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Foreword

This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document describes the test procedure for the radiated performances measurements of the user
equipment (UE).

The handheld UE measurement procedures explained in this document are defined for roaming bands for the speech
mode position (beside the head and beside the head and hand) and hand phantom browsing mode position. Laptop
mounted equipment (LME) measurement procedures are defined for roaming bands for the data mode transfer position
(laptop ground plane phantom). Laptop embedded equipment (LEE) measurement procedures are defined for roaming
bands for the data mode transfer position (free space).

The browsing mode position explained in this document applies when the UE is held in hand, but not pressed agai nst
ear (such as web browsing and navigation).

The data mode transfer position (free space) explained in this document applies when the UE is used away from the
user’s head. Free space measurements are applicable to devices used in the data mode transfer position that consist of
the laptop mounted equipment (LME) plug-in UEs and laptop embedded equipment (LEE) UEs.

All bands are potential roaming bands, and the requirements for roaming bands shall therefore be fulfilled for al bands
supported by a UE.

Radiated performance of multiple-antenna receivers for handheld UE is defined for roaming bands in free space
configuration.

Recommended performance values for operating bands (Annex 1) are however included in this specification for
information. It should be recognised that the ability to meet the recommended performance values depends on the
number of frequency bands supported by the UE.

The radiated radio tests considered here are:
1. The measurement of the Total Radiated Power (TRP)
2. The measurement of the Total Radiated Sensitivity (TRS)
3. The measurement of Total Radiated M ulti-antenna Sensitivity (TRMS)

The test procedure described in this document measures the performance of the transmitter and the receiver, including
the antenna and also the effects of the user.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 25 101: "User Equipment (UE) radio transmission and reception (FDD)".

[3] 3GPP TR 25.914: "Measurements of radio performances for UMTS terminals in speech mode'.
[4] 3GPP TS 34.108: "Common Test Environments for User Equipment (UE) Conformance Testing".
[5] 3GPP TS 34.109: "Terminal logical test interface; Special conformance testing functions”
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Browsing mode position: UE isheld in hand, but not pressed against ear (such as web browsing and navigation).
Data modetransfer position: UE used away from the user’s head, applicable for LME and LEE devices.

FS: UE used in afree space configuration.

Intended use position: UE is attached to the SAM phantom intended for use in the check position.

LEE: Laptop embedded equipment (such as embedded module card embedded in notebooks).

LME: Laptop mounted eguipment (such as plug-in devices like USB dongles).

Primary mechanical mode: The mode that is most often used during a call beside the head. Other mechanical modes
are secondary. Every terminal has at least one primary mechanical mode.

Speech mode position: UE is placed into a hand phantom, which is holding the UE against the SAM head phantom.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

0 Zenith angle in the spherical co-ordinate system

[0} Azimuth angle in the spherical co-ordinate system

Q Solid angle defined at the phase centre of the DUT

Gy(6,0,f) Antenna gain pattern in the y-polarization as function of the spherical co-ordinates and the

carrier frequency
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Carrier frequency

Py Transmitted power

Qu(6,0,f) Angular power distribution in the y-polarization as function of the spherical co-ordinates
and the carrier frequency

dB decibel

dBm dB referenced to one milliwatt

m meter

mm millimeter

kbps kilobit per second

ms millisecond

MHz megahertz

TRM Saverage, 70 Average TRMS quantity calculated from sensitivity measurements at 70% throughput

TRM Saverage, 95 Average TRM S quantity calculated from sensitivity measurements at 95% throughput

TRPaverage the average measured total radiated power of low, mid and high channel

TRPnin the lowest measured total radiated power of each channel within an operating band

TRSuverage the average measured total radiated sensitivity of low, mid and high channel

TRSrax the highest measured total radiated sensitivity of each channel within an operating band

Pd Direct signal

Preasn Mesaured power received by field-probe at position n

PmopEexi Measured sensitivity value when MODE is one of {FS DMP, FS DML, FS DMSU}, xis
one of {70, 95} at azimuth position i

Py Reflected signal

Prs EPRE-MAX Maximum downlink RS-EPRE

Rewe Reflectivity level

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
TR 21.905[1].

3G 3'd Generation

3GPP 3G Partnership Project

3-D Three Dimensional

AAU Aalborg University

APD Angular Power Distribution

ARFCN Absolute Radio Frequency Channel Number
BER Bit Error Ratio

BS Base Station

BT Bluetooth

BTS Base Transceiver Station

CAD Computer Aided Design

CN Core Network

CPICH RSCP Common Pilot Channel Received Signal Code Power
CRC Cyclic Redundancy Check

DCH Dedicated Channel

DL Downlink

DML Data Mode Landscape

DMP Data Mode Portrait

DMSU Data Mode Screen Up

DPCH Dedicated Physical Channel

DPDCH Dedicated Physical Data Channel

DPCCH Physical Control Channel

DTCH Dedicated Traffic Channel

DUT Device Under Test

EIRP Effective | sotropic Radiated Power

EIS Effective | sotropic Sensitivity

ETSI European Telecommunications Standards I nstitute
EUT Equipment Under Test

E-UTRA Evolved UMTS Terrestrial Radio Access
E-UTRAN Evolved UMTS Terrestrial Radio Access Network
FDD Frequency Division Duplex
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FS
FSDML
FSDMP
FSDMSU
GPS
HUT
LCD
LEE
LME
LTE
MPAC
NB
NSA
OTA
PDA
QoS
QPSK
RAB
RB
RAN
RBW
RF
RMS
RS-EPRE
Rx
SAM
SAR
SS
TDD
TFCI
Tx
TRMS
TRP
TRS
UDP
UE

UL
UMTS
USB
UTRA
VBW
VNA
VSWR
WLAN
WWAN
XPD
XPR

Free Space

Free Space Data Mode Landscape

Free Space Data M ode Portrait

Free Space Data Mode Screen Up

Global Positioning System

Helsinki University of Technology

Liquid Crystal Display

Laptop Embedded Equipment (e.g. embedded module card embedded in notebooks)
Laptop Mounted Equipment (e.g., plug-in devices like USB dongles)
Long Term Evolution

Multi-Probe Anechoic Chamber

Node B

Normalised Site Attenuation

Over The Air

Personal Digital Assistant

Quiality of Service

Quadrature Phase Shift Keying (modulation)
Radio Access Bearer

Radio Bearer

Radio Access Network

Resol ution Bandwidth

Radio Frequency

Root Mean Square

Reference Signal-Energy Per Resource Element
Receiver

Specific Anthropomorphic Mannequin
Specific Absorption Rate

System Simulator

Time Division Duplex

Transport Format Combination Indicator
Transmitter

Total Radiated Multi-antenna Sensitivity
Total Radiated Power

Total Radiated Sensitivity

User Datagram Protocol

User Equipment

Uplink

Universal Mobile Telecommunications System
Universal Serial Bus

UMTS Terrestrial Radio Access

Video Bandwidth

Vector Network Analyzer

Voltage Standing Wave Ratio

Wireless Local Area Network

Wireless Wide Area Network

Cross-Polar Discrimination of the antenna
Cross-Polarization ratio of the channel

4

General

The device under test (DUT) presented in this clause is based on a device that is tested to determine performance as
defined in the present release of specifications.
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4.1 Terminal classes

4.1.1 Mechanical modes

The mechanical modes of a DUT are declared by the manufacturer. A DUT shall have at least one mechanical mode. If
only one mode is supported, then thisis defined as the primary.

4.2 UTRA chip rates

The requirements defined in this specification for UTRA are based on a chip rate of 3.84 Mcps (FDD) and 1.28 Mcps
(TDD).

NOTE: Other chip rates may be considered in future releases.

4.3 DUT positioning

4.3.1 DUT positioning for Speech Mode with beside the Head Phantom

The positioning specified in this clauseis used for the tests casestitled as tests for Speech Mode with beside the Head
Phantom. The characteristics of the Specific Anthropomorphic Mannequin (SAM) phantom are specified in Annex
A.2.1.

The DUT is attached to the SAM phantom in "cheek" position as defined both by |EEE [28] and CELENEC [16]
standards. The DUT performance is measured on both |eft and right side of the head.

Three points as shown in Figure 4.3.1-1 define the reference plane: centre of the right ear piece (RE), centre of the left
ear piece (LE) and centre of mouth (M).

At first, set the DUT ready for operation.
Definition of the 'Cheek’ position:

1. Align the ear piece of the phone (see Figure 4.3.1-1) at the line RE-LE. Then, position the DUT beside the
phantom so that the vertical line (see Figure 4.3.1-3) is parallel to the reference planein Figure 4.3.1-2 and is
aligned with the line M-RE on the reference plane (see Figure 4.3.1-3).

2. Position the DUT so that the ear piece of the DUT touches the ear piece of the phantom head on the line RE-LE.
Tilt the DUT chassis towards the cheek of the phantom having the vertical line aligned with the reference plane
until any point on the front side of the DUT isin contact with the cheek or until the contact with the ear islost.

NOTE: A holder fixture made of e.g. plastic may be used to position the handset against the phantom. An
experimental study presented in [17] shows that some plastic holders might introduce an unexpectedly
large effect to the measurement results. Therefore, special care must be seen when selecting such fixtures
for radiated measurements.

RE

Reference
plane

Figure 4.3.1-1: Reference plane on head phantom, front view
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Reference

Figure 4.3.1-2: Reference plane on head phantom, side view

vertical . Antenna
line

Figure 4.3.1-3: Reference lines at a DUT

NOTE: W isthe width of the chassis[28].

The characteristics of DUT positioning on head phantom in "cheek” position are specified in Table 4.3.1-1.

Table 4.3.1-1: Characteristics of DUT positioning on head phantom in “cheek” position

ID Cheek position on phantom head DUT chassis tilt DUT chassis position
0 Low Shift Down Up

1 Medium No Shift Aligned

2 High Shift Up Down

4.3.2 DUT positioning for LMEs on Laptop Ground Plane Phantom

The DUT positioning on Laptop Ground Plane Phantom means that a laptop ground plane phantom is used for radiated
performance measurementsin case of plug-in DUT like USB donglesthat is used away from the user’s head. This
includes all tests cases for LME devices. The characteristics of the laptop ground plane phantom are specified in Annex
A.2.3. The objective of the laptop ground plane phantom is to reproduce the effects of the ground plane for the antenna
of the DUT while avoiding the variation of the measurements introduced by areal laptop.

The DUT should be plugged into the USB connector and positioned in accordance with the manufacturer recommended
primary mechanical mode. In the absence of such arecommendation the DUT with either rotary USB porter or non-
rotary USB porter should be horizontally plugged into the horizontal USB connector, as shown in Figure A.2.3-1.

4.3.3 DUT positioning for Speech Mode with beside the Head and Hand
Phantom

4.3.3.1 General

The positioning specified in this clauseis used for the tests casestitled as tests for Speech Mode with beside the Head
and Hand Phantom. The characteristics of the Head and Hand Phantoms are specified in Annexes A.2.1 and A.2.2.
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Speech mode is simulation of avoice call user case. DUT is placed in to a hand phantom, which is holding the DUT
against the SAM head phantom. Positioning of the DUT in the hand phantom varies with the grip being used.
Positioning of the DUT against the head phantom isidentical to Subclause 4.3.2 with the exception that 6°tilt angle
from the cheek is being used instead of having direct contact between the cheek and DUT. A mask may be used to help
configuration of cheek + 6° tilt angle. 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 cheek, regardiess of DUT form factor. The materia for the head phantom mask spacer shall
have dielectric constant of less than 1.3 and aloss tangent of less than 0.003. Material additions can be used to help
fixing of the mask spacer onto the head phantom.

433.2 Mono-blocks and closed sliders

This procedure applies to mounting mono-block DUTs and closed-slide DUTS, when the DUT is less than 56 mm wide.
For consistent, repeatabl e positioning that conforms to the grip studies, an alignment tool with evenly spaced rulingsis
first used to measure the DUT. Alignment Tool A in Figure 4.3.3.2-1, features a 120° interior corner to ensure that the
ring fingertip lands in the desired position at the bottom of the DUT. The DUT is then positioned in accordance with
ruled markings on a conformal palm spacer regardless of any curvature in the DUT corners. DUTs with rounded corners
will sit lower in the tool than DUTs having square corners, and thus give a different reading.

1. Placethe 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. Record the bottom location of the DUT by reading off the bottom ruler of Tool A.

2. Observethe 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 1.

3. Placethe DUT on the right-handed or |eft-handed hand phantom spacer between the fingers. The bottom location
of the DUT on the spacer should be aligned with the reading recorded in Steps 1 and 2. Vertical centreline of the
DUT should be centred with the spacer. Make sure index finger isin contact with DUT.

4. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the
hand phantom against the head phantom in such way that the DUT isin 6°tilt angle as described in Subclause
4.33.
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Figure 4.3.3.2-1: Alignment Tool A and right-handed mono-block hand phantom with a spacer
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NOTE: The Alignment tool is used to determine DUT bottom location on spacer. Use left-handed (mirror-imaged)
spacers with left-handed phantoms.

4.3.3.3 Folds and open-slides

This procedure applies to fold and open-slide DUTSs, when the DUT isless than 56 mm wide. To help maintain a
consistent, repeatable positioning that conforms to the grip studies, an aignment tool with evenly spaced rulingsis first
used to measure the DUT. The DUT isthen positioned in accordance with ruled markings on a phantom spacer.
Alignment Tool B in Figure 4.3.3.3-1 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.

1. Openthe DUT and place it face-up on the alignment Tool B with its hinge suspended between the two humps.
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. Tool B has an engraved line on the side wall. Align axis of afold hinge to this marking. An open slider should be
dlide longitudinally until the base part of the DUT touches the narrow hump of the Tool B. Record the correct
longitudinal position of the bottom of the DUT by reading off the ruler of Tool B. Visualy align the two halves
of the split-level ruler to minimize parallax reading error.

3. Position the DUT in the right-handed or left-handed Fold Hand Phantom. It should be resting on the index
fingertip and palm spacer, with the bottom of the DUT aligned to the ruling on the right-handed or |eft-handed
palm spacer that corresponds to the reading from Step 2. Ensure that al fingertips are in contact with the DUT.

4. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the
hand phantom against the head phantom in such way that the DUT isin 6°tilt angle as described in Subclause
4.3.3.

hinge axis

narrow hump s S

= P,
=i wide hump i

Figure 4.3.3.3-1: Alignment Tool B and right-handed fold hand phantom with a spacer

NOTE: Use |eft-handed (mirror-imaged) spacers with left-handed phantoms.

4.3.3.4 PDA

This procedure appliesto DUTs that are from 56 to 72 mm wide. To help achieve a consistent positioning, the DUT is
aligned to a PDA palm spacer. No alignment tool is required. The PDA spacer features side and bottom walls to ensure
consistent alignment of DUTs of various sizes.

1. Placethe DUT on the PDA spacer between the fingers and align the DUT to the side wall of the PDA.

2. If the DUT isshorter than 135 mm, then align the top of the DUT with the top of the PDA spacer. Otherwise,
align the bottom of the DUT with the bottom wall of the PDA spacer.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 23 ETSI TS 137 544 V14.4.0 (2018-01)

3. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the
hand phantom against the head phantom in such way that the DUT isin 6°tilt angle as described in Subclause
4.3.3.

side walle»

bottom wall

Figure 4.3.3.4-1: Right-handed PDA hand phantom with a spacer

NOTE: Use left-handed (mirror-imaged) spacers with left-handed phantoms.
4.3.4 DUT positioning for Browsing Mode with Hand Phantom

4341 General

The positioning specified in this clauseis used for the test casestitles as tests for Browsing Mode with Hand Phantom.
The characteristics of the Hand Phantom are specified in Annex A.2.2. Browsing mode is used to simulate user cases
were the DUT isheld in hand, but not pressed against ear e.g. web browsing and navigation. The DUT shall be mounted
in a suitable hand phantom and oriented such that the DUT’s main display istilted 45 degrees from vertical. Devices
with a cover piece are tested cover open.

4.3.4.2 Narrow DUT

This procedure is suitable for use with all DUTs narrower than 56 mm. The alignment Tool A in Figure 4.3.4.2-1 isfirst
used to measure the distance between the bottom of the DUT and the centre of its navigation key. The DUT isthen
positioned in accordance with ruled markings on a palm spacer to data mode hand phantom.

1. Placethe DUT onthe DUT alignment Tool A. Record the chin length from the scale at the bottom of the
alignment tool.

2. Record the location of the navigation key (or the “2” key, if no navigation key is present) on the side ruler of the
DUT aignment tool A. The key's centre is used as the reference.
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3. Add the two readings from Step 2 and 3 together. If the sum isless than 30 mm, then use 30 mm location on
Spacer instead.

4, Placethe DUT on theright-hand or left-hand narrow data palm spacer and align the side of the DUT with the
side wall of the spacer. 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.

Make sure that the index finger isin 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.

Figure 4.3.4.2-1: Right-handed data hand phantom with a spacer

NOTE: Use left-handed (mirror-imaged) spacers with left-handed phantoms.

4.3.4.3 PDA

This procedure is suitable for use with DUTs of width 56-72 mm. The positioning of the DUT in the PDA hand for data
mode isidentical to that for speech mode described in Subclause 4.3.3.4.

4.3.5 DUT positioning for devices with embedded modules

The DUT positioning in a free space configuration without head and hand phantoms, as specified in Annex A.2.4, is
used for radiated performance measurements in case of an embedded module card, which is used away from the user’s
head. This positioning covers all tests cases for LEE devices. Parameters required for Notebooks are specified in Annex
A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

4.3.6 DUT positioning for total radiated multi-antenna sensitivity

4.3.6.1 Handheld UE — Free Space

The DUT positioning for Handheld UE is done using free space configuration.
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436.1.1 MPAC Positioning Guidelines

The MPAC positioning guidelines of the handheld UE in data mode in the MPAC system shall follow the requirements
in Annex A.5.2.1.

4.4 Sampling grid

For the anechoic chamber based measurement procedures the measurement of TRP is basically based on the
measurement of the spherical radiation pattern of the DUT. The power radiated by the DUT issampled in far fieldina
group of pointslocated on a spherical surface enclosing the DUT. Generally it can be said that since the radiating object
has alimited size the gain pattern cannot change arbitrarily versus angle, and therefore only alimited number of
samples are required to represent the gain pattern to a given accuracy. The samples of TRP are taken using a constant
sample step of 15° both in theta (6) and phi (¢) directions.

The measurement of TRSis based on the measurement of the spherical sensitivity pattern of the DUT. The sensitivity
values of the DUT at a predefined BLER level are sampled in far field in a group of points located on a spherical
surface enclosing the DUT. The samples of TRS are taken using a constant sample step of 30° both in theta (6) and phi
(¢) directions.

All the samples are taken with two orthogonal linear polarizations, &- and ¢ -polarisations. It is also possible to

measure some other polarisation components, if it is possible to recover 8- and @ -polarisations from the measured
data by some technique.

Alternatively, different sampling patterns may be used if they are able to ensure same or greater accuracy and provided
appropriate measurement uncertainty terms are applied. The TRP can be calculated by interpolating the values to points
on theregular grid. If an alternative sampling pattern is used number of measurement points should be greater than in
the regular sampling grid.

For the multi-probe anechoic chambers procedures the measurement of TRMS are taken using sample steps of 30° in
phi (¢), i.e. with 12 different UE azimuth rotations. For more details, see Annex A.5.

