under test or device under
test plus phantom, if utilized. The Uncertainty due to Lack of Spatial Uniformity (in
CTIA 01.73 [2] Section 6.2.3) and Reference Power Transfer Function (CTIA 01.21
[6] Section 2.1) shall be determined in the test volume with the phantom in the
chamber in the position where it will be located during a DUT TIS/TRP measurement.

Valid test volume boundaries shall be located at least 0.5 wavelength at the frequency of operation from
the walls, mechanical mode-stirrers (if used), and the antennas. Floor-standing devices may be placed
closer than 0.5 wavelength to the floor of the reverberation chamber as long as the radiating element is
farther than 0.5 wavelength from the floor.

For chamber precharacterization, reference and DUT measurements, per Section 1.1.1 of CTIA 01.21 [6]
the test volume shall encompass both the reference antenna and the DUT. The separation between the
reference antenna and the DUT shall exceed the minimum distance determined by the Proximity Effect
evaluation specified in CTIA 01.73 [2] Section 6.2.2.

)

For reference measurements, per Section 2.1 of CTIA 01.21 [6], the reference antenna shall be placed in
the test volume of the chamber in such a way that it undergoes the same stirring sequence as the DUT
antenna during the TRP or TIS measurements. Directional reference antennas shall be pointed away
from both the DUT and the measurement antennas.

For DUT measurements, per Section 2.2 and 2.3 of CTIA 01.21 [6], the free-space DUT or DUT mounted
on a phantom shall be positioned within the test volume of the chamber so that the chamber loading is
the same for the reference power transfer function characterization and DUT measurement steps and so
that it undergoes the same stirring sequence as the reference antenna during the calibration and
characterization tests.

5.2 DUT Free Space Positioning Requirements

The chassis and radiating element(s) of the DUT shall be positioned within the test volume in any location
or orientation meeting the criteria in Section 5.1 above. Note that stepped position stirring of the DUT
itself (i.e., a change in the orientation of the DUT with respect to the Measurement antenna) is allowed
within the test volume, as long as the Reference antenna undergoes the same stirring sequence.

5.3 DUT Positioning Requirements on Phantoms

The DUT shall be positioned on the phantom per the applicable subsections in Section 2. (Section 2.3
Positioning Requirements Wrist-Worn Device; Section 2.4 Positioning Guidelines for Chest-Worn
Devices; Section 2.5 Positioning Guidelines for Ankle-Worn Devices). Applicable sections relate to the
required orientation of the DUT on the phantom, as opposed to sections that describe the required
orientation of the DUT within the chamber. For example, when testing a wrist-worn DUT, the configuration
in Section 2.3.2 of this document shall be followed. However, there is no requirement that the phantom be
placed according to a specific Chamber Coordinate System, as discussed in Section 2.3.1.
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The DUT mounted on the phantom shall be positioned within the test volume in any location or orientation
meeting the criteria in Section 5.1. Note that stepped position stirring of the DUT plus phantom (i.e., a
change in the orientation of the DUT plus phantom with respect to the Measurement antenna) is allowed
within the test volume, as long as the Reference antenna undergoes the same stirring sequence.
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Appendix A Revision History

Date Version Description
February 4.0.0 Initial release
2022 Section 2:
e  Contents moved from SISO OTA test plan (Sections A.1, Q.6, L.4,L.8 and L.9)
e Addition of positioning guidelines for chest-worn devices.
Section 3:
e  Contents moved from MIMO OTA test plan (Section 2.3, Appendix D and Appendix E).
e  Addition of DUT positioning within the RTS Test Volume.
Section 4:
e  Contents moved from mm-wave OTA test plan (Appendix A)
November 4.0.1 Section 5:
2022 e Added clarifications for test setup configurations.
December 5.0.0 Section 2:
2022 e  Added Section 2.5, Positioning Guidelines for Ankle-Worn Devices
March 6.0.0 Section 4:
2023 e  Added positioning guidelines for Fixed Wireless Access (FWA) devices and laptops
e  Added the gray-box testing approach
April 2024 7.0.0 Section 2:
e  Positioning guidelines for chest-worn devices was changed to Normative
e  Added missing device setup guidelines to Section 2.3, Section 2.4, and Section 2.5
e  Added test configurations based on manufacturer-approved carry accessory
Section 5:
e  Added positioning guidelines for phantoms used in the Reverberation Chamber in Section 5.1, and
Section 5.3
September 8.0.0 Section 2:
2024 e  Added generic test setup guidelines to the introduction of Section 2 and simplified device type
specific setup guidelines in Section 2.3, Section 2.4, Section 2.5, Section 2.6, and Section 2.7
e  Moved Section 2.5 Positioning and Setup Guidelines for Ankle-Worn Devices to Section 2.7 in order
to be consistent with the v4.0.x numbering
December 8.0.1 Section 4:
2025 e Tables 4.1-7,4.1-8, and 4.1-9 were corrected
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