4.5 Number of independent samples (for reverberation chamber
procedure)

When measuring TRP and TRS in an isotropic Rayleigh fading environment, 100 independent samples can be
considered sufficient for ensuring an expanded accuracy better than 0.5 dB. Observe that it might be necessary to
collect more samples than this during a measurement sequence in order to ensure a sufficient number of independent
samples, since al collected samples might not be independent. The number of samples to be collected during a
measurement sequence for each chamber should be chosen so that the overall measurement uncertainty is within the
specified limits.

5 Measurement frequencies

5.1 UTRA FDD frequency bands and measurement channels

Table 5.1-1 provides thelist of UTRA FDD frequency bands.
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Table 5.1-1: UTRA FDD frequency bands

Operating UL Frequencies DL frequencies
Band UE transmit, Node B receive UE receive, Node B transmit
I 1920 — 1980 MHz 2110 -2170 MHz
Il 1850 -1910 MHz 1930 —1990 MHz
Il 1710-1785 MHz 1805-1880 MHz
\% 1710-1755 MHz 2110-2155 MHz
\Y, 824 — 849 MHz 869-894 MHz
VI 830-840 MHz 875-885 MHz
I 2500-2570 MHz 2620-2690 MHz
VIl 880 — 915 MHz 925 — 960 MHz
IX 1749.9-1784.9 MHz 1844.9-1879.9 MHz
X 1710 - 1770 MHz 2110 - 2170 MHz
XIX 830 — 845MHz 875 — 890 MHz

Table 5.1-2: specifies the measurement channels for UTRA FDD

TBD

Table 5.1-2: UTRA FDD measurement channels

Operating UL Channels DL Channels
Band Low Mid High Low Mid High
| 9612 9750 9888 10562 10700 10838
I 9262 9400 9538 9662 9800 9938
1l 937 1113 1288 1162 1338 1513
\Y 1312 1413 1513 1537 1638 1738
v 4132 4183 4233 4357 4408 4458
VI 4162 4175 4188 4387 4400 4413
VI 2012 2175 2338 2237 2400 2563
il 2712 2788 2863 2937 3013 3088
IX 8762 8837 8912 9237 9312 9387
X 2888 3025 3162 3113 3250 3387
XIX 387 412 437 787 812 837
5.2 UTRA TDD frequency bands and measurement channels

Table 5.2-1 provides the UTRA TDD frequency bands.
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Table 5.2-1: UTRA TDD frequency bands

Op;;ﬁtc;ng Frequencies

a 1900-1920 MHz
2010-2025 MHz

b 1850-1910 MHz
1930-1990 MHz

c* 1910-1930 MHz

a** 2570-2620 MHz

e 2300-2400 MHz

f 1880-1920 MHz

NOTE: Deployment in other frequency bandsis not precluded.
* Used in ITU Region 2
** Used in ITU Region 1

Table 5.2-2: specifies the measurement channels for UTRA TDD

TBD

Table 5.2-3: UTRA TDD measurement channels

Operating Band Channels
Low Mid High
a
1900-1920 MHz 9504 9550 9596
2010-2025 MHz 10054 10087 10121
b
1850-1910 MHz 9254 9400 9546
1930-1990 MHz 9654 9800 9946
c
1910-1930 MHz 9554 9600 9646
d
2570-2620 MHz 12854 12975 13096
e
2300-2400 MHz 11504 11750 11996
f
1880-1920 MHz 9404 9500 9596

5.3 E-UTRA FDD frequency bands and measurement
frequencies allocations

Editor’ s notes: This Subclause isincomplete. The following item is missing or incomplete:
- TBDsin Tables5.3-1 (TRP) and 5.3.3 (TRS)
- Some E-UTRA bands are not included and are FFS

This section specifiesthe LTE-FDD TRP and TRS frequency bands and measurement frequencies allocations. Table
5.3-0 lists the operating bands. Table 5.3-1 specifies the measurement frequency alocations for TRP and Table 5.3-2
specifies the measurement frequency allocations for TRS.
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Table 5.3-0 E-UTRA FDD operating bands for TRP and TRS

E-UTRA Uplink (UL) ope(ating band Downlmkégrl;()joperatlng D'\;:géeex
) BS receive .
Operating UE transmit BS transmit
Band UE receive
FuL low — FuL high FoL low — FpL high
1 1920 MHz 1980 MHz 2110 MHz 2170 MHz FDD
2 1850 MHz 1910 MHz 1930 MHz 1990 MHz FDD
3 1710 MHz 1785 MHz 1805 MHz 1880 MHz FDD
4 1710 MHz 1755 MHz 2110 MHz 2155 MHz FDD
5 824 MHz 849 MHz 869 MHz 894MHz FDD
7 2500 MHz 2570 MHz 2620 MHz 2690 MHz FDD
8 880 MHz 915 MHz 925 MHz 960 MHz FDD
12 699 MHz 716 MHz 729 MHz 746 MHz FDD
13 777 MHz 787 MHz 746 MHz 756 MHz FDD
14 788 MHz 798 MHz 758 MHz 768 MHz FDD
17 704 MHz 716 MHz 734 MHz 746 MHz FDD
19 830 MHz 845 MHz 875 MHz 890 MHz FDD
20 832 MHz 862 MHz 791 MHz 821 MHz FDD
21 1447.9 MHz 1462.9 1495.9 MHz 1510.9 MHz FDD
MHz
22 3410 MHz 3490 MHz 3510 MHz 3590 MHz FDD
23 2000 MHz 2020 MHz 2180 MHz 2200 MHz FDD
1626.5 MHz 1660.5 1525 MHz 1559 MHz FDD
24 MHz
25 1850 MHz 1915 MHz 1930 MHz 1995 MHz FDD
26 814 MHz 849 MHz 859 MHz 894 MHz FDD
27 807 MHz 824 MHz 852 MHz 869 MHz FDD
28 703 MHz 748 MHz 758 MHz 803 MHz FDD
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Table 5.3-1: Measurement frequency allocations for TRP (FDD)
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DL UL Channel DL Carrier UL Carrier UL
EARFCN EARFCN BW Frequency | frequency DL Cirs | DL RBstart UL CiLrs RBstart
Band 1

50 18050 10 2115 1925 Note 1 Note 1 12 0

300 18300 10 2140 1950 Note 1 Note 1 12 19

550 18550 10 2165 1975 Note 1 Note 1 12 38
Band 2

650 18650 10 1935 1855 Note 1 Note 1 12 0

900 18900 10 1960 1880 Note 1 Note 1 12 19

1150 19150 10 1985 1905 Note 1 Note 1 12 38
Band 3

1250 19250 10 1810 1715 Note 1 Note 1 12 0

1575 19575 10 18425 17475 Note 1 Note 1 12 19

1900 19900 10 1875 1780 Note 1 Note 1 12 38
Band 4

2000 20000 10 2115 1715 Note 1 Note 1 12 0

2175 20175 10 2132,5 1732,5 Note 1 Note 1 12 19

2350 20350 10 2150 1750 Note 1 Note 1 12 38
Band 5

2450 20450 10 874 829 Note 1 Note 1 12 0

2525 20525 10 881,5 836,5 Note 1 Note 1 12 19

2600 20600 10 889 844 Note 1 Note 1 12 38
Band 7

2800 20800 10 2625 2505 Note 1 Note 1 12 0

3100 21100 10 2655 2535 Note 1 Note 1 12 19

3400 21400 10 2685 2565 Note 1 Note 1 12 38
Band 8

3500 21500 10 930 885 Note 1 Note 1 12 0

3625 21625 10 9425 897,5 Note 1 Note 1 12 19

3750 21750 10 955 910 Note 1 Note 1 12 38
Band 12

5060 23060 10 734 704 Note 1 Note 1 12 0

5095 23095 10 737,5 707,5 Note 1 Note 1 12 19

5130 23130 10 741 711 Note 1 Note 1 12 38
Band 13

5230 23230 10 751 782 Note 1 Note 1 12 0

5230 23230 10 751 782 Note 1 Note 1 12 19

5230 23230 10 751 782 Note 1 Note 1 12 38
Band 14

5330 23330 10 763 793 Note 1 Note 1 12 0

5330 23330 10 763 793 Note 1 Note 1 12 19

5330 23330 10 763 793 Note 1 Note 1 12 38
Band 17

5780 23780 10 739 709 Note 1 Note 1 12 0

5790 23790 10 740 710 Note 1 Note 1 12 19

5800 23800 10 741 711 Note 1 Note 1 12 38
Band 19

6050 24050 10 880 835 Note 1 Note 1 12 0

6075 24075 10 882.5 837.5 Note 1 Note 1 12 19

6100 24100 10 885 840 Note 1 Note 1 12 38
Band 20

6200 24200 10 796 837 Note 1 Note 1 12 0

6300 24300 10 806 847 Note 1 Note 1 12 19

6400 24400 10 816 857 Note 1 Note 1 12 38
Band 21

6525 24525 15 1503.4 1455.4 Note 1 Note 1 16 0

6525 24525 15 1503.4 1455.4 Note 1 Note 1 16 29

6525 24525 15 1503.4 1455.4 Note 1 Note 1 16 59
Band 22

TBD TBD TBD TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD TBD TBD TBD
Band 23

TBD TBD TBD TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD TBD TBD TBD
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TBD | TBD TBD TBD TBD TBD TBD TBD TBD
Band 24
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
Band 25
8065 26065 5 1932.5 1852.5 Note 1 Note 1 8 0
8365 26365 5 1962.5 1882.5 Note 1 Note 1 8 8
8665 26665 5 1992.5 1912.5 Note 1 Note 1 8 17
Band 26
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
Band 27
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
Band 28
9260 27260 10 763 708 Note 1 Note 1 12 0
9410 27410 10 778 723 Note 1 Note 1 12 19
9610 27610 10 798 743 Note 1 Note 1 12 38
Note 1:  As per 3GPP TS 36.521-1 [11], Section 6.2 (UE Maximum Output Power), and Section A.3.2.A (Downlink
Reference measurement channel for TX characteristics).
Note 2:  Network signalling value NS_01 shall be used in TRP test
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Table 5.3-2: Measurement frequency allocations for TRS (FDD)
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DL UL Channel DL Carrier UL Carrier UL
EARFCN EARFCN BW Frequency | frequency DL Cirs | DL RBstart | UL Cirrs RBstart
Band 1

50 18050 10 2115 1925 50 0 50 0

300 18300 10 2140 1950 50 0 50 0

550 18550 10 2165 1975 50 0 50 0
Band 2

650 18650 10 1935 1855 50 0 50 0

900 18900 10 1960 1880 50 0 50 0

1150 19150 10 1985 1905 50 0 50 0
Band 3

1250 19250 10 1810 1715 50 0 50 0

1575 19575 10 18425 17475 50 0 50 0

1900 19900 10 1875 1780 50 0 50 0
Band 4

2000 20000 10 2115 1715 50 0 50 0

2175 20175 10 2132,5 1732,5 50 0 50 0

2350 20350 10 2150 1750 50 0 50 0
Band 5

2450 20450 10 874 829 50 0 25 25

2525 20525 10 881,5 836,5 50 0 25 25

2600 20600 10 889 844 50 0 25 25
Band 7

2800 20800 10 2625 2505 50 0 50 0

3100 21100 10 2655 2535 50 0 50 0

3400 21400 10 2685 2565 50 0 50 0
Band 8

3500 21500 10 930 885 50 0 25 25

3625 21625 10 942,5 897,5 50 0 25 25

3750 21750 10 955 910 50 0 25 25
Band 12

5060 23060 10 734 704 50 0 20 30

5095 23095 10 737,5 707,5 50 0 20 30

5130 23130 10 741 711 50 0 20 30
Band 13

5230 23230 10 751 782 50 0 15 0

5230 23230 10 751 782 50 0 15 0

5230 23230 10 751 782 50 0 15 0
Band 14

5330 23330 10 763 793 50 0 20 0

5330 23330 10 763 793 50 0 20 0

5330 23330 10 763 793 50 0 20 0
Band 17

5780 23780 10 739 709 50 0 20 30

5790 23790 10 740 710 50 0 20 30

5800 23800 10 741 711 50 0 20 30
Band 19

6050 24050 10 880 835 50 0 25 0

6075 24075 10 882.5 837.5 50 0 25 0

6100 24100 10 885 840 50 0 25 0
Band 20

6200 24200 10 796 837 50 0 20 30

6300 24300 10 806 847 50 0 20 30

6400 24400 10 816 857 50 0 20 30
Band 21

6525 24525 15 1503.4 1455.4 75 0 25 0

6525 24525 15 1503.4 1455.4 75 0 25 0

6525 24525 15 1503.4 1455.4 75 0 25 0
Band 22

TBD TBD TBD TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD TBD TBD TBD
Band 23

TBD TBD TBD TBD TBD TBD TBD TBD TBD

TBD TBD TBD TBD TBD TBD TBD TBD TBD
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TBD | TBD TBD TBD TBD TBD TBD TBD TBD

Band 24
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD

Band 25
8065 26065 5 19325 1852.5 25 0 25 0
8365 26365 5 1962.5 1882.5 25 0 25 0
8665 26665 5 1992.5 19125 25 0 25 0

Band 26
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD

Band 27
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD
TBD TBD TBD TBD TBD TBD TBD TBD TBD

Band 28
9260 27260 10 763 708 50 0 25 0
9410 27410 10 778 723 50 0 25 0
9610 27610 10 798 743 50 0 25 0

Note 1: Referto TS 36.521-1-1 [11], Table A.3.2-1 (Fixed Reference Channel for Receiver Requirements (FDD)),

10MHz configuration

Note 2:  Network signalling value NS_01 shall be used in TRS tests unless explicitly specified

Note 3:  Network signalling value NS_03 shall be used for Bands 2, 4, and 23

Note 4:  Network signalling value NS_06 shall be used for Bands 12, 13, 14, and 17

Note 5:  Network signalling value NS_08 shall be used for Band 19

Note 6:  Network signalling value NS_09 shall be used for Band 21

54 E-UTRA TDD frequency bands and measurement

frequencies allocations
Editor’ s notes: This Subclause isincomplete. The following item is missing or incomplete:
- TBDsin Tables 5.4-1 (TRP) and 5.4.3 (TRS)

This section specifiesthe LTE-TDD TRP and TRS frequency bands and measurement frequencies allocations. Table
5.4-0 lists the operating bands. Table 5.4-1 specifies the measurement frequency alocations for TRP and Table 5.4-2
specifies the measurement frequency allocations for TRS.

Table 5.4-0 E-UTRA TDD operating bands for TRP and TRS

E-UTRA Uplink (UL) ope(ating band Downlmkégrl;zjoperatmg thlg)éeex
) BS receive .
Operating UE transmit BS trans.mlt
Band UE receive
FuL low — FuL high FoL low — FbL high
33 1900 MHz - 1920 MHz 1900 MHz 1920 MHz TDD
34 2010 MHz - 2025 MHz 2010 MHz 2025 MHz TDD
35 1850 MHz - 1910 MHz 1850 MHz 1910 MHz TDD
36 1930 MHz - 1990 MHz 1930 MHz 1990 MHz TDD
37 1910 MHz - 1930 MHz 1910 MHz 1930 MHz TDD
38 2570 MHz - 2620 MHz 2570 MHz 2620 MHz TDD
39 1880 MHz — 1920 MHz 1880 MHz 1920 MHz TDD
40 2300 MHz - 2400 MHz 2300 MHz 2400 MHz TDD
41 2496 MHz - 2690 MHz 2496 MHz 2690 MHz TDD
42 3400 MHz - 3600 MHz 3400 MHz 3600 MHz TDD
43 3600 MHz - 3800 MHz 3600 MHz 3800 MHz TDD
44 703MHz - 803 MHz 703 MHz 803 MHz TDD
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Table 5.4-1: Measurement frequency allocations for TRP (TDD)
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DL UL Channel DL Carrier UL Carrier UL
EARFCN EARFCN BW Frequency | frequency DL CLre | DL RBstart UL Cirs RBstart
Band 33

36100 | 36100 | 20 1910 1910 Note 1 Note 1 18 41
Band 34

TBD | TBD | TBD TBD TBD TBD TBD TBD TBD
Band 35

36450 36450 20 1860 1860 Note 1 Note 1 18 0

36650 36650 20 1880 1880 Note 1 Note 1 18 41

36850 36850 20 1900 1900 Note 1 Note 1 18 82
Band 36

37050 37050 20 1940 1940 Note 1 Note 1 18 0

37250 37250 20 1960 1960 Note 1 Note 1 18 41

37450 37450 20 1980 1980 Note 1 Note 1 18 82
Band 37

37650 | 37650 | 20 1920 1920 Note 1 Note 1 18 41
Band 38

37850 37850 20 2580 2580 Note 1 Note 1 18 0

38000 38000 20 2595 2595 Note 1 Note 1 18 41

38150 38150 20 2610 2610 Note 1 Note 1 18 82
Band 39

38350 38350 20 1890 1890 Note 1 Note 1 18 0

38450 38450 20 1900 1900 Note 1 Note 1 18 41

38550 38550 20 1910 1910 Note 1 Note 1 18 82
Band 40

38750 38750 20 2310 2310 Note 1 Note 1 18 0

39150 39150 20 2350 2350 Note 1 Note 1 18 41

39550 39550 20 2390 2390 Note 1 Note 1 18 82
Band 41

39750 39750 20 2506 2506 Note 1 Note 1 18 0

40620 40620 20 2593 2593 Note 1 Note 1 18 41

41490 41490 20 2680 2680 Note 1 Note 1 18 82
Band 42

41690 41690 20 3410 3410 Note 1 Note 1 18 0

42590 42590 20 3500 3500 Note 1 Note 1 18 41

43490 43490 20 3590 3590 Note 1 Note 1 18 82
Band 43

43690 43690 20 3610 3610 Note 1 Note 1 18 0

44590 44590 20 3700 3700 Note 1 Note 1 18 41

45490 45490 20 3790 3790 Note 1 Note 1 18 82
Band 44

TBD | TBD | TBD TBD TBD TBD TBD TBD TBD
Note 1:  As per 3GPP TS 36.521-1 [11], Section 6.2 (UE Maximum Output Power), and Section A.3.2.A (Downlink

Reference measurement channel for TX characteristics).

Note 2:  Network signalling value NS_01 shall be used in TRP tests.
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DL UL Channel DL Carrier UL Carrier UL
EARFCN EARFCN BW Frequency | frequency DL CLre | DL RBstart UL Cirs RBstart
Band 33

36100 | 36100 | 20 1910 1910 100 0 100 0
Band 34

TBD | TBD | TBD TBD TBD TBD TBD TBD TBD
Band 35

36450 36450 20 1860 1860 100 0 100 0

36650 36650 20 1880 1880 100 0 100 0

36850 36850 20 1900 1900 100 0 100 0
Band 36

37050 37050 20 1940 1940 100 0 100 0

37250 37250 20 1960 1960 100 0 100 0

37450 37450 20 1980 1980 100 0 100 0
Band 37

37650 | 37650 | 20 1920 1920 100 0 100 0
Band 38

37850 37850 20 2580 2580 100 0 100 0

38000 38000 20 2595 2595 100 0 100 0

38150 38150 20 2610 2610 100 0 100 0
Band 39

38350 38350 20 1890 1890 100 0 100 0

38450 38450 20 1900 1900 100 0 100 0

38550 38550 20 1910 1910 100 0 100 0
Band 40

38750 38750 20 2310 2310 100 0 100 0

39150 39150 20 2350 2350 100 0 100 0

39550 39550 20 2390 2390 100 0 100 0
Band 41

39750 39750 20 2506 2506 100 0 100 0

40620 40620 20 2593 2593 100 0 100 0

41490 41490 20 2680 2680 100 0 100 0
Band 42

41690 41690 20 3410 3410 100 0 100 0

42590 42590 20 3500 3500 100 0 100 0

43490 43490 20 3590 3590 100 0 100 0
Band 43

43690 43690 20 3610 3610 100 0 100 0

44590 44590 20 3700 3700 100 0 100 0

45490 45490 20 3790 3790 100 0 100 0
Band 44

TBD | TBD | TBD TBD TBD TBD TBD TBD TBD
Note 1: Referto TS 36.521-1 [7], Table A.3.2-2 (Fixed Reference Channel for Receiver Requirements (TDD)),

20MHz configuration

Note 2:  Network signalling value NS_01 shall be used in TRS tests

5.5

E-UTRA FDD operating bands and measurement frequency
allocations for receiver total radiated multi-antenna
sensitivity

This section specifies the E-UTRA FDD operating bands and measurement frequency alocations for TRMS. Table 5.5-
1 lists the operating bands and Table 5.5-2 specifies the measurement frequency alocations for TRMS.
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Table 5.5-1 E-UTRA FDD operating bands for receiver total radiated multi-antenna sensitivity
requirements

Uplink (UL) operating band Downlink (DL) operating Duplex
E-UTRA . band Mode
) BS receive .
Operating UE transmit BS transmit
Band UE receive
FuL_low — FuL high FbpL_1ow — FbL high
1 1920 MHz - 1980 MHz 2110 MHz — 2170 MHz FDD
2 1850 MHz - 1910 MHz 1930 MHz - 1990 MHz FDD
3 1710 MHz - 1785 MHz 1805 MHz - 1880 MHz FDD
4 1710 MHz - 1755 MHz 2110 MHz — 2155 MHz FDD
5 824 MHz - 849 MHz 869 MHz — 894MHz FDD
7 2500 MHz = - 2570 MHz 2620 MHz — 2690 MHz FDD
8 880MHz - 915 MHz 925 MHz - 960 MHz FDD
12 699 MHz - 716 MHz 729 MHz — 746 MHz FDD
13 777MHz - 787 MHz 746 MHz — 756 MHz FDD
19 830 MHz - 845 MHz 875MHz — 890 MHz FDD
20 832MHz - 862 MHz 791 MHz - 821 MHz FDD
28 703MHz - 748 MHz 758 MHz - 803 MHz FDD
32 N/A 1452 MHz - 1496 MHz FDD!
NOTE 1: Restricted to E-UTRA operation when carrier aggregation is configured. The
downlink operating band is paired with the uplink operating band (external) of the
carrier aggregation configuration that is supporting the configured Pcell.

Deployment in other frequency bandsis not precluded.

Table 5.5-2: Measurement frequency allocations for TRMS (FDD)

DL UL Channel DL Carrier UL Carrier UL
EARFCN EARFCN BW Frequency | frequency DL Cirs | DL RBstart | UL Cirrs RBstart
Band 1

300 | 18300 | 10 2140 1950 50 0 50 0
Band 2

900 | 18900 [ 10 1960 1880 50 0 50 0
Band 3

1575 | 19575 | 10 18425 17475 50 0 50 0
Band 4

2175 | 20175 ] 10 21325 17325 50 0 50 0
Band 5

2525 | 20525 [ 10 881,5 836,5 50 0 50 0
Band 7

3100 | 21100 | 10 2655 2535 50 0 50 0
Band 8

3625 | 21625 | 10 942,5 897,5 50 0 50 0
Band 12

5095 | 23095 | 10 7375 707,5 50 0 50 0
Band 13

5230 | 23230 | 10 751 782 50 0 50 0
Band 19

6075 [ 24075 | 10 882.5 837.5 50 0 50 0
Band 20

6300 | 24300 | 10 806 847 50 0 50 0
Band 28

9410 | 27410 | 10 778 723 50 0 50 0
Band 32

10140 | NA | 10 1474 N/A 50 0 N/A N/A
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E-UTRA TDD operating bands and measurement frequency

allocations for receiver total radiated multi-antenna
sensitivity

This section specifies the E-UTRA TDD operating bands and measurement frequency alocations for TRMS. Table 5.6-
1 lists the operating bands and Table 5.6-2 specifies the measurement frequency allocations for TRMS.

Table 5.6-1 E-UTRA TDD operating bands for receiver total radiated multi-antenna sensitivity

requirements

Uplink (UL) operating band Downlink (DL) operating Duplex
E-UTRA BS receive band _ Mode
Operating UE transmit BS trans.mlt
Band UE receive
FuL low — FuL high FoL low — FpL high
38 2570 MHz - 2620 MHz 2570 MHz - 2620 MHz TDD
39 1880 MHz - 1920 MHz 1880 MHz - 1920 MHz TDD
40 2300 MHz - 2400 MHz 2300 MHz - 2400 MHz TDD
41 2496 MHz 2690 MHz 2496 MHz 2690 MHz TDD
42 3400 MHz - 3600 MHz 3400 MHz - 3600 MHz TDD
46 5150 MHz - 5925 MHz 5150 MHz - 5925 MHz TDD!2
NOTE 1: This band is an unlicensed band restricted to licensed-assisted operation using

Frame Structure Type 3.
In this version of the specification, restricted to E-UTRA DL operation when carrier
aggregation is configured.

NOTE 2:

Deployment in other frequency bandsis not precluded.

Table 5.6-2: Measurement frequency allocations for TRMS (TDD)

DL UL Channel DL Carrier UL Carrier UL
EARFCN | EARFCN BW Frequency | frequency DL C.re | DL RBstart UL CiLrs RBstart
Band 38

38000 | 38000 | 20 2595 2595 100 0 100 0
Band 39

38450 | 38450 | 20 1900 1900 100 0 100 0
Band 40

39150 [ 39150 | 20 2350 2350 100 0 100 0
Band 41

40620 | 40620 | 20 2593 2593 100 0 100 0
Band 42

42590 | 42590 | 20 3500 3500 100 0 100 0
Band 46

50665 | 50665 | 20 5537,5 5537,5 100 0 100 0

6

6.1

Transmitter Performance

Performance for handheld UE
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6.1.1  Total Radiated Power (TRP) for UTRA FDD in Speech Mode with
beside the Head Phantom

6.1.1.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :EﬂEI RP,(Q; f) + EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRP, and El RP(/, are the actually transmitted power-levels in corresponding polarizations.

Thus
T N-1M -1 .
TszmZ S [EIRR, (8,0 ) + EIRP,(6,,0,; F)]siN(8,)
n=0 m=0

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
n=1 Cn (1_ )
N

Z Pref n
n=1

where P | isthe reference power transfer function for fixed measurement antennan, R| isthe reflection coefficient

TRP ~

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
2. S
_ m=1
VI
where S,, |, issample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.
Note that al averaging must be performed using linear power values (e.g. measurements in Watts).

The reguirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.
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6.1.1.2 Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance
requirements for roaming bands shown in Table 6.1.1.2-1. The averaging shall be donein linear scale for the TRP results
of both right and left side of the phantom head.

TRP _ 10|Og 10P|eﬂ_|ow/10 + 1OPIeft_md /10 + 1OPIeft_h|gh /10 + 10Pr|ght_|0w/lo + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance requirements shown in the columns “Min”.

TRR,, = mi nlpleft_low1 Plert_mid’ Pleft_high’ P

right _low?

P

right_mid ? I:)right_hith

Table 6.1.1.2-1: TRP minimum performance requirement for FDD roaming bands in the speech
position and the primary mechanical mode

Operating Power Power Power Class 3 Power Class 3bis Power Class 4
band Class 1 Class 2
Power Power Power (dBm) Power (dBm) Power (dBm)
(dBm) (dBm)
Average Min Average Min Average Min
| - - +15 +13 +15 +13 +13 +11
Il - - +15 +13 +15 +13 +13 +11
1] - - +15 +13 +15 +13 +13 +11
v - - +15 +13 +15 +13 +13 +11
\Y - - +11 +9 +11 +9 +9 +7
VI - - +11 +9 +11 +9 +9 +7
\ill - - +15 +13 +15 +13 +13 +11
Vil - - +12 +10 +12 +10 +10 +8
IX - - +15 +13 +15 +13 +13 +11
XIX - - +11.5 +9.5 +11.5 +9.5 +9.5 +7.5
NOTE:  Applicable for dual-mode GSM/UMTS.

The normative reference for this Subclauseis TS 37.144 Subclause 6.1.1.2.

6.1.1.3 Test purpose

The purpose of thistest isto verify that TRP, ... ad TRF; of the UE is not below specified values. A lower
TRP, age @d TRR, decrease the coverage area.

6.1.1.4 Method of test

6.1.1.4.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see 3GPP TS 34.121-1 [7] chapter 5.2. The period of
measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is
not disturbing the power measurement.

Test environment: normal; see TS34.121-1 [7] Annex G.2.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.1-2.

1) Set the SS downlink physical channels according to settingsin Table 6.1.1.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2) Power on the UE.
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3) A call isset up according to the Generic call setup procedure. The power control agorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

4) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.1.1.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec/DPCH_Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH Ec =5dB
SCH SCH_Ec/DPCH_Ec=5dB
PICH PICH Ec/DPCH Ec =2dB
DPCH Test dependent power

6.1.1.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.
3) Position the UE against the SAM phantom
4) Measurethe EIRP, and El RPq, with a sample step of 15° in theta (8) and phi (¢) directions using a test system
having characteristics as described in Annex A.
5) Calculate TRP using equations from Subclause 6.1.1.1

NOTE 1. The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 8- and ¢ -

polarisations.
NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized
by

AEIRP =

S

Y (EIRPstd, — EIRPnstd, )
i=1

where EIRPStd, is power measurement done with standard setting. EIRPNStd; is power measurement done with
non standard modulation. N isamount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.1.1.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position the UE against the SAM phantom
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4) Measure a sufficient number of independent samples (see Subclause 4.5) of SZl,n,m using atest system having
characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.1.1.

NOTE 1: The measurement procedure is based on the measurement of the total power radiated from the UE to a
full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

6.1.1.5 Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements
for roaming bands shown in Table 6.1.1.5-1. The averaging shall be donein linear scale for the TRP results of both right
and left side of the phantom head.

TRP _ 1O|Og 1OPIeft7Iow/lO + lopleftim'd /10 + 1oplef!7high /10 + 10Prigh!7I0\N/lO + 10Prightimid /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance regquirements shown in the columns “Min”.

TRPmin = minlpleft_low’ I:)Ieft_mid ' Pleft_high’ Pright_low' Pright_mid ’ Pright_hith

Table 6.1.1.5-1: TRP test requirement for FDD roaming bands in the speech position and the primary
mechanical mode

Operating Power Power Power Class 3 Power Class 3bis Power Class 4
band Class 1 Class 2
Power Power Power (dBm) Power (dBm) Power (dBm)
(dBm) (dBm)
Average Min Average Min Average Min
| - - +14.3 +12.0 +14.3 +12.0 +12.3 +10.0
I - - +14.3 +12.0 +14.3 +12.0 +12.3 +10.0
11 - - +14.3 +12.0 +14.3 +12.0 +12.3 +10.0
Y - - +14.3 +12.0 +14.3 +12.0 +12.3 +10.0
\Y - - +10.3 +8.0 +10.3 +8.0 +8.3 +6
VI - - +10.3 +8.0 +10.3 +8.0 +8.3 +6
VI - - +14.3 +12.0 +14.3 +12.0 +12.3 +10.0
VI - - +11.3 +9.0 +11.3 +9.0 +9.3 +7
IX - - +14.3 +12.0 +14.3 +12.0 +12.3 +10.0
XIX - - +11.5+TT +9.0+TT +11.5+T +9.0+TT +9.5+TT +7.5+TT
T
NOTE:  Applicable for dual-mode GSM/UMTS.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

6.1.2 Total Radiated Power (TRP) for UTRA LCR TDD in Speech Mode
with beside the Head Phantom

Editor’ s note: Thistest case isincomplete. The following aspects are either missing or not yet determined:
- The TRP Minimum Performance Requirement for operating bands b, ¢, d of thistest is undefined

- The Test Requirements and related Test Tolerances applicable for operating bands b, c, d of thistest are undefined
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6.1.2.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP=E§(E| RP,(Q; f)+ EIRP,(Q; f) HO

Where Q isthe solid angle describing the direction, f is frequency. 8 and ¢ are the orthogonal polarizations.

EIRP, and El RPq, are the actually transmitted power-levels in corresponding polarizations.

Thus,
T N-1M -1
TRP= 3" > [EIRR (6,9 1)+ EIRR, (6, )sin(6,)
n=0 m=0

In these formulas N and M are the number of sampling intervals for thetaand phi. &, and @,, are the measurement
angles. The sampling intervals are discussed further in Section 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE/MS. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the
radiated power of the UE/MS for a discrete number of field combinationsin the chamber. The average value of
these statistically distributed samplesis proportional to the TRP and by calibrating the average power transfer
function, an absolute value of the TRP can be obtained. Thus,

ol
;F’ref,n

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

TRP =

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to
fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further
discussed in Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be
calculated using the following expression:

u 2
(S
_— m=1
P = M
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.

The reguirements and this test apply to al types of UTRA for the TDD UE for Release 8 and later releases.

6.1.2.2 Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance
requirements for roaming bands shown in Table 6.1.2.2-1. The averaging shall be done in linear scale for the TRP
results of both right and left side of the phantom head.

TRP _ 10|0g 1OPIeft7I0w/lO + 10Hef!7m’d /10 + 1oplef!7high /10 + 10Prigh!7I0\N/lO + 10Prightim|d /10 + 10Prighl7high /10

average 6
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance reguirements shown in the columns “Min”.

TRP,, = mi aneﬁ_m’ Pleft_m'd' Pleft_high' Pright_low' Pright_m'd’ Pright_hith

Table 6.1.2.2-1: TRP minimum performance requirement for UTRA LCR TDD using Head Phantom

Operating | Power Class 1 Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min

a - - +15 +13 - - - -

b - - TBD TBD - - - -

c - - TBD TBD - - - -

d - - TBD TBD - - - -

e - - +15 +13 - - - -

f - - +15 +13 - - - -

Note: Applicable for dual-mode GSM/UTRA LCR TDD.

The normative reference for this clause is TS37.144 section 6.1.1.3.

6.1.2.3 Test purpose

The purpose of thistest isto verify that TRP. and TRP,,, of the UE are not below specified values. A lower

average

TRP. and TRP,,,, decrease the coverage area

average
6.1.2.4 Method of test

6.1.2.4.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) times the
chip rate of the radio access mode, for more information see 3GPP TS 34.122 chapter 5.2. The period of measurement
shall be at least one timeslot. Also, care should be taken that the noise floor of the measurement receiver is not
disturbing the power measurement. Normally, the receiving device should be set accordingly so that the receiving signal
will be at least 30dB higher than the system noise floor.

Test environment: normal; see 3GPP TS34.122-1 [8] clause G.2.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.2-2.

1) Set the SS downlink physical channels parameters. Set the DPCH power such that there will not be transmission
gaps due to too low signal strength throughout the measurement.

2) Power on the UE.

3) A call isset up according to the Generic call setup procedure. The power control agorithm shall be set to Power
Control Algorithm 2.

4) Enter the UE into loopback test mode and start the loopback test.

5) The measurement receiver shall be set to: zero span, video trigger and RM S detector. The RBW shall be at least
(1+ o) times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For
1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.
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6.1.2.4.2 Procedure
1)  Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN 15 data pattern.

3) Position the UE against the SAM phantom.

4) Measurethe EIRP , and EIRP ,with a sample step of 15° in theta ( 6 ) and phi (¢ ) directions using a test system
having characteristics as described in Annex A.

5) Calculate TRP using equations from chapter 6.1.2.1.

NOTE 1: The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in agroup of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta ( ¢ ) and
phi (&) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Section 4.4). All the EIRP samples are taken with two orthogonal polarizations, 6 - and ¢ -
polarizations.

NOTE2: Thenoisefloor of the measurement receiver shall not disturb the power measurement.

NOTE 3:  Non Standard settings: To speed up sensitivity measurements, power measurements may be done with non
standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by

n

Y (EIRPstd, — EIRPnstd, )

i=1

AEIRP =

S

wherei EIRPStdi is power measurement done with standard setting. EIRPNstdi is power measurement done with non
standard modulation. N is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.1.2.4.3 Procedure, reverberation chamber method
1)  Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN 15 data pattern.

3) Position the UE against the SAM phantom

4) Measure asufficient number of independent samples (see section 4.5) of SZl’n’m using atest system having the
characteristics described in Annex A.

5) Calculate TRP using equations from section 6.1.2.1.

NOTE 1l:  The measurement procedure is based on the measurement of the total power radiated from the UE/MSto a
full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The power
transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement antennas.
Moreover, it isimportant that the samples collected are independent, in order to get sufficient accuracy of
the estimated TRP value.

NOTE2: Thenoisefloor of the measurement receiver shall not disturb the power measurement.

6.1.2.5 Test requirements
The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements

for roaming bands shown in Table 6.1.2.5-1. The averaging shall be done in linear scale for the TRP results of both
right and left side of the phantom head.
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TRP ~ 10|Og 1oplef!7I0\N/lO + 10PIeft7mid /10 + 10PIeft7high /10 + 10Pright7IoW /10 + 10Pright7m'd /10 + 10Prigh!7high /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance requirements shown in the columns “Min”.

TRP,, = minlpleft_low' Pleft_m'd ) Pleft_high' P P Pright_hith

right _low? " right _mid ?

Table 6.1.2.5-1: TRP test performance requirement for UTRA LCR TDD using Head Phantom

Operating Power Class 1 Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min
a - - +14.3 +12 - - - -
TBD+
b - - TBD+TT T - - - -
TBD+
c - - TBD+TT T - - - -
TBD+
d - - TBD+TT e - - - -
e - - +14.3 +12 - - - -
f - - +14.3 +12 - - - -
Note: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for
this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum
Requirement has been relaxed by the Test Tolerance isgiven in Annex D.

6.1.3  Total Radiated Power (TRP) for UTRA FDD in Speech Mode with
beside the Head and Hand Phantom

Editor’ s notes: This Subclause isincomplete. The following items are missing or incompl ete:

e TBDsinTable6.1.3.2-1 and 6.1.3.5-1 asthey are not specified in TS 37.144 yet

6.1.3.1 Definition and applicability

The Total Radiated Power (TRP) isa measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :Ej;(E' RP,(Q; f)+ EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRF, and EIRP, are the actualy transmitted power-levelsin corresponding polarizations.

Thus
T N-1M -1 .
TRP= 2> > [EIRR (6. 90: 1)+ EIRR, (6,0, 1)sin(6,)
n=0 m=0

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.
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The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value
of the TRP can be obtained. Thus

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
> Sunm
_ m=1
U
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and
M isthe total number of samples measured for each fixed measurement antenna.
Note that all averaging must be performed using linear power values (e.g. measurements in Watts).

The requirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

6.1.3.2 Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance
requirements for roaming bands shownin Table 6.1.3.2-1. The averaging shall be donein linear scale for the TRP results
of both right and left side of the phantom head.

TRP _ 1O|0g 1OPIeft7Iow/lo + lopleftim'd /10 + 1oplef!7high /10 + 10Prigh!7I0\N/lO + 10Prightimid /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance regquirements shown in the columns “Min”.

P

right_mid * Pright_hith

TRR,, = mi nlpleft_low7 Plefft_m'd' Pleft_high' P

right _low?

Table 6.1.3.2-1: TRP minimum performance requirement for UTRA FDD roaming bands in the speech
mode and the primary mechanical mode

Operating Power Power Power Class 3 Power Class 3bis Power Class 4
band Class 1 Class 2
Power Power Power (dBm) Power (dBm) Power (dBm)
(dBm) (dBm)
Average | Min Average |  Min Average |  Min
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| - - 13.25 TBD TBD TBD TBD TBD
I - - 13.25 TBD TBD TBD TBD TBD
Il - - TBD TBD TBD TBD TBD TBD
\% - - TBD TBD TBD TBD TBD TBD
Vv - - 9.40 TBD TBD TBD TBD TBD
VI - - 9.4 TBD TBD TBD TBD TBD
Vil - - TBD TBD TBD TBD TBD TBD
VIl - - 9.40 TBD TBD TBD TBD TBD
IX - - TBD TBD TBD TBD TBD TBD
XIX - - 9.4 TBD TBD TBD TBD TBD
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for devices narrower than 72mm as defined in TR 25.914.
NOTE 3: Not applicable for devices supporting CDMA or carrier aggregation.

The normative reference for this clause is TS37.144 [12] Subclause 6.1.2.1.

6.1.3.3 Test purpose

The purpose of thistest isto verify that TRP, ... and TRF; of the UE is not below specified values. A lower
TRP, g and TRP, decrease the coverage area.

6.1.3.4 Method of test

6.1.3.4.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see 3GPP TS 34.121-1 [7] Subclause 5.2. The period of
measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is
not disturbing the power measurement.

Test environment: normal; see TS 34.121-1 [7] Subclause G.2.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.1-2.

1) Set the SS downlink physical channels according to settingsin Table 6.1.3.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2) Power on the UE.

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

4) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.1.3.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec/DPCH_Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH _Ec =5dB
SCH SCH_Ec/DPCH Ec =5dB
PICH PICH Ec/DPCH _Ec =2dB
DPCH Test dependent power

6.1.3.4.2 Procedure
1) Send continuously Up power control commands to the UE.

2) Asthe UE reaches maximum power, start sending PN15 data pattern.
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3) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.

4) Measurethe EIRP, and El RPq, with a sample step of 15° in theta (8) and phi (¢) directions using a test system
having characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.3.1.

NOTE 1. The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 8- and ¢ -

polarisations.
NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized

by

AEIRP =

S

> (EIRPstd, — EIRPnstd, )
i=1

where EIRPStd, is power measurement done with standard setting. EIRPNStd; is power measurement done with
non standard modulation. N isamount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.1.3.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.

4) Measure a sufficient number of independent samples (see Subclause 4.5) of SZl,n,m using atest system having
characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.3.1.

NOTE 1: The measurement procedure is based on the measurement of the total power radiated from the UE to a
full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

6.1.3.5 Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements
for roaming bands shown in Table 6.1.3.5-1. The averaging shall be done in linear scale for the TRP results of both right
and left side of the phantom head.

TRP _ 1O|Og 10P|eﬂ_|ow/10 + 10P|en_md /10 + 1OPIeft_h|gh /10 + 10Pr|ght_|0w/lo + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance reguirements shown in the columns “Min”.

TRPmin = minlpleft_low’ I:)Ieft_mid ' Pleft_high’ Pright_low' Pright_mid ’ Pright_hith

Table 6.1.3.5-1: TRP test requirement for UTRA FDD roaming bands in the speech position and the
primary mechanical mode

Operating Power Power Power Class 3 Power Class 3bis Power Class 4
band Class 1 Class 2
Power Power Power (dBm) Power (dBm) Power (dBm)
(dBm) (dBm)
Average Min Average Min Average Min
| - - 12.55 TBD+TT TBD+TT TBD+TT TBD+TT TBD+TT
Il - - 12.55 TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT
11 - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT
[\ - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT
\ - - 8.70 TBD+TT TBD+TT TBD+TT TBD+TT TBD+TT
VI - - 8.70 TBD+TT TBD+TT TBD+TT TBD+TT TBD+TT
VI - - TBD+TT TBD+TT TBD+TT TBD+TT TBD+TT TBD+TT
VIl - - 8.70 TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT
IX - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT
XIX - - 8.70 TBD+TT TBD+TT TBD+TT TBD+TT TBD+TT
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for devices narrower than 72mm as defined in TR 25.914.
NOTE 3: Not applicable for devices supporting CDMA or carrier aggregation.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.
6.1.4 Total Radiated Power (TRP) for UTRA LCR TDD in Speech Mode

Editor’ s notes: This Subclause isincomplete. The following items are missing or incompl ete:

with beside the Head and Hand Phantom

e TBDsinTables6.1.4.2-1and 6.1.4.5-2 asthey are not specified in TS 37.144 yet

6.1.4.1

Definition and applicability

The Total Radiated Power (TRP) isa measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :Ej;(E' RP,(Q; f)+ EIRP,(; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRP, and El RP(/, are the actually transmitted power-levels in corresponding polarizations.

Thus
T N-1M -1 .
TRszZZ[E' RP, (6, @ f)+ EIRP, (8,0 F)]siN(6,)
n=0 m=0

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.
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The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value
of the TRP can be obtained. Thus

ot
Z;Rdm

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

TRP =

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
> Sunm
_ m=1
U
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and
M isthe total number of samples measured for each fixed measurement antenna.
Note that all averaging must be performed using linear power values (e.g. measurements in Watts).

The requirements and this test apply to all types of UTRA for the TDD UE for Release 8 and later releases.

6.1.4.2 Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance
requirements for roaming bands shownin Table 6.1.4.2-1. The averaging shall be donein linear scale for the TRP results
of both right and left side of the phantom head.

TRP _ 1O|Og 1OPIeft7Iow/lO + 10Hef!7m’d /10 + 1oplef!7high /10 + 10Prigh!7I0\N/lO + 10Prightimid /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance regquirements shown in the columns “Min”.

P

right_mid * Pright_hith

TRR,, = mi nlpleft_low’ Pleft_m'd' Pleft_high' P

right _low?
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Table 6.1.4.2-1: TRP minimum performance requirement for UTRA LCR TDD roaming bands in the
speech mode and the primary mechanical mode

Operatin | Power Class 1 Power Class 2 Power Class 3 Power Class 4

g band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min

a j j TBD TBD j j i i

b j j TBD TBD j j i i

c . . TBD TBD . . - -

d _ _ TBD TBD _ _ _ _

e _ _ TBD TBD _ _ _ _

f . . TBD TBD . . _ _

Note: Applicable for dual-mode GSM/UTRA LCR TDD.

The normative reference for this clause is TS37.144 [12] Subclause 6.1.2.2.

6.1.4.3 Test purpose

The purpose of thistest isto verify that TRP, .. and TRR,;,
TRP, g and TRR, decrease the coverage area.

6.1.4.4 Method of test

6.1.4.4.1 Initial conditions

of the UE is not below specified values. A lower

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see 3GPP TS 34.122 [8] Subclause 5.2. The period of
measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is
not disturbing the power measurement. Normally, the receiving device should be set accordingly so that the receiving
signal will be at least 30dB higher than the system noise floor.

Test environment: normal; see 3GPP TS34.122-1 [8] Subclause G.2.1.

Freguenciesto be tested: low range, mid range, high range; see Table 5.2-2.

1) Set the SSdownlink physical channels parameters. Set the DPCH power such that there will not be transmission
gaps due to too low signal strength throughout the measurement.

2) Power on the UE.

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

4) Enter the UE into loopback test mode and start the loopback test.

5) The measurement receiver shall be set to: zero span, video trigger and RM S detector. The RBW shall be at least
(1+ o) times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For
1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

6.1.4.4.2

1) Send continuously Up power control commands to the UE.

Procedure

2) Asthe UE reaches maximum power, start sending PN15 data pattern.
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3) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.

4) Measurethe EIRP , and EIRP ,with a sample step of 15° intheta ( 9 ) and phi (¢ ) directions using a test
system having characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.4.1.

NOTE 1: The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both intheta ( 6)
and phi (¢ ) directions. In some cases a different sampling grid may be used to speed up the
measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 9 -
and ¢ - polarizations.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized

by

AEIRP =

S

> (EIRPstd, — EIRPnstd, )
i=1

wherei EIRPStdi is power measurement done with standard setting. EIRPnstdi is power measurement done with
non standard modulation. N is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.1.4.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.

4) Measure a sufficient number of independent samples (see Subclause 4.5) of SZl’n’m using atest system having
characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.4.1.

NOTE 1. The measurement procedure is based on the measurement of the total power radiated from the UE to a
full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

6.1.4.5 Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements
for roaming bands shown in Table 6.1.4.5-1. The averaging shall be donein linear scale for the TRP results of both right
and left side of the phantom head.

TRP _ 10|Og 10P|eﬂ_|ow/10 + 10P|en_md /10 + 10PIeft_h|gh /10 + 10Pr|ght_|0w/lo + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance reguirements shown in the columns “Min”.

TRR,, = minlpleft_low7 Pleft_mid ) PIeft_high’ P

right _low? Pright_mid ’ Pright_hith

Table 6.1.4.5-1: TRP test requirement for UTRA LCR TDD roaming bands in the speech position and
the primary mechanical mode

Operatin | Power Class 1 Power Class 2 Power Class 3 Power Class 4
g band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min
a ) ) TBD+TT | TBD+ ) ) ) )
TT
b ) ) TBD+TT | TBD+ i i ) )
TT
c ) ) TBD+TT | TBD+ ) ) ) )
T
d ) ) TBD+TT | TBD+ ) ) ) )
T
e ) ) TBD+TT | TBD+ ) ) ) )
TT
f ) ) TBD+TT | TBD+ i i ) )
TT
Note: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

6.1.5 Total Radiated Power (TRP) for E-UTRA FDD in Speech Mode with
beside the Head and Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

- Table 6.1.5.2-1 and 6.1.5.5-1 as they are not specified in TS 37.144 yet

6.1.5.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere;

Prep = iﬁl(axeg(g;f) +P,G, (f)HQ

Using i to denoteeither 6 or ¢, G, (Q; f) isthe ¥ -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. B, isthe transmit power
level of the handset so that P, G, (; f) is the actually transmitted power-level, also known as EIRP, in the i/ -
polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

_1 . .
Fipe = 4ﬂ§(GG(Q,f)+G¢(Q,f)hQ
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In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as

A 1M-1
Y [PuGy (6, 0mi) + PoG, (6,0 )]siN(8,)
0 m=0

MZ

A
P o
TRP 47_[

>
]

Or, by using the relation EIRP=P, G :

A, A N-1M-1
225" [EIRP, (8, 0if) + EIRP, (8,,0,,:F)]sin(6,)
=0m=0

PTRP (f) = ar

In gain form the TRP can be expressed as:

A A
Z 0 (G, (61, @miT) + G, (6, 0miT)]sIN(B, )
TT

)

N-1M-1
IGre =
m

n=0

o

Intheseformulas A, =7 /(N) and A, =27 /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
n=1 Cn (1_ )
N

Z Pref n
n=1

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

TRP ~

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

u 2
(S
_— m=1
VI
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.
Note that all averaging must be performed using linear power values (e.g. measurementsin Watts).

The requirements and this test apply to all types of LTE UEs independent of release.
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6.1.5.2 Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance
requirements for roaming bands shown in Table 6.1.5.2-1. The averaging shall be donein linear scale for the TRP results
of both right and left side of the phantom head.

TRP _ 1O|Og 10P|eﬂ_|ow/10 + 10P|en_md /10 + 10PIeft_h|gh /10 + 10Pr|ght_|0w/lo + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance requirements shown in the columns “Min”.

TRR,, = mi nlpleft_low1 Plert_mid’ Pleft_high’ P

right _low?

P

right_mid ? I:)right_hith

Table 6.1.5.2-1: TRP minimum performance requirement for E-UTRA FDD roaming mode in beside the
head and hand phantom position and the primary mechanical mode

TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.1.2.3.

6.1.5.3 Test purpose

The purpose of thistest isto verify that TRP, ... and TRF; of the UE is not below specified values. A lower
TRP, g and TRR, decrease the coverage area.

6.1.5.4 Method of test

6.1.5.4.1 Initial conditions

A radio communications tester or a corresponding device is used asaNB simulator to setup callsto the DUT. The
NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.

The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1 and A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.3-1.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
2) Power on the UE.

3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-1 for FDD mode.
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6.1.5.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maxi mum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Calculate the TRP using the EIRP pattern data as
per Subclause 6.1.5.1.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.1.5.2.

6.1.5.4.3 Procedure, reverberation chamber method

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.

2) Measure asufficient number of independent samples (see Subclause 4.5) of S,; |, using atest system having
characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.1.5.1.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.1.5.2.

6.1.5.5 Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements
for roaming bands shown in Table 6.1.5.5-1. The averaging shall be done in linear scale for the TRP results of both right
and left side of the phantom head.

TRP _ 10|Og 10P|eﬂ_|ow/10 + 1OPIeft_md /10 + 1OPIeft_h|gh /10 + 10Pr|ght_|0w/lo + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance requirements shown in the columns “Min”.

P P |

right _mid * * right _high

TRR,, = minlpleﬁ_low1 Reﬁ_mid ) Plert_high1 P

right _low?

Table 6.1.5.5-1: TRP test requirement for E-UTRA FDD roaming bands in the speech position and the
primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

6.1.6 Total Radiated Power (TRP) for E-UTRA TDD in Speech Mode with
beside the Head and Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

- Table 6.1.6.2-1 and 6.1.6.5-1 as they are not specified in TS 37.144 yet
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6.1.6.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere:

Prre = i§(PthH (&f)+ Plegp(Q;f))jQ

Using i to denote either 6 or ¢, G, (Q; ) isthe y -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. P, isthe transmit power
level of the handset so that P, G, (Q; f) isthe actually transmitted power-level, also known as EIRP, in the i/ -
polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

1 : .
Lo = HSﬁ(cs(,(g,f) +G,(f)HQ
In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as

A A N '
Prep == 3 3 [PuGy (0,0 1) + PG, (6. 0 1)]sin(0,)
n=0 m=0

Or, by using the relation EIRP=P, G :

ApA, NN .
Y Y [EIRP, (6,,0:f) +EIRP, (6,,0,:1)]sin(8, )

n=0 m=0

Prre (f)=

In gain form the TRP can be expressed as:

(G, (6, 0 1) + G, (6, 0m:F)]siN(G,)

2.2

n=

IGre =

A9A¢> N-1M-1
4r o

o

Intheseformulas A, =7 /(N) and A, =27 /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
) ( Pn ]
~\C. (1-
TRP = ! N"( )

Z Pref n
n=1
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where P | isthe reference power transfer function for fixed measurement antennan, R| isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
> /Sanm
_ m=1
ARV
where S,, |, issample number m of the complex transfer function measured with fixed measurement antenna n and
M isthe total number of samples measured for each fixed measurement antenna.
Note that al averaging must be performed using linear power values (e.g. measurements in Watts).

The requirements and thistest apply to al types of LTE UEsindependent of release.

6.1.6.2 Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance
requirements for roaming bands shownin Table 6.1.6.2-1. The averaging shall be donein linear scale for the TRP results
of both right and left side of the phantom head.

TRP B 10|Og 1OPIeft7I0w/lo + 10P|efLmid /10 + 10PIef!7high /10 + 10Prightilow /10 + 10Prightim|d /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance reguirements shown in the columns “Min”.

TRR,, = minlpleft_low7 Pleft_m'd' Pleft_high' P

right _low? I:)right_n*idi I:)right_hith

Table 6.1.6.2-1: TRP minimum performance requirement for E-UTRA TDD roaming mode in beside the
head and hand phantom position and the primary mechanical mode

TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.1.2.4.

6.1.6.3 Test purpose

The purpose of thistest is to verify that TRP, . ard TRR,; of the UE is not below specified values. A lower
TRP, a0 and TRR, decrease the coverage area.

6.1.6.4 Method of test

6.1.6.4.1 Initial conditions
A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The

NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.
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The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1 and A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.4-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
2) Power on the UE.
3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.4-1 for TDD mode.
6.1.6.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Slots with transient periods are not under test.
The uplink downlink configuration and the special subframe configuration in TDD is set as per Table 8.2.2-1 of
3GPP TS 36.521-1 [11]. Calculate the TRP using the EIRP pattern data as per Subclause 6.1.6.1.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.1.6.2.

6.1.6.4.3 Procedure, reverberation chamber method

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maxi mum power.

2) Measure a sufficient number of independent samples (see Subclause 4.5) of %1,n,m using atest system having
characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.1.6.1.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Cadlculate the average and minimum TRP as per Subclause 6.1.6.2.

6.1.6.5 Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements
for roaming bands shown in Table 6.1.6.5-1. The averaging shall be donein linear scale for the TRP results of both right
and left side of the phantom head.

/10 + 10Prightim|d /10 + 10Prighl7high /10

TRP _ 1O|Og 10PIeft7Iow/lO + 10P|ef[7m'd /10 + 10PIeftihigh /10 + 10Prigh17|ow

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance reguirements shown in the columns “Min”.
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P P |

right _mid * * right _high

TRR,, = minlpleft_low1 Pleft_mid ) PIeft_high’ P

right _low?

Table 6.1.6.5-1: TRP test requirement for E-UTRA TDD roaming bands in the speech position and the
primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

6.1.7  Total Radiated Power (TRP) for UTRA FDD in Browsing Mode with
Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- Minimum requirements are not specified in TS 37.144 yet

- Text for Procedure, reverberation chamber method

6.1.7.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :EﬂEI RP,(Q; f) + EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRP, and El RP(/, are the actually transmitted power-levels in corresponding polarizations.

Thus,
T N-1M -1 .
TRszZZ[E' RP, (6, @ f)+ EIRP, (8,0 F)]siN(6,)
n=0 m=0

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus,
n=1 Cn (1_ )
N

Z Pref n
n=1

where P . isthe reference power transfer function for fixed measurement antennan, R isthe reflection coefficient

TRP ~

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in
Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 62 ETSI TS 137 544 V14.4.0 (2018-01)

M 2
> Sotnn
_ m=1
U
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and
M isthe total number of samples measured for each fixed measurement antenna.
Note that all averaging must be performed using linear power values (e.g. measurements in Watts).

The requirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

6.1.7.2 Minimum Requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than minimum
performance requirements for roaming bands shown in Table 6.1.7.2-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.

TRP _ 10|Og 10P|eﬂ_|ow/10 + 1OPIeft_md /10 + 10PIeft_h|gh /10 + 10Pr|ght_|0w /10 + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10
average — 6

In addition the minimum TRP of each measured channel in hand phantom browsing mode position shall be higher than
minimum performance requirements shown in the columns “Min”.

TRR,, = mi nlpleft_low1 Plert_mid’ Pleft_high’ P

right _low?

P

right_mid ? I:)right_hith

Table 6.1.7.2-1: TRP minimum performance requirement for UTRA FDD roaming bands in hand
phantom browsing mode position

Operating Power Power Power Class 3 Power Class 3bis Power Class 4
band Class 1 Class 2
Power Power Power (dBm) Power (dBm) Power (dBm)
(dBm) (dBm)
Average Min Average Min Average Min
| - - TBD TBD TBD TBD TBD TBD
Il - - TBD TBD TBD TBD TBD TBD
11 - - TBD TBD TBD TBD TBD TBD
v - - TBD TBD TBD TBD TBD TBD
\Y - - TBD TBD TBD TBD TBD TBD
VI - - TBD TBD TBD TBD TBD TBD
\ill - - TBD TBD TBD TBD TBD TBD
Vil - - TBD TBD TBD TBD TBD TBD
IX - - TBD TBD TBD TBD TBD TBD
XIX - - TBD TBD TBD TBD TBD TBD
NOTE:  Applicable for dual-mode GSM/UMTS.

The normative reference for this clause is TS37.144 [12] Subclause 6.1.3.1.

6.1.7.3

The purpose of thistest isto verify that TR
and TRP.

TRP.

average

Test purpose

min

P oo ad TRP,

average min

decrease the coverage area.
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The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see 3GPP TS 34.121-1 [7] Subclause 5.2. The period of
measurement shall be at least one timeslot. Also, care should be taken that the noise floor of the measurement receiver
is not disturbing the power measurement.

Test environment: normal; see TS34.121-1 [7] Subclause G.2.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.1-2.

1) Set the SSdownlink physical channels according to settingsin Table 6.1.7.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2) Power on the UE.

3) A call isset up according to the Generic call setup procedure. The power control agorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

4) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.1.7.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec /DPCH_Ec 7dB
P-CCPCH P-CCPCH_Ec/DPCH_Ec | 5dB
SCH SCH_Ec /DPCH_Ec 5dB
PICH PICH_Ec/DPCH_Ec 2dB
DPCH Test dependent power -
6.1.7.4.2 Procedure

1) Send continuously Up power control commands to the UE.

2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position the UE according to the DUT positioning for browsing mode specified in Subclause 4.3.4.

4) Measurethe EIRP, and El RPq, with a sample step of 15° in theta (8) and phi (¢) directions using a test system
having characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.7.1.

NOTE 1. The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 8- and ¢ -

polarisations.
NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized
by
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AEIRP =

S

Y (EIRPstd, — EIRPnstd, )
i=1

where EIRPStd, is power measurement done with standard setting. EIRPNStd; is power measurement done with
non standard modulation. N isamount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.1.7.4.3 Procedure, reverberation chamber method
TBD
6.1.7.5 Test requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than test
performance requirements for roaming bands shown in Table 6.1.7.5-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.

TRP _ 1O|0g 1OPIeft7Iow/lO + lopleftim'd /10 + 1oplef!7high /10 + 10Prigh!7I0\N/lO + 10Prightimid /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in hand phantom browsing mode position shall be higher than
minimum performance requirements shown in the columns “Min”.

TRR,, = minlpleft_low’ Pleft_mid ) Pleft_high’ P

right _low? Pright_mid ’ Pright_hith

Table 6.1.7.5-1: TRP test requirement for UTRA FDD roaming bands in hand phantom browsing mode

position
Operating Power Power Power Class 3 Power Class 3bis Power Class 4
band Class 1 Class 2
Power Power Power (dBm) Power (dBm) Power (dBm)
(dBm) (dBm)
Average Min Average Min Average Min

I - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT

I - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT TBD+TT

Il - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+4TT

\Y - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT

\Y - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT

Vi - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT

Vil - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT TBD+TT
VIl - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT TBD+TT

IX - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT

XIX - - TBD+TT TBD+TT TBD+TT | TBD+TT | TBD+TT | TBD+TT

NOTE:  Applicable for dual-mode GSM/UMTS.
NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.
6.1.8 Total Radiated Power (TRP) for UTRA LCR TDD in Browsing Mode

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

with Hand Phantom

- Minimum requirements are not specified in TS 37.144 yet
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- Text for Subclause Procedure, reverberation chamber method

6.1.8.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP =E§(E| RP,(Q; f) + EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRF, and EIRP, are the actualy transmitted power-levelsin corresponding polarizations.

Thus,
T N-1M -1 .
TRszZZ[E' RP, (6, @ )+ EIRP, (8,0, F)]siN(6,)
n=0 m=0

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus,
n=1 Cn (1_ )
N

Z Pref n
n=1

where P . isthe reference power transfer function for fixed measurement antennan, R isthe reflection coefficient

TRP =

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
2. S
_ m=1
VI
where S,, |, issample number m of the complex transfer function measured with fixed measurement antenna n and
M isthe total number of samples measured for each fixed measurement antenna.

Note that al averaging must be performed using linear power values (e.g. measurements in Watts).

The requirements and this test apply to all types of UTRA for the TDD UE for Release 8 and later releases.

6.1.8.2 Minimum Requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than minimum
performance requirements for roaming bands shown in Table 6.1.8.2-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.
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TRP _ 10|0g 1OPIeft7Iow/lO + lopleftim'd /10 + 1oplef!7high /10 + 10Prigh!7I0\N/lO + 10Prightimid /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in hand phantom browsing mode position shall be higher than
minimum performance requirements shown in the columns “Min”.
TRR,, = mi nlpleft_low’ Pleft_m'd' Pleft_high' P

right _low?

P

right_mid * Pright_hith

Table 6.1.8.2-1: TRP minimum performance requirement for UTRA LCR TDD roaming bands in hand
phantom browsing mode position

Operating | Power Class 1 Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min

a - - TBD TBD - - . -

b _ _ TBD TBD _ _ _ _

c _ _ TBD TBD _ _ _ _

d _ _ TBD TBD _ _ _ _

e i i TBD TBD i i j i

f - - TBD TBD - - . -

Note: Applicable for dual-mode GSM/UTRA LCR TDD.

The normative reference for this clause is TS37.144 [12] Subclause 6.1.3.2.

6.1.8.3 Test purpose

The purpose of thistest isto verify that TRP, .. ard TRR,; of the UE is not below specified values. A lower
TRP, e and TRR, decrease the coverage area.

6.1.8.4 Method of test

6.1.8.4.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see 3GPP TS 34.122 [8] Subclause 5.2. The period of
measurement shall be at least one timeslot. Also, care should be taken that the noise floor of the measurement receiver
is not disturbing the power measurement. Normally, the receiving device should be set accordingly so that the receiving
signal will be at least 30dB higher than the system noise floor.

Test environment: normal; see 3GPP TS34.122-1 [8] Subclause G.2.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.2-2.

1) Set the SS downlink physical channels parameters. Set the DPCH power such that there will not be transmission
gaps due to too low signal strength throughout the measurement.

2) Power on the UE.

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

4) Enter the UE into loopback test mode and start the loopback test.
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5) The measurement receiver shall be set to: zero span, video trigger and RM S detector. The RBW shall be at least
(1+ o) times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For
1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

6.1.8.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position the UE according to the DUT positioning for browsing mode specified in Subclause 4.3.4.

4) Measure the EIRP , and EIRP ,with a sample step of 15° intheta (6 ) and phi (¢ ) directions using a test
system having characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.1.8.1.

NOTE 1: The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta ( 0 )
and phi (¢ ) directions. In some cases a different sampling grid may be used to speed up the
measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 9 -
and ¢ - polarizations.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized
by

AEIRP =

S

Y (EIRPstd, — EIRPnstd, )
i=1

wherei EIRPStdi is power measurement done with standard setting. EIRPnstd i is power measurement done with non
standard modulation. N isamount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at |east 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.1.8.4.3 Procedure, reverberation chamber method

TBD

6.1.8.5 Test requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than test
performance requirements for roaming bands shown in Table 6.1.8.5-1. The averaging shall be done in linear scale for
the TRP results of both right and left side hand phantom measurements.

10P|eﬂ_|ow/10 + 1OPIeft_md /10 + 1OPIeft_h|gh /10 + 10Pr|ght_|0w/lo + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

TRP, =10log 5

average

In addition the minimum TRP of each measured channel in hand phantom browsing mode position shall be higher than
minimum performance requirements shown in the columns “Min”.

TRR,, = minlpleft_low1 Reft_mid R

left _high ?

P

right _low?

P P |

right _mid 7 * right _high
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Table 6.1.8.5-1: TRP test requirement for UTRA LCR TDD roaming bands in hand phantom browsing
mode position

Operating | Power Class 1 Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min
a ) ) TBD+TT | TBD+ ) ) ) )
1T
b ) ) TBD+TT | TBD+ ) ) ) )
1T
c ) ) TBD+TT | TBD+ ) ) ) )
1T
d ) ) TBD+TT | TBD+ i i ) i
1T
e ) ) TBD+TT | TBD+ ) ) ) )
1T
f ) ) TBD+TT | TBD+ ) ) ) )
1T
Note: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

6.1.9  Total Radiated Power (TRP) for E-UTRA FDD in Browsing Mode
with Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- Minimum requirements are not specified in TS 37.144 yet
- Text for Subclause Procedure, reverberation chamber method

- Test requirements are to be determined

6.1.9.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere:

Prop = iﬂptxeg(g;f) +P,G,(@)HQ

Using i to denote either 6 or ¢, G, (Q; ) isthe y -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. P, isthe transmit power
level of the handset so that P, G, (Q; f) isthe actually transmitted power-level, also known as EIRP, in the i/ -
polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

_1 . .
Fipe = 4ﬂ§(GG(Q,f)+G¢(Q,f)bQ

In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as
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A 1M-1
Y [PuGy (6, 0mi) + PoG, (6,0 )]siN(8,)
0 m=0

MZ

A
P i
TRP Ax

>
]

Or, by using the relation EIRP=P, G :

A, A N-1M-1
225" [EIRP, (8, 0if) + EIRP, (8,,0,,:F)]sin(6,)
=0m=0

PTRP (f) = ar

In gain form the TRP can be expressed as:

A A N-1M-1
an Y G, (60, 0miT) + G, (6, 0 P)]siN(6,)

n=0 m=

IGre =

o

Intheseformulas A, =7 /(N) and A, =2z /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The requirements and this test apply to al types of LTE UEsindependent of release.

6.1.9.2 Minimum Requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than minimum
performance regquirements for roaming bands shown in Table 6.1.9.2-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.

TRP _ 1O|Og 1OPIeft7I0w/lO + 10PIef!7m'd /10 + 1OPIef!7high /10 + 10Prightilow /10 + 10Prightim|d /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in hand phantom browsing mode position shall be higher than
minimum performance requirements shown in the columns “Min”.

TRR,, = mi nlpleft_low7 Pleft_m'd' Pleft_high' P

right _low? I:)right_n*idi I:)right_hith

Table 6.1.9.2-1: TRP minimum performance requirement for E-UTRA FDD roaming bands in hand
phantom browsing mode position

TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.1.3.3.

6.1.9.3 Test purpose

The purpose of thistest isto verify that TRP, ... and TRF; of the UE is not below specified values. A lower
TRP, e and TRR, decrease the coverage area.

6.1.9.4 Method of test

6.1.9.4.1 Initial conditions
A radio communications tester or a corresponding device is used asaNB simulator to setup callsto the DUT. The

NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.
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The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.2.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.

Freguenciesto be tested: low range, mid range, high range; see Table 5.3-1.

Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for hand phantom browsing mode specified in Subclause
4.34.

2) Power on the UE.

3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-1 for FDD mode.

6.1.9.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Calculate the TRP using the EIRP pattern data as
per Subclause 6.1.9.1.

3) Repeat the measurement of the DUT using the left and right hand phantom for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.1.9.2.

6.1.9.4.3 Procedure, reverberation chamber method
TBD

6.1.9.5 Test requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than test
performance requirements for roaming bands shown in Table 6.1.9.5-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.

TRP B 1O|Og 10P|eﬂ_|ow/10 + 10P|en_md /10 + 10PIeft_h|gh /10 + 10Pr|ght_|0w /10 + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6

In addition the minimum TRP of each measured channel in hand phantom browsing mode position shall be higher than
minimum performance requirements shown in the columns “Min”.

P P |

right _mid * * right _high

TRR,, = minlpleﬁ_low1 Reft_mid ) PIefft_high’ P

right _low?

Table 6.1.9.5-1: TRP test requirement for E-UTRA FDD roaming bands in hand phantom browsing
mode position

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.
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6.1.10 Total Radiated Power (TRP) for E-UTRA TDD in Browsing Mode
with Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- Minimum requirements are not specified in TS 37.144 yet
- Text for Subclause Procedure, reverberation chamber method

- Test requirements are to be determined

6.1.10.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere;

1
PTRP=E§( Gy (Qf)+P,G ¢(Qf))jg

Using i to denoteeither 6 or ¢, G, (Q; f) isthe ¥ -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. P, isthe transmit power
level of the handset so that P, G, (; f) is the actually transmitted power-level, also known as EIRP, in the i/ -
polarization and in the direction  for frequency f .

The above eguation may be written in "gain" form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx -
1 . .
. =E§(GH(Q,f)+G¢(Q,f))jQ

In practice discrete samples of P, G, (©;f) are measured and used to approximate the integral so that the TRP is
computed as

N-1M-
Prop = 1 Puif) + Py, (6, 0,:1)]sIN(G, )
Or, by using therelation EIRP=P,G:
AgA, NLw-1
Prep (1) = =33 3 [EIRP, (6,,0,11) + EIRP, (6,0 :)Jsin(6),)
T n=0 m=0

In gain form the TRP can be expressed as:

Z

A A, N=Lw-L .
Trae = =52 2.[6y(0,.0011) + G, (0,9 1)]siN(0, )
n=0 m=0

]
o

Inthese formulas A, =7 /(N) and A, =27 /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe 6 - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The requirements and this test apply to all types of LTE UEs independent of release.
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6.1.10.2 Minimum Requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than minimum
performance requirements for roaming bands shown in Table 6.1.10.2-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.

TRP B 1O|Og 10P|eﬂ_|ow/10 + 10P|en_md /10 + 10PIeft_h|gh /10 + 10Pr|ght_|0w /10 + 10Pr|ght_m|d /10 + 10Pr|ght_h|gh /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance requirements shown in the columns “Min”.

TRR,, = mi nlpleft_low1 Plert_mid’ Pleft_high’ P

right _low?

P

right_mid ? I:)right_hith

Table 6.1.10.2-1: TRP minimum performance requirement for E-UTRA TDD roaming bands in hand
phantom browsing mode position

TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.1.3.4.
6.1.10.3 Test purpose
The purpose of thistest isto verify that TRP and TRP

average min
TRP. and TRP.

average min

of the UE is not below specified values. A lower

decrease the coverage area.

6.1.10.4 Method of test

6.1.10.4.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The
NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.

The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.2.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.

Frequenciesto be tested: low range, mid range, high range; see Table 5.4-2.

Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for hand phantom browsing mode specified in Subclause
4.34.

2) Power on the UE.

3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.4-1 for TDD mode.

6.1.10.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.
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2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Slots with transient periods are not under test.
The uplink downlink configuration and the specia subframe configurationin TDD are set as per Table 8.2.2-1 of
3GPP TS 36.521-1 [11]. Calculate the TRP using the EIRP pattern data as per Subclause 6.1.10.1.

3) Repeat the measurement of the DUT using the left and right hand phantom for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.1.10.2.

6.1.10.4.3 Procedure, reverberation chamber method
TBD

6.1.10.5 Test requirements

The average TRP of low, mid and high channel in hand phantom browsing mode position shall be higher than test
performance requirements for roaming bands shown in Table 6.1.10.5-1. The averaging shall be done in linear scale for
the TRP results of both right and left hand phantom measurements.

TRP _ 1O|og 1OPIeft7Iow/lO + 10PIef!7m'd /10 + 1OPIef!7high /10 + 10Prightilow /10 + 10Prightimid /10 + 10Prighl7high /10

average 6

In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum
performance reguirements shown in the columns “Min”.

TRPmin = minlpleft_lcrw’ I:)Ieft_mid ' Pleft_high’ I:)right_low' I:)right_mid ’ I:)right_hith

Table 6.1.10.5-1: TRP test requirement for E-UTRA TDD roaming bands in hand phantom browsing
mode position

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

6.2 Performance for LME

6.2.1  Total Radiated Power (TRP) for UTRA FDD LME

Editor’s note: Thistest case isincomplete. The following aspects are either missing or not yet determined:
- The TRP Minimum Performance Requirement for this test is undefined

- The Test Requirements and related Test Tolerances applicable for this test are undefined

6.2.1.1 Definition and applicability

The Total Radiated Power (TRP) isa measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :EﬂEI RP,(Q; f)+ EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRP, and El RP(/, are the actually transmitted power-levels in corresponding polarizations.
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Thus

N-1M -1

TRP = ﬁz S [EIRR,(6,,0,,; ) + EIRP, (6,0, F)]sin(6,)

n=0 m=0

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Section 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LME. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the LME for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
n=1 Cn (1_ )
N

Z Pref n
n=1

where P  isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

TRP ~

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
2. S
_ m=1
ARV
where S,, |, issample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.

The requirements and this test apply to all types of UTRA for the FDD UE for Release 11 and later releases that support
LME.

NOTE: Thistest case can be optionally executed for Release 7 and onward UE’ s supporting LME feature.

6.2.1.2 Minimum Requirements

The average TRP of low, mid and high channel shall be higher than minimum performance requirements for roaming
bands shown in Table 6.1.2.2-1. The averaging shall be donein linear scale for the TRP results.

Row /10 Pria /10 Rgh /10
TRP.._ =10log 0™ +10™™ +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRR,,, =10l0g|min(10%/* 1071 107/ |

Table 6.1.2.2-1: TRP minimum performance requirement for UTRA FDD using LME

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 3bis Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm) Power (dBm)
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Average Min Average Min Average Min

[ - - TBD TBD TBD TBD TBD TBD

1 - - TBD TBD TBD TBD TBD TBD

1l - - TBD TBD TBD TBD TBD TBD
[\ - - TBD TBD TBD TBD TBD TBD
V - - TBD TBD TBD TBD TBD TBD
VI - - TBD TBD TBD TBD TBD TBD
VI - - TBD TBD TBD TBD TBD TBD
VI - - TBD TBD TBD TBD TBD TBD
IX - - TBD TBD TBD TBD TBD TBD
XIX - TBD TBD TBD TBD TBD TBD

NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for USB plug-in devices.

The normative reference for this clause is TS37.144 [12] Subclause 6.2.2.

6.2.1.3 Test purpose

The purpose of thistest isto verify that TRP, ... ard TRR,; of the UE is not below specified values. A lower
TRP, a0 and TRR, decrease the coverage area.

6.2.1.4 Method of test

6.2.1.4.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see TS 34.121-1 [7] clause 5.2. The period of measurement
shall be at least one timeslot. Also, care should be taken that the noise floor of the measurement receiver is not
disturbing the power measurement.

Test environment: normal; see TS 34.121-1 [7] clause G.2.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.1-2.

1) Set the SS downlink physical channels according to settingsin Table 6.2.1.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2) Connect the plug-in UE to alaptop ground plane phantom. Power on the plug-in UE. The real functional laptop
supplies power to the plug-in UE.

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

4) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.2.1.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec/DPCH_Ec 7 dB
P-CCPCH P-CCPCH_Ec / DPCH_Ec 5dB
SCH SCH_Ec/DPCH Ec 5dB
PICH PICH_Ec/DPCH _Ec 2dB
DPCH Test dependent power -

6.2.1.4.2 Procedure

1) Send continuously Up power control commands to the plug-in UE.
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2) Asthe plug-in UE reaches maximum power, start sending PN15 data pattern.

3) Position the plug-in UE into the USB connector in accordance with the manufacturer recommended primary
mechanical mode. In the absence of such a recommendation position the plug-in UE so that it is horizontally
plugged into the horizontal USB connector.

4) Measurethe EIRP, and El RPw with a sample step of 15° in theta (6) and phi (¢) directions using a test system
having characteristics as described in Annex A.

5) Calculate TRP using equations from clause 6.2.1.2.

NOTE 1: The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Section 4.4). All the EIRP samples are taken with two orthogonal polarizations, - and ¢ -

polarisations.
NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized
by

n

> (EIRPstd, — EIRPnstd, )

i=1

AEIRP =

S

where EIRPStd, is power measurement done with standard setting. EIRPNStd; is power measurement done with
non standard modulation. N isamount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.2.1.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the plug-in UE.
2) Asthe plug-in UE reaches maximum power, start sending PN15 data pattern.

3) Position the plug-in UE into the USB connector in accordance with the manufacturer recommended primary
mechanical mode. In the absence of such a recommendation position the plug-in UE so that it is horizontally
plugged into the horizontal USB connector.

4) Measure a sufficient number of independent samples (see section 4.5) of %l,n,m using atest system having
characteristics as described in Annex A.

5) Calculate TRP using equations from clause 6.2.1.2.

NOTE 1: The measurement procedure is based on the measurement of the total power radiated from the UE/MSto
afull 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

6.2.1.5 Test requirements

The average TRP of low, mid and high channel shall be higher than test performance requirements for roaming bands
shown in Table 6.2.1.5-1. The averaging shall be donein linear scale for the TRP.
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Row/10 Priq /10 Rrigh /10
TRP ~10log 10 +10 +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRF)min =10 og[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J

Table 6.2.1.5-1: TRP test requirement for UTRA FDD using LME

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 3bis Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm) Power (dBm)

Average Min Average Min Average Min
I - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
I - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
1 - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
v - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
\Y - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
\ - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
Vil - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
VI - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
IX - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT
XIX - - TBD +TT TBD TBD +TT TBD TBD +TT TBD
+TT +TT +TT

NOTE 1: Applicable for dual-mode GSM/UMTS.

NOTE 2: Applicable for USB plug-in devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

6.2.2 Total Radiated Power (TRP) for UTRA LCR TDD LME

Editor’ s note: Thistest caseisincomplete. The following aspects are either missing or not yet determined:
- The TRP Minimum Performance Requirement for this test is undefined

- The Test Requirements and related Test Tolerances applicable for this test are undefined

6.2.2.1 Definition and applicability

The Total Radiated Power (TRP) isa measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :EﬂEI RP,(Q; f)+ EIRP,(Q; f) HO

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRP, and El RP(/, are the actually transmitted power-levels in corresponding polarizations.

Thus
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N-1M -1
TRP =2 S EIRR (6,0 1) + EIRR, (6,0, 1) sin(6,)

n=0 m=0

Intheseformulas N and M are the number of sampling intervals for thetaand phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Section 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LME. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the
radiated power of the LME for a discrete number of field combinationsin the chamber. The average value of these

statistically distributed samplesis proportional to the TRP and by calibrating the average power transfer function,
an absolute value of the TRP can be obtained. Thus

N Pn
E(Cn (1_ )]
TRP =
Z I:)ref,n
n=1

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to
fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further
discussed in Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be
calculated using the following expression:

M 2
PIC
— m=1
VI
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.

The requirements and this test apply to al types of UTRA for the TDD UE for Release 11 and later releases that support
LME.

NOTE: Thistest case can be optionally executed for Release 8 and onward UE’ s supporting LME feature.

6.2.2.2 Minimum Requirements

The average TRP of low, mid and high channel shall be higher than minimum performance requirements for roaming
bands shown in Table 6.2.2.2-1. The averaging shall be done in linear scale for the TRP results.

Row /10 Pria /10 Rgh /10
TRP. . ~10l0g 10"/ 110 +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRR,,, =10l0g|min(10%/* 10% 1 107/ |

Table 6.2.2.2-1: TRP minimum performance requirement for UTRA LCR TDD using LME

Operating | Power Class 1 Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average | Min Average | Min | Average | Min
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a - - TBD TBD - - - -
b - - TBD TBD - - - -
c - - TBD TBD - - - -
d - - TBD TBD - - - -
e - - TBD TBD - - - -
f - - TBD TBD - - - -

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for USB plug-in devices.

The normative reference for this clause is TS37.144 [12] Subclause 6.2.3.

6.2.2.3 Test purpose

The purpose of thistest isto verify that TRP, ... and TRR;,
TRP. and TRP

average min

of the UE is not below specified values. A lower

decrease the coverage area.

6.2.2.4 Method of test

6.2.24.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see TS 34.122 [8] clause 5.2. The period of measurement shall
be at least one timeslot. Also, care should be taken that the noise floor of the measurement receiver is not disturbing the
power measurement. Normally, the receiving device should be set accordingly so that the receiving signal will be at
least 30 dB higher than the system noise floor.

Test environment; normal; see TS 34.122 [8] clause G.2.1.
Frequenciesto be tested: low range, mid range, high range; see TS 34.122 [8] clause G.2.4.

1)  Setthe SSdownlink physical channels according to settings in Table 6.2.2.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2)  Connect the plug-in UE to alaptop ground plane phantom. Power on the plug-in UE. The real functional laptop
supplies power to the plug-in UE.

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

4) Enter the UE into loopback test mode and start the loopback test.

5)  The measurement receiver shall be set to: zero span, video trigger and RM S detector. The RBW shall be at |east
(1+ o) times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For
1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.2.2.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75 dBm -

DwPCH DwPCH_Ec/ lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3 dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH SPICH_Ec/ lor -6 dB
FPACH FPACH Ec/ lor -6 dB
DL DPCH SDPCH_Ec/ lor 0dB
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6.2.2.4.2 Procedure

1)
2)
3)

4)

5)

Send continuously Up power control commands to the plug-in UE.
Asthe plug-in UE reaches maximum power, start sending PN15 data pattern.

Position the plug-in UE into the USB connector in accordance with the manufacturer recommended primary
mechanical mode. In the absence of such arecommendation position the plug-in UE so that it is horizontally
plugged into the horizontal USB connector.

Measure the EIRP, and El RPq, with a sample step of 15° in theta (8) and phi (¢) directions using a test system
having characteristics as described in Annex A.

Calculate TRP using equations from clause 6.2.2.2.

NOTE 1: The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.

The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Section 4.4). All the EIRP samples are taken with two orthogonal polarizations, - and ¢ -

polarisations.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with

non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized
by

n

Y (EIRPstd, — EIRPnstd, )

i=1

AEIRP =

S

where EIRPStd; is power measurement done with standard setting. EIRPNSstd; is power measurement done with
non standard modulation. N is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.2.2.4.3 Procedure, reverberation chamber method

1)
2)
3)

4)

5)

Send continuously Up power control commands to the plug-in UE.
Asthe plug-in UE reaches maximum power, start sending PN15 data pattern.

Position the plug-in UE into the USB connector in accordance with the manufacturer recommended primary
mechanical mode. In the absence of such arecommendation position the plug-in UE so that it is horizontally
plugged into the horizontal USB connector.

M easure a sufficient number of independent samples (see section 4.5) of SZLn’m using atest system having
characteristics as described in Annex A.

Calculate TRP using equations from clause 6.2.2.2.

NOTE 1: The measurement procedure is based on the measurement of the total power radiated from the UE/MS to

afull 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.
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6.2.2.5 Test requirements

The average TRP of low, mid and high channel shall be higher than test performance requirements for roaming bands
shown in Table 6.2.2.5-1. The averaging shall be donein linear scale for the TRP.

Row /10 Pria /10 Rygh /10
TRP.._ =10log 0™ +10™™ +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRR,,, =10log|min{L0%" 107/ 10%+"° |

Table 6.2.2.5-1: TRP test requirement for UTRA LCR TDD using LME

Operating | Power Class 1 Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average Min Average Min
TBD +
a - - TBD +TT T - - - -
TBD +
b - - | TBD+TT e - - - -
TBD +
c - - TBD +TT T - - - -
TBD +
d - - TBD + TT T - - - -
TBD +
e - - | TBD+TT e - - - -
TBD +
f - - TBD +TT T - - - -
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for USB plug-in devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

6.2.3 Total Radiated Power (TRP) for E-UTRA FDD LME

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- The requirements are not defined in RAN4 yet

- Applicability

- Procedure, reverberation chamber method to be determined

- Test requirements are to be determined

6.2.3.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere:

Prop = iﬂptxeg(g;f) +P,G, (@) HO
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Using i to denoteeither 6 or ¢, G, (Q; f) isthe ¥ -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. P, isthe transmit power
level of the handset so that P,G,, (Q; f) isthe actually transmitted power-level, also known as EIRP, in the ¥ -

Xy
polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

1 : .
Lige = EﬁGg(Q,f) +G¢(Q,f))j§2
In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as

A A N '
Prep == 3 3 [PuGy (0,0 1) + PG, (6. 01 1)]sin(0,)
n=0 m=0

Or, by using therelation EIRP=P, G :

A A, NN
Prep (1) = =1 Y Y [EIRP, (6,,0:f) +EIRP, (6,,0,:1)]sin(8, )
=0m=0

In gain form the TRP can be expressed as:

IGre =

AeAw N-1M-1 .
0% 3160 (6, 00if) Gy (6, 03 Jsin(E)

n=0 m=

o

Intheseformulas A, =7 /(N) and A, =27 /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe 6 - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

[Applicability is TBD]

6.2.3.2 Minimum Requirements

The average TRP of low, mid and high channel shall be higher than minimum performance requirements for roaming
bands shown in Table 6.2.3.2-1. The averaging shall be done in linear scale for the TRP results.

Row /10 Pria /10 Rygh /10
TRP.._ ~10l0g 1070 11070 110

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRP,,, =10log|minf107/* 10%"° 10%+ " |

Table 6.2.3.2-1: TRP minimum performance requirement for E-UTRA FDD using LME
TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.2.3.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 83 ETSI TS 137 544 V14.4.0 (2018-01)

6.2.3.3 Test purpose

The purpose of thistest is to verify that TRP, . ard TRR,; of the UE is not below specified values. A lower
TRP, age @d TRR, decrease the coverage area.

6.2.3.4 Method of test

6.2.34.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The
NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.

The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also, care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.3. Parameters required for laptop ground plane
phantom are specified in Annex A.2.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.

Frequenciesto be tested: low range, mid range, high range; see Table 5.3-1.

Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning on laptop ground plane phantom specified in Subclause 4.3.2.
2) Power on the UE.

3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-1 for FDD mode.

6.2.3.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Calculate the TRP using the EIRP pattern data as
per Subclause 6.2.3.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.2.3.2.

6.2.3.4.3 Procedure, reverberation chamber method

TBD

6.2.3.5 Test requirements

The average TRP of low, mid and high channel shall be higher than test performance requirements for roaming bands
shown in Table 6.2.3.5-1. The averaging shall be donein linear scale for the TRP.
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Row/10 Pria /10 Righ /10
TRP —10log 10 +10 +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRF)min — 10log[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J

Table 6.2.3.5-1: TRP test requirement for E-UTRA FDD using LME

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

6.2.4 Total Radiated Power (TRP) for E-UTRA TDD LME

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- The requirements are not defined in RAN4 yet

- Applicability

- Procedure, reverberation chamber method to be determined

- Test requirements are to be determined

6.24.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere:

P = iﬁl(axc;g(g;f) +P,G, (f)HQ

Using i to denote either 6 or ¢, G, (Q; ) isthe y -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. P, isthe transmit power
level of the handset so that P,G,, (Q; f) isthe actually transmitted power-level, also known as EIRP, in the ¥ -

Xy
polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

1 : .
Lige = EﬁGg(Q,f) +G¢(Q,f))j§2
In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as

A A, N '
Prrp == 3 3 [PuGy (0,0 1) + PG, (6. 0 1)]sin(0,)
n=0 m=0

Or, by using therelation EIRP=P, G :
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Pree () = [EIRP, (8,.0,,:f) + EIRP, (6,.0,:f)]sin(8,)

22

AHA N-1M-1
4z n=0m

=0

In gain form the TRP can be expressed as.

z

Aé’Aw 1M1 .
Trap = =53 (6o (6, 00i1) + G, (6,901 1)]sin(@,)

7T h=0m=0

]
o

Inthese formulas A, =7 /(N) and A, =27 /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe 6 - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

[Applicability is TBD]

6.2.4.2 Minimum Requirements

The average TRP of low, mid and high channel shall be higher than minimum performance requirements for roaming
bands shown in Table 6.2.4.2-1. The averaging shall be done in linear scale for the TRP results.

Row /10 Pria /10 Rgh /10
TRP.._ =10log 0™ +10™™ +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRR,,, =10l0g|min(10%/* 10% " 107/ |

Table 6.2.4.2-1: TRP minimum performance requirement for E-UTRA TDD using LME
TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.2.4.

6.2.4.3 Test purpose

The purpose of thistest isto verify that TRP, ... and TRF; of the UE is not below specified values. A lower
TRP, e and TRR, decrease the coverage area.

6.2.4.4 Method of test

6.2.4.4.1 Initial conditions

A radio communications tester or a corresponding device is used asaNB simulator to setup callsto the DUT. The
NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.

The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also, care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
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Phantom Specifications shall be the same as described in Subclause A.2.3. Parameters required for laptop ground plane
phantom are specified in Annex A.2.3.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.4-1.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning on laptop ground plane phantom specified in Subclause 4.3.2.
2) Power on the UE.
3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.4-1 for TDD mode.
6.2.4.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maxi mum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Slots with transient periods are not under test.
The uplink downlink configuration and the specia subframe configurationin TDD are set as per Table 8.2.2-1 of
3GPP TS 36.521-1 [11]. Calculate the TRP using the EIRP pattern data as per Subclause 6.2.4.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.2.4.2.

6.2.4.4.3 Procedure, reverberation chamber method

TBD

6.2.4.5 Test requirements

The average TRP of low, mid and high channel shall be higher than test performance requirements for roaming bands
shown in Table 6.2.4.5-1. The averaging shall be donein linear scale for the TRP.

Row/10 Priq /10 Riign/10
TRP ~10log 10 +10 +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRF)min — 10log[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J

Table 6.2.4.5-1: TRP test requirement for E-UTRA TDD using LME
TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.
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6.3 Performance for LEE

6.3.1 Total Radiated Power (TRP) for UTRA FDD LEE

Editor’ s notes: This Subclause isincomplete. The following items are missing or incompl ete:

e TBDsinTables6.3.1.2-1 and 6.3.1.5-2 asthey are not specified in TS 37.144 yet

6.3.1.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP :EﬂEI RP,(Q; f) + EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRP, and El RP(/, are the actually transmitted power-levels in corresponding polarizations.

Thus
T N-1M -1 .
TRszZZ[E' RP, (6, @ f)+ EIRP, (6,0 F)]siN(6,)
n=0 m=0

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LEE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the LEE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
n=1 Cn (1_ )
N

Z Pref n
n=1

where P | isthe reference power transfer function for fixed measurement antennan, R| isthe reflection coefficient

TRP ~

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
2. S
_ m=1
ARV
where S,, |, issample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.

Note that al averaging must be performed using linear power values (e.g. measurements in Watts).
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The requirements and this test apply to al types of UTRA for the FDD UE for Release 11 and later releases that support
LEE.

NOTE: Thistest case can be optionally executed for Release 7 and onward UE’ s supporting LEE feature.

6.3.1.2 Minimum Requirements

The average TRP of low, mid and high channel of the LEE in the data transfers position shall be higher than minimum
performance requirements for roaming bands shown in Table 6.3.1.2-1 for notebook devices and in 6.3.1.2-2 for tablet
devices. The averaging shall be donein linear scale for the TRP results.

Plow /10 Prig /10 Pign /10

average 3

In addition the minimum TRP of each measured channel in the data transfers position shall be higher than minimum
performance reguirements shown in the columns “Min”.

TRP,in = Min|Roy, Pria s Pign |

low? " mid ?

Table 6.3.1.2-1: TRP minimum performance requirement for UTRA FDD notebook devices in the data
transfers position

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 3bis Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average Min Average Min Average Min
I - - 19.0 17.5 TBD TBD TBD TBD
1 - - TBD TBD TBD TBD TBD TBD
1l - - TBD TBD TBD TBD TBD TBD
[\ - - TBD TBD TBD TBD TBD TBD
V - - TBD TBD TBD TBD TBD TBD
Vi - - 18.5 16.5 TBD TBD TBD TBD
Vil - - TBD TBD TBD TBD TBD TBD
VIl - - 18.5 16.5 TBD TBD TBD TBD
IX - - TBD TBD TBD TBD TBD TBD
XIX - - 18.5 16.5 TBD TBD TBD TBD
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for notebook devices.

NOTE: TRP minimum performance requirementsin Table 6.3.1.2-1 apply to HSPA and LTE UEs supporting only
single carrier operation. Their applicability to multi-carrier operation is FFS. Thisis because it has not
been verified whether the UEs measured to derive the requirements supported carrier aggregation or not.

Table 6.3.1.2-2: TRP minimum performance requirement for UTRA FDD tablet devices in the data
transfers position

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 3bis Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average Min Average Min Average Min
I - - 19.0 17.5 TBD TBD TBD TBD
Il - - TBD TBD TBD TBD TBD TBD
1] - - TBD TBD TBD TBD TBD TBD
\Y - - TBD TBD TBD TBD TBD TBD
\Y - - 17.0 15.0 TBD TBD TBD TBD
VI - - TBD TBD TBD TBD TBD TBD
\ll - - TBD TBD TBD TBD TBD TBD
VI - - TBD TBD TBD TBD TBD TBD
IX - - TBD TBD TBD TBD TBD TBD
XIX - - 17.0 15.0 TBD TBD TBD TBD
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for tablet devices with two antennas.
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The normative reference for this clause is TS37.144 [12] Subclause 6.3.2.

6.3.1.3 Test purpose

The purpose of thistest isto verify that TRP, ... ad TRF; of the UE is not below specified values. A lower

TRP, a0 and TRR, decrease the coverage area.
6.3.1.4 Method of test

6.3.14.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see 3GPP TS 34.121-1 [7] Subclause 5.2. The period of
measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is
not disturbing the power measurement.

The LEE shall be tested according to DUT positioning described in Subclause 4.3.5.
Test environment: normal; see TS34.121-1 [7] Subclause G.2.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.1-2.

1) Set the SSdownlink physical channels according to settingsin Table 6.3.1.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2) Power on the UE.

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

4) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.3.1.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec /DPCH_Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH_Ec =5dB
SCH SCH_Ec/DPCH_Ec =5dB
PICH PICH_Ec/DPCH_Ec =2dB
DPCH Test dependent power

6.3.1.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position and configure the LEE according to Subclause 4.3.5.

4) Measurethe EIRP, and El RPw with a sample step of 15° in theta (6) and phi (¢) directions using a test system
having characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.3.1.2.
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NOTE 1: The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of pointslocated on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 8- and ¢ -

polarisations.
NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be nhormalized

by

AEIRP =

S|

Y (EIRPstd, — EIRPnstd, )
i=1

where EIRPStd; is power measurement done with standard setting. EIRPNSstd; is power measurement done with
non standard modulation. N is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.3.1.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Position and configure the LEE according to Subclause 4.3.5.

4) Measure a sufficient number of independent samples (see Subclause 4.5) of SZl’n’m using atest system having
characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.3.1.1.

NOTE 1. The measurement procedure is based on the measurement of the total power radiated from the UE to a
full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

6.3.1.5 Test requirements

The average TRP of low, mid and high channel in the data transfers position shall be higher than test performance
requirements for roaming bands shown in Table 6.3.1.5-1 for notebook devices and in Table 6.3.1.5-2 for tablet devices.
The averaging shall be donein linear scale for the TRP results.

Plow /10 Prig /10 Prign /10
TRP ~10log 10 +10 +10

average 3

In addition the minimum TRP of each measured channel in the data transfers position shall be higher than minimum
performance requirements shown in the columns “Min”.

TRP,in = Min|Roy, Pric s Pign |

low? " mid ?
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Table 6.3.1.5-1: TRP test requirement for UTRA FDD notebook devices in the data transfers position

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 3bis Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average Min Average Min Average Min
I - - 18.3 16.5 TBD+TT | TBD+T | TBD+TT | TBD+T
T T
Il - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
| - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
\Y, - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
\Y, - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
\ - - 17.8 155 TBD+TT | TBD+T | TBD+TT | TBD+T
T T
W - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
VI - - 17.8 15.5 TBD+TT | TBD+T | TBD+TT | TBD+T
T T
IX - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
XIX - - 18.5+TT | 16.5+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for notebook devices.

NOTE:

for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

Table 6.3.1.5-2: TRP test requirement for UTRA FDD tablet devices in the data transfers position

If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 3bis Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average Min Average Min Average Min
I - - 18.3 16.5 TBD+TT | TBD+T | TBD+TT | TBD+T
T T
Il - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
| - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
1\ - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
\Y, - - 16.3 14.0 TBD+TT | TBD+T | TBD+TT | TBD+T
T T
Vi - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
Vil - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
VI - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
IX - - TBD+TT | TBD+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
XIX - - 17.0+TT | 15.0+T | TBD+TT | TBD+T | TBD+TT | TBD+T
T T T
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for tablet devices with two antennas.

NOTE:

for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.
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6.3.2  Total Radiated Power (TRP) for UTRA LCR TDD LEE

Editor’ s notes: This Subclause isincomplete. The following items are missing or incompl ete:

e TBDsinTables6.3.2.2-1 and 6.3.2.5-2 as they are not specified in TS 37.144 yet

6.3.2.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the
integral of the power transmitted in different directions over the entire radiation sphere:

1 . .
TRP =E§(E| RP,(Q; f) + EIRP,(Q; f) HQ

Where Q isthe solid angle describing the direction, f isfrequency. & and ¢ are the orthogonal polarizations.
EIRF, and EIRP, are the actualy transmitted power-levelsin corresponding polarizations.

Thus
T N-1M -1 .
TRszZZ[E' RP, (6, @ f)+ EIRP, (8,0 F)]siN(6,)
n=0 m=0

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LEE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the LEE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
) ( Pn ]
~\C (1-
TRP = ! ”( )

N
Z I:)ref,n
n=1

where P  isthe reference power transfer function for fixed measurement antennan, R isthe reflection coefficient

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
> /Sanm
_ m=1
VI
where S, |, issample number m of the complex transfer function measured with fixed measurement antenna n and
M isthetotal number of samples measured for each fixed measurement antenna.
Note that al averaging must be performed using linear power values (e.g. measurements in Watts).

The requirements and this test apply to all types of UTRA for the TDD UE for Release 11 and later releases that support
LEE.

Note: Thistest case can be optionally executed for Release 8 and onward UE’ s supporting LEE feature.
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6.3.2.2 Minimum Requirements

The average TRP of low, mid and high channel shall be higher than minimum performance requirements for roaming
bands shown in Table 6.3.2.2-1 for notebook devices and in Table 6.3.2.2-2 for tablet devices. The averaging shall be
donein linear scale for the TRP results.

Row /10 Pria /10 Rygh /10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRP,,, =10log|minf107/* 10%"° 109%™ |

Table 6.3.2.2-1: TRP minimum performance requirement for UTRA TDD notebook devices in the data
transfers position

Operatin | Power Class 1 Power Class 2 Power Class 3 Power Class 4
g band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min

a - - TBD TBD - - - -

b - - TBD TBD - - - -

c - - TBD TBD - - - -

d - - TBD TBD - - - -

e - - TBD TBd - - - -

f - TBD TBD - - - -

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for notebook devices.

Table 6.3.2.2-2: TRP minimum performance requirement for UTRA TDD tablet devices in the data
transfers position

Operatin | Power Class 1 Power Class 2 Power Class 3 Power Class 4
g band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min

a - - TBD TBD - - - -

b - - TBD TBD - - - -

c - - TBD TBD - - - -

d - - TBD TBD - - - -

e - - TBD TBd - - - -

f - - TBD TBD - - - -

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for tablet devices.

The normative reference for this clause is TS37.144 [12] Subclause 6.3.3.

6.3.2.3 Test purpose
The purpose of thistest is to verify that TRP, . ard TRR,; of the UE is not below specified values. A lower
TRP, 00e and TRP ;. decrease the coverage area.
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6.3.2.4 Method of test

6.3.24.1 Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+ o) timesthe
chip rate of the radio access mode, for more information see TS 34.122 [8] Subclause 5.2. The period of measurement
shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is not
disturbing the power measurement. Normally, the receiving device should be set accordingly so that the receiving signal
will be at least 30 dB higher than the system noise floor.

The LEE shall be tested according to DUT positioning described in Subclause 4.3.5.
Test environment: normal; see TS 34.122 [8] Subclause G.2.1.
Frequencies to be tested: low range, mid range, high range; see Table 5.2-2.

1) Set the SS downlink physical channels according to settingsin Table 6.3.2.4.1-1. Set the DPCH power such that
there will not be transmission gaps due to too low signal strength throughout the measurement.

2) Power on the LEE UE

3) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

4) Enter the UE into loopback test mode and start the loopback test.

5) The measurement receiver shall be set to: zero span, video trigger and RM S detector. The RBW shall be at least
(1+ o) times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For
1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 6.3.2.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75 dBm -

DwPCH DwWPCH_Ec / lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH >PICH_Ec/ lor -6 dB
FPACH FPACH_Ec / lor -6 dB
DL DPCH >DPCH_Ec/ lor 0dB

6.3.2.4.2 Procedure
1) Send continuously Up power control commandsto the LEE UE.
2) Asthe LEE UE reaches maximum power, start sending PN15 data pattern.

3) Position and configure the LEE according to Subclause 4.3.5.

4) Measurethe EIRP, and El RPq, with a sample step of 15° in theta (8) and phi (¢) directions using a test system
having characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.3.2.2.

NOTE 1. The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT.
The power radiated by the DUT is sampled in far field in a group of points located on a spherical surface
enclosing the DUT. The EIRP samples are taken using a constant sample step of 15° both in theta (6) and
phi (¢) directions. In some cases a different sampling grid may be used to speed up the measurements
(See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 8- and ¢ -

polarisations.
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NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3: Non Standard settings: To speed up sensitivity measurements, power measurements may be done with
non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized

by

AEIRP =

S|

Y (EIRPstd, — EIRPnstd, )
i=1

where EIRPStd; is power measurement done with standard setting. EIRPNSstd; is power measurement done with
non standard modulation. N is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

6.3.2.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the LEE UE.
2) Asthe LEE UE reaches maximum power, start sending PN15 data pattern.

3) Position and configure the LEE according to Subclause 4.3.5.

4) Measure a sufficient number of independent samples (see Subclause 4.5) of SZl’n’m using atest system having
characteristics as described in Annex A.

5) Calculate TRP using equations from Subclause 6.3.2.1.

NOTE 1: The measurement procedure is based on the measurement of the total power radiated from the UE to a
full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The
power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRP value.

NOTE 2: The noise floor of the measurement receiver shall not disturb the power measurement.

6.3.2.5 Test requirements

The average TRP of low, mid and high channel shall be higher than test performance requirements for roaming bands
shown in Table 6.3.2.5-1 for notebook devices and in Table 6.3.2.5-2 for tablet devices. The averaging shall be donein
linear scale for the TRP.

Row /10 Pria /10 Righ /10
TRP —10log 10 +10 +10

average 3

In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements
shown in the columns “Min”.

TRF)min — 10log[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J
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Table 6.3.2.5-1: TRP test requirement for UTRA TDD notebook devices in the data transfers position

Operatin | Power Class 1 Power Class 2 Power Class 3 Power Class 4
g band Power (dBm) Power (dBm Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min
TBD
a - - | TBD#TT | ¢ - - - -
TBD
b - - | TBD#TT | ¢ - - - -
TBD
c - - | TBDHTT | 7 - - - -
TBD
d - - | TBDHTT | 7 - - - -
TBD
e - - TBD +TT +TT - - - -
+TT
TBD
f - - | TBD#TT | ¢ - - - -
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for notebook devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

Table 6.3.2.5-2: TRP test requirement for UTRA TDD tablet devices in the data transfers position

Operatin | Power Class 1 Power Class 2 Power Class 3 Power Class 4
g band Power (dBm) Power (dBm Power (dBm) Power (dBm)
Average | Min | Average Min Average | Min | Average Min
TBD
a - - | TBDHTT | 7 - - - -
TBD
b - - TBD +TT T - - - -
TBD
c - - TBD +TT T - - - -
TBD
d - - | TBDHTT | 7 - - - -
TBD
e - - TBD +TT | +TT - - - -
+TT
TBD
f - - TBD +TT T - - - -
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for tablet devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for
this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement
has been relaxed by the Test Tolerance is given in Annex D.

6.3.3 Total Radiated Power (TRP) for E-UTRA FDD LEE

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
e Table6.3.3.2-1 and 6.3.3.5-1 as they are not specified in TS 37.144 yet

e Applicability
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6.3.3.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere:

Prre = i§(PthH (&f)+ Plegp(Q;f))jQ

Using i to denote either 6 or ¢, G, (Q; ) isthe y -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. P, isthe transmit power
level of the handset so that P, G, (Q; f) isthe actually transmitted power-level, also known as EIRP, in the i/ -
polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted
power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

1 : .
Lo = HSﬁ(cs(,(g,f) +G,(f)HQ
In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as

A A N '
Prep == 3 3 [PuGy (0,0 1) + PG, (6. 0 1)]sin(0,)
n=0 m=0

Or, by using the relation EIRP=P, G :

ApA, NN .
Y Y [EIRP, (6,,0:f) +EIRP, (6,,0,:1)]sin(8, )

n=0 m=0

Prre (f)=

In gain form the TRP can be expressed as:

(G, (6, 0 1) + G, (6, 0m:F)]siN(G,)

2.2

n=

IGre =

A9A¢> N-1M-1
4r o

o

Intheseformulas A, =7 /(N) and A, =27 /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
) ( Pn ]
~\C (1-
TRP = ! N”( )

Z I:)ref,n
n=1
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where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
2. S
_ m=1
VI
where S,, |, issample number m of the complex transfer function measured with fixed measurement antenna n and

M isthe total number of samples measured for each fixed measurement antenna.

Note that al averaging must be performed using linear power values (e.g. measurements in Watts).

6.3.3.2 Minimum Requirements

The average measured TRP of low, mid and high channel for laptop embedded equipment shall be higher than the
average TRP requirement specified in Table 6.3.3.2-1 for notebook devices and in Table 6.3.3.2-2 for tablet devices.
The averaging shall be done in linear scale for the TRP results. Average TRP requirement is shown in the column
“Average’ on the requirement tables.

Row/10 Pria /10 Righ /10
TRP —10log 10 +10 +10

average 3

In addition the lowest TRP of each measured channel shall be higher than minimum TRP requirement specified in the
column “Min” on the requirement tables.

TRF)min — 10log[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J

Table 6.3.3.2-1: TRP minimum performance requirement for E-UTRA FDD roaming mode for notebook
devices in the data transfers position and the primary mechanical mode

TBD
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Table 6.3.3.2-2: TRP minimum performance requirement for E-UTRA FDD roaming mode for tablet
devices in the data transfers position and the primary mechanical mode

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average Min
1 18.5 17.0
2
3 18.5 17.0
4
5
7 18.0 16.5
8
12
13
19 17.5 15.5
20 17.5 15.5
21 17.5 16.0
28
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicability for devices supporting CDMA or aggregated carriers (e.g. multi-carrier
HSPA, LTE Carrier Aggregation) is FFS.

The normative reference for this clause is TS37.144 [12] Subclause 6.3.4.

6.3.3.3 Test purpose

The purpose of thistest is to verify that TRP, . ard TRR,; of the UE is not below specified values. A lower

TRP, a0 and TRP . decrease the coverage area.
6.3.3.4 Method of test

6.3.34.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The
NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.

The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.4. Parameters required for Notebooks are
specified in Annex A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.3-1.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for devices with embedded modules specified in Subclause
4.3.5.

2) Power on the UE.

3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-1 for FDD mode.
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6.3.3.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maxi mum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Calculate the TRP using the EIRP pattern data as
per Subclause 6.3.3.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Cadlculate the average and minimum TRP as per Subclause 6.3.3.2.

6.3.3.4.3 Procedure, reverberation chamber method

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.

2) Measure asufficient number of independent samples (see Subclause 4.5) of S,; |, using atest system having
characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.3.3.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Cadlculate the average and minimum TRP as per Subclause 6.3.3.2.

6.3.3.5 Test requirements

The average measured TRP of low, mid and high channel for laptop embedded equipment shall be higher than the
average TRP requirement specified in Table 6.3.3.5-1 for notebook devices and in Table 6.3.3.5-2 for tablet devices.
The averaging shall be done in linear scale for the TRP results. Average TRP requirement is shown in the column
“Average’ on the requirement tables.

Row/10 Pria /10 Righ /10
TRP —10log 10 +10 +10

average 3

In addition the lowest TRP of each measured channel shall be higher than minimum TRP requirement specified in the
column “Min” on the requirement tables.

TRF)min — 10log[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J

Table 6.3.3.5-1: TRP test requirement for E-UTRA FDD roaming bands for notebook devices in the
data transfers position and the primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 101 ETSI TS 137 544 V14.4.0 (2018-01)

Table 6.3.3.5-2: TRP test requirement for E-UTRA FDD roaming bands for tablet devices in the data
transfers position and the primary mechanical mode

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average Min
1 17.8 16.0
2
3 17.8 16.0
4
5
7 17.3 15.5
8
12
13
19 16.8 14.5
20 16.8 14.5
21 16.8 15.0
28
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicability for devices supporting CDMA or aggregated carriers (e.g. multi-carrier
HSPA, LTE Carrier Aggregation) is FFS.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

6.3.4  Total Radiated Power (TRP) for E-UTRA TDD LEE
Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
e Table6.3.4.2-1and 6.3.4.5-1 asthey are not specified in TS 37.144 yet

o Applicability

6.34.1 Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities
such as mismatch and losses in the antenna are taken into account. The TRP is defined as the integral of the power
transmitted in different directions over the entire radiation sphere;

Prep = iﬁl(axc;g(g;f) +P,G, (f) HQ

Using i to denoteeither 6 or ¢, G, (Q; f) isthe i -polarization component of the gain pattern for the handset

antenna measured at the frequency f , where Q isthe solid angle describing the direction. B, isthe transmit power
level of the handset so that P, G, (; f) is the actually transmitted power-level, also known as EIRP, in the i/ -

polarization and in the direction  for frequency f .

The above equation may be written in "gain” form, that is, the TRP given by Prrp is normalized to the transmitted

power P, . Thisisthe total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,

tx

_ 1 : .
Lige = 4ﬂ§(G9(Q,f)+G¢(Q,f))jQ

In practice discrete samples of P, G, (Q;f) are measured and used to approximate the integral so that the TRPis
computed as
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A 1M-1
Y [PuGy (6, 0mi) + PoG, (6,0 )]siN(8,)
0 m=0

MZ

A
P i
TRP Ax

>
]

Or, by using the relation EIRP=P, G :

A, A N-1M-1
225" [EIRP, (8, 0if) + EIRP, (8,,0,,:F)]sin(6,)
=0m=0

PTRP (f) = ar

In gain form the TRP can be expressed as:

A A N-1M-1
an Y G, (60, 0miT) + G, (6, 0 P)]siN(6,)

n=0 m=

IGre =

o

Intheseformulas A, =7 /(N) and A, =2z /M are the sampling intervals for the 6 - and @ -angles, respectively,

and the number of samplesinthe - and ¢ -anglesaregivenby N and M , respectively. The sampling points of the
spherearegivenby 6, =nA, and ¢, = mA . The sampling intervals are discussed further in Section 4.4.

When measuring power radiated by active devices, expressing the datain terms of EIRP is more appropriate. The upper
form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The
measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated
power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically
distributed samplesis proportional to the TRP and by calibrating the average power transfer function, an absolute value

of the TRP can be obtained. Thus
Neww)
n=1 Cn (1_ Rn)
N

Z Pref n
n=1

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

TRP ~

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, isthe average power measured by fixed measurement antenna n and can be calculated using the

following expression:

M 2
> Sotnm
_ m=1
U
where S,, |, , is sample number m of the complex transfer function measured with fixed measurement antenna n and
M isthe total number of samples measured for each fixed measurement antenna.
Note that all averaging must be performed using linear power values (e.g. measurementsin Watts).

[Applicability is TBD]

6.3.4.2 Minimum Requirements

The average measured TRP of low, mid and high channel for laptop embedded equipment shall be higher than the
average TRP requirement specified in Table 6.3.4.2-1 for notebook devices and in Table 6.3.4.2-2 for tablet devices.
The averaging shall be donein linear scale for the TRP results. Average TRP requirement is shown in the column
“Average” on the requirement tables.
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Row /10 Pria /10 Rgh /10
TRP.._ =10log 0™ +10™™ +10

average 3

In addition the lowest TRP of each measured channel shall be higher than minimum TRP requirement specified in the
column “Min” on the requirement tables.

TRP,,, =10log|minf107/* 10%"° 10%+ "

Table 6.3.4.2-1: TRP minimum performance requirement for E-UTRA TDD roaming mode for notebook
devices in the data transfers position and the primary mechanical mode

TBD

Table 6.3.4.2-2: TRP minimum performance requirement for E-UTRA TDD roaming mode for tablet
devices in the data transfers position and the primary mechanical mode

TBD

The normative reference for this clause is TS37.144 [12] Subclause 6.3.5.

6.3.4.3 Test purpose

The purpose of thistest isto verify that TRP, ... and TRF; of the UE is not below specified values. A lower
TRP, g and TRR, decrease the coverage area.

6.3.4.4 Method of test

6.3.4.4.1 Initial conditions

A radio communications tester or a corresponding device is used asaNB simulator to setup callsto the DUT. The
NB/BS simulator may also measure the radiated power samples. Alternatively, a measurement receiver or spectrum
analyzer may be used for that purpose.

The maximum output power for different UE power classes are defined in 3GPP TS 36.521-1 [11] Subclause 6.2.2 for
any transmission bandwidth within the channel bandwidth. Also care should be taken that the noise floor of the
measurement receiver is not disturbing the power measurement.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.4. Parameters required for Notebooks are
specified in Annex A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.4-1.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for devices with embedded modules specified in Subclause
4.35.

2) Power on the UE.

3) Settheinitial conditions as per Subclause 6.2.2 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.4-1 for TDD mode.
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6.3.4.4.2 Procedure

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maxi mum power.

2) For the anechoic chamber based methodol ogies, measure the spherical effective isotropic radiated power (EIRP)
pattern following the sampling grid specified in Subclause 4.4. Slots with transient periods are not under test.
The uplink downlink configuration and the special subframe configurationin TDD are set as per Table 8.2.2-1 of
3GPP TS 36.521-1 [11]. Calculate the TRP using the EIRP pattern data as per Subclause 6.3.4.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.3.4.2.

6.3.4.4.3 Procedure, reverberation chamber method

1) Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [11] and ensure that the DUT transmits with its
maximum power.

2) Measure a sufficient number of independent samples (see Subclause 4.5) of SZl’n’m using atest system having
characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.3.4.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRP as per Subclause 6.3.4.2.

6.3.4.5 Test requirements

The average measured TRP of low, mid and high channel for laptop embedded equipment shall be higher than the
average TRP requirement specified in Table 6.3.4.5-1 for notebook devices and in Table 6.3.5.5-2 for tablet devices.
The averaging shall be donein linear scale for the TRP results. Average TRP requirement is shown in the column
“Average” on the requirement tables.

Row /10 Pria /10 Righ /10
TRP —10log 10 +10 +10

average 3

In addition the lowest TRP of each measured channel shall be higher than minimum TRP requirement specified in the
column “Min” on the requirement tables.

TRF)min — 10log[mi n(lOP"’W/lO 110Pmd /10 110Phigh/10 )J

Table 6.3.4.5-1: TRP test requirement for E-UTRA TDD roaming bands for notebook devices in the
data transfers position and the primary mechanical mode
TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

Table 6.3.4.5-2: TRP test requirement for E-UTRA TDD roaming bands for tablet devices in the data
transfers position and the primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Reguirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.
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7 Receiver Performance

7.1 Performance for handheld UE

7.1.1 Total Radiated Sensitivity (TRS) for UTRA FDD in Speech Mode
with beside the Head Phantom

Editor’ s notes: This subclause isincomplete. The following item is missing or incompl ete:

e Textfor Subclause 7.1.1.4.3 Procedure, reverberation chamber method

7111 Definition and applicability
The Total Radiated Sensitivity is defined as:

TRS = ar

1 1
§ + dQ
EIS,(Q; f)  EIS,(Q; f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6
and ¢ arethe orthogonal polarizations.

2NM

N-1M - 1 1 .
Y. + sin(4,)
n=0 m=0 EISe(en’¢m; f) EIS¢(9n’¢m; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement

TRS =

angles. The sampling intervals are discussed further in Subclause 4.4.

The requirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

7.1.1.2 Minimum requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.1.2-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.

1 1 1 1 1 1
TRS.\verage = 10'0{6/(103(!!@/\//10 + lopleftimid /10 + 1OReﬂihigh/lO + 1OF)righ17I(>\N/10 + 10Prighl7m'd/10 + 10Prighl7high/10 J:|

In addition the maximum TRS of each measured channel in beside head position shall be better than minimum
performance requirements for roaming bands shown in the columns “Max” on the requirement tables.

TRS, ., =10l Oglmax(loaeﬂf.ow/w 10t ma /10 9 et in/10 9 P 10w/ 10 9 P ma 110 3Frre_on/10 )J

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 106 ETSI TS 137 544 V14.4.0 (2018-01)

Table 7.1.1.2-1: TRS minimum requirements for UTRA FDD roaming bands in the speech position for
the primary mechanical mode

Operating band Unit <REFlor>

Average Max

| dBm/3.84 MHz -101 -98
Il dBm/3.84 MHz -99 -96
11 dBm/3.84 MHz -98 -95
[\ dBm/3.84 MHz -101 -98
V dBm/3.84 MHz -96 -93
VI dBm/3.84 MHz -96 -93
Vi dBm/3.84 MHz -99 -96
VIII dBm/3.84 MHz -96 -93
IX dBm/3.84 MHz -100 -97
XIX dBm/3.84 MHz -96 -93

NOTE 1: For Power class 3, 3bis and 4 this shall be achieved at the
maximum output power.

NOTE 2: For the UE which supports both Band 11l and Band IX operating
frequencies, the reference level of TDB dBm TRS <REFiq>
[average and min] shall apply for Band IX.

NOTE 3: Applicable for dual-mode GSM/UMTS.

NOTE 4: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -98 dBm/3.84 MHz and max
<REFlor> level of -95 dBm/3.84 MHz shall apply for Band II.

NOTE 5: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFlor> level of -100 dBm/3.84 MHz and max
<REFlor> level of -97 dBm/3.84 MHz shall apply for Band IV.

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.1.2.

7.1.1.3 Test Purpose

The purpose of thistest isto ensurethat TRS and TRS, , of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7114 Method of test

71141 Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup callsto the DUT. The
NB/BS simulator is aso used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1.
Test environment: normal; see TS 36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.1-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
2) Set the SS downlink physical channels according to settingsin Table 7.1.1.4.1-1.
3) Power onthe UE.

4) A cal isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 107 ETSI TS 137 544 V14.4.0 (2018-01)

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 7.1.1.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH Ec/DPCH Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH_Ec =5dB
SCH SCH_Ec/DPCH Ec=5dB
PICH PICH Ec/DPCH Ec =2dB
DPCH Test dependent power

7.1.1.4.2 Test procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.
3) Position the UE against the SAM phantom

4) Measure EIS from one measurement point. EIS is the power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 20000 or more bits, see Annex E.20.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
5) Measure the EIS for every direction of selected sampling gird using two orthogonal polarizations to obtain TRS.
6) Calculate TRS using equations from chapter 7.1.1.1

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used in
the measurements. However to obtain TRS result the measured EI'S figures shall be normalized by

AEIS= 1Z(ElSstdi ~ ElSnstd,)

i=1

Where EISstd; is sensitivity measurement done with standard setting. ElShstd; is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See
Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by eguation in Subclause 7.1.1.2.

7.1.1.4.3 Test procedure, reverberation chamber method
TBD

7.1.15 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.1.5-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.
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1 1 1 1 1 1
TRS.\verage = 10'0{6/(103(!!@/\//10 + lOPIeftimid /10 + 1ORef!7high/lO + 10Rightjowl10 + 10Pright7m'd/10 + loprightihighllo J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.1.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

RS, =10l Oglmax(loaeﬂf.ow/w 10 ma /10 9 et ion/10 9 P 10w/ 10 9 (P ma 110 3Fhre_on/10 )J

Table 7.1.1.5-1: TRS test requirements for UTRA FDD roaming bands in the speech position for the
primary mechanical mode

Operating band Unit <REFlor>
Average Max
| dBm/3.84 MHz -100.1 -96.8
Il dBm/3.84 MHz -98.1 -94.8
1 dBm/3.84 MHz -97.1 -93.8
\Y dBm/3.84 MHz -100.1 -96.8
V dBm/3.84 MHz -95.1 -91.8
VI dBm/3.84 MHz -95.1 -91.8
VI dBm/3.84 MHz -98.1 -94.8
VI dBm/3.84 MHz -95.1 -91.8
IX dBm/3.84 MHz -99.1 -95.8
XIX dBm/3.84 MHz -96+TT -93+TT

NOTE 1: For Power class 3, 3bis and 4 this shall be achieved at the
maximum output power.

NOTE 2 For the UE which supports both Band 11l and Band IX operating
frequencies, the reference level of TDB dBm TRS <REFiq>
[average and min] shall apply for Band IX.

NOTE 3: Applicable for dual-mode GSM/UMTS.

NOTE 4: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -97.1 dBm/3.84 MHz and max
<REFior> level of -93.8 dBm/3.84 MHz shall apply for Band II.

NOTE 5: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFor> level of -99.1 dBm/3.84 MHz and max
<REFlor> level of -95.8 dBm/3.84 MHz shall apply for Band IV.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.2.

7.1.2 Total Radiated Sensitivity (TRS) for UTRA LCR TDD in Speech
Mode with beside the Head Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- Table 7.1.2.2-1 and 7.1.2.5-1 as they are not completed in TS 37.144 yet

- Text for Subclause 7.1.2.4.3  Procedure, reverberation chamber method

7121 Definition and applicability
The Total Radiated Sensitivity is defined as:

A

TRS =

§ 1 + 1 dQ
EIS, (; f) EISw(Q; f)
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. &

and ¢ arethe orthogonal polarizations.

2NM

ENZWZ 1 + 1 sin(@,)
n=0 m=0 Else(en1¢m; f) Elsgo(en!(om; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The reguirements and this test apply to al types of UTRA for the TDD UE for Release 8 and later releases.

7.1.2.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.2.2-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.

1 1 1 1 1 1
TR%verage = 1O|Oé{6/(1oﬂen_|ow/10 + 10P|eft_m|d/10 + 1OPIeft_h|gh/lO + 10Pngm_|ow/10 + 10Pnght_md/lo + 10Pnght_h|gh/10 j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.2.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7Icwv /10 ,10P|efLmid /10 ,1OF’|ethigh /10 ’10Prigh17I0w /10 ’10Prigh17mid /10 ,10Prigh:7high /10 )J

Table 7.1.2.2-1: TRS minimum requirements for UTRA LCR TDD roaming bands in the speech
position for the primary mechanical mode

Operating Band Unit <REFlor>
Average Max
a dBm/1.28 MHz -101 -100
b dBm/1.28 MHz TBD TBD
c dBm/1.28 MHz TBD TBD
d dBm/1.28 MHz TBD TBD
e dBm/1.28 MHz -101 -100
f dBm/1.28 MHz -101 -100
NOTE Applicable for dual-mode GSM/UTRA LCR TDD.

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.1.3.

7.1.2.3 Test purpose

The purpose of thistest isto ensurethat TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7124 Method of test

7.1.24.1 Initial conditions
A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The

NB/BS simulator is aso used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.
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Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.2-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.

2) Set the SS downlink physical channels according to settingsin Table 7.1.2.4.1-1. The DL power level should be
set to ensure 0% BER at 12.2kbps data rate at the whole 3D initial scan.

3) Power on the UE.

4) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

5) Enter the UE into loopback test mode and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] and Annex C of TS 34.122 [8] for details regarding generic call setup procedure
and loopback test.

Table 7.1.2.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75 dBm -

DwPCH DwPCH_Ec/ lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH >PICH Ec/lor -6 dB
FPACH FPACH_Ec/lor -6 dB
DL DPCH >DPCH_Ec/lor 0dB

7.1.2.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EIS is the power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 40000 or more bits; see Annex E.20. The DL power step size shall be no
bigger than 0.5dB when the RF level is near the TDD UE sensitivity level.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
4) Measurethe EISfor every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
5) Calculate TRS using equations from Subclause 7.1.2.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used
in the measurements. However to obtain TRS result the measured EIS figures shall be normalized by

AEIS= iZ(ElSstoli ~ ElSnstd,)

i=1

Where EISstd, is sensitivity measurement done with standard setting, EISnstd, is sensitivity
measurement done with non standard settings. N isamount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.
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The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).
The Total Radiated Sensitivity is calculated from the measured data by eguation in Subclause 7.1.2.2.

7.1.2.4.3 Procedure, reverberation chamber method
TBD
7.1.25 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.2.5-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.

1 1 1 1 1 1
TRSaverage = 10|0{6/(1039n|ow/10 + 1OPIef:7mid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7m'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.2.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = lologlmax(loplefuow/lo 110PIeft7n1'd /10 110PIeft7high /10 ’10Pright7Imv/10 ’10Pright7n1'd /10 110Prigh:7high /10 )J

Table 7.1.2.5-1: TRS minimum requirement for UTRA LCR TDD roaming bands in the speech position
and the primary mechanical mode

Operating Band Unit <REFlor>
Average Max
a dBm/1.28 MHz -100.1 -98.8
b dBm/1.28 MHz TBD+TT TBD+TT
C dBm/1.28 MHz TBD +TT TBD+TT
d dBm/1.28 MHz TBD +TT TBD+TT
e dBm/1.28 MHz -100.1 -98.8
f dBm/1.28 MHz -100.1 -98.8
NOTE Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Tolerance isgiven in Annex D.2.

7.1.3  Total Radiated Sensitivity (TRS) for UTRA FDD in Speech Mode
with beside the Head and Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

e Table7.1.3.2-1and 7.1.3.5-1 asthey are not specified in TS 37.144 yet

7.1.3.1
The Total Radiated Sensitivity is defined as:

Definition and applicability
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4

TRS =

§ 1 + 1 dQ
EIS,(Q; f) EIS,(Q; f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogonal polarizations.

TRS = 2NM
N-1M -1 1 1 )
Ty + sin(@,)
n=0 m=0 EISa(en’¢m; f) EIS(p(en’¢m; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment within
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesaBER
that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.

Y (€0~ R, Pres )j_l

TRS = 2N (1 .
Zpref,n

n=1

where P | isthe reference power transfer function for fixed measurement antennan, R| isthe reflection coefficient

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed

measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in
AnnexB.2. P is calculated by using the following equation:

thres,n
o 1
) sty
thres
m=1 ‘ S21, nm
P =

thres,n
M

where tTf - i1sthe m:th value of the transfer function for fixed measurement antenna n, which gives the BER

threshold. M isthetotal number of values of the BER threshold power measured for each fixed measurement antenna.

The reguirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

7.1.3.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.3.2-1. The averaging shall be done in linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average” on the
requirement tables.

1 1 1 1 1 1
TRSaverage = 1O|Oé{6/(1oﬂen_|ow/lo + 10P|eft_m|d/10 + 1OPIeft_h|gh/10 + 10Pngm_|ow/10 + 10Pnght_md/lo + 10Pnght_h|gh/10 j:|
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In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.3.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og[max(1oplen_|ow/10 ,1OPIefl_mid /10 ,1OPIefl_high /10 ’10Prighl_luw/10 ’10Prighl_mid /10 ,10Pright_high /10 )J

Table 7.1.3.2-1: TRS minimum requirements for UTRA FDD roaming bands in the speech position for
the primary mechanical mode

Operating band Unit <REFlor>

Average Max

| dBm/3.84 MHz -101.10 TBD
Il dBm/3.84 MHz -99.0 TBD
11 dBm/3.84 MHz TBD TBD
[\ dBm/3.84 MHz TBD TBD
V dBm/3.84 MHz -96.75 TBD
VI dBm/3.84 MHz -96.75 TBD
VI dBm/3.84 MHz TBD TBD
VI dBm/3.84 MHz -96.75 TBD
IX dBm/3.84 MHz TBD TBD
XIX dBm/3.84 MHz -96.75 TBD

NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.

NOTE 2: For the UE which supports both Band 11l and Band IX operating
frequencies, the reference level of TDB dBm TRS <REFio>
[average and min] shall apply for Band IX.

NOTE 3: Applicable for dual-mode GSM/UMTS.

NOTE 4: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFor> level of -98 dBm/3.84 MHz and max
<REFlor> level of -95 dBm/3.84 MHz shall apply for Band II.

NOTE 5: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFlor> level of -100 dBm/3.84 MHz and max
<REFlor> level of -97 dBm/3.84 MHz shall apply for Band IV.

NOTE 6: Applicable for devices narrower than 72mm as defined in TR
25.914.

NOTE 7: Not applicable for devices supporting CDMA or carrier
aggregation.

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.2.1.

7.1.3.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7134 Method of test

7.1.34.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The
NB/BS simulator is aso used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1 and A.2.2.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.

Freguenciesto be tested: low range, mid range, high range; see Table 5.1-2.

Positioning Requirements shall be the same as described in Subclause 4.3.
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1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
2) Set the SSdownlink physical channels according to settingsin Table 7.1.3.4.1-1.
3) Power onthe UE.

4) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 7.1.3.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH Ec/DPCH Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH _Ec =5dB
SCH SCH_Ec/DPCH Ec=5dB
PICH PICH Ec/DPCH Ec =2dB
DPCH Test dependent power

7.1.3.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EIS is the power transmitted from one specific direction to the UE
causing BER value of 1% + 0.2% using 20000 or more hits; see Annex E.20.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
4) Measurethe EIS for every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
5) Calculate TRS using equations from Subclause 7.1.3.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used in
the measurements. However to obtain TRS result the measured EI S figures shall be normalized by

1 n
AEIS==Y (ElSstd, — EISnstd, )
i=1
Where EISstd; is sensitivity measurement done with standard setting, ElShstd, is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in a group of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.3.2.

7.1.3.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.

2) Asthe UE reaches maximum power, start sending PN15 data pattern.
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3) Set the base station simulator to a specific output power and perform a BER measurement.

4) Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is
found that gives a BER value of 1% + 0.2% using 20000 or more bits, see Annex E.20. This corresponds to

2
St -
NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.

2
5) Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of ‘S;T?m‘ has been

measured.
7) Calculate TRS using equations from chapter 7.1.3.1.

NOTE 1. The measurement procedure is based on samples of the received signal power at the UE/MS from afull 3
dimensional isotropic environment with uniform elevation and azimuth field distribution. The power
received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRS value.

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.3.2.

7.1.35 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.3.5-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.

1 1 1 1 1 1
TR%verage = 1O|Oé{6/(1oﬂeﬂ_|ow/lo + lopleft_mid /10 + 10PIefl_high/lO + 10Prigm_|uw/10 + 10Prigm_mid/10 + 10Prigm_high/1o j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.3.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7Icwv /10 ,10P|efLmid /10 ,1OF’|ethigh /10 ’10Prigh17I0w /10 ’10Prigh17mid /10 ,10Prigh:7high /10 )J
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Table 7.1.3.5-1: TRS minimum requirement for UTRA FDD roaming bands in the speech position and
the primary mechanical mode

Operating band Unit <REFlor>
Average Max
| dBm/3.84 MHz -100.1 TBD+TT
Il dBm/3.84 MHz -98.1 TBD+TT
11 dBm/3.84 MHz TBD+TT TBD+TT
[\ dBm/3.84 MHz TBD+TT TBD+TT
V dBm/3.84 MHz -95.85 TBD+TT
VI dBm/3.84 MHz -95.85 TBD+TT
VI dBm/3.84 MHz TBD+TT TBD+TT
VI dBm/3.84 MHz -95.85 TBD+TT
IX dBm/3.84 MHz TBD+TT TBD+TT
XIX dBm/3.84 MHz -95.85 TBD+TT

NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.

NOTE 2: For the UE which supports both Band 11l and Band IX operating
frequencies, the reference level of TDB dBm TRS <REFiq>
[average and min] shall apply for Band IX.

NOTE 3: Applicable for dual-mode GSM/UMTS.

NOTE 4: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -98 dBm/3.84 MHz and max
<REFlor> level of -95 dBm/3.84 MHz shall apply for Band II.

NOTE 5: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFlor> level of -100 dBm/3.84 MHz and max
<REFior> level of -97 dBm/3.84 MHz shall apply for Band IV.

NOTE 6: Applicable for devices narrower than 72mm as defined in TR
25.914.

NOTE 7: Not applicable for devices supporting CDMA or carrier
aggregation.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

7.1.4 Total Radiated Sensitivity (TRS) for UTRA LCR TDD in Speech
Mode with beside the Head and Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

e Table7.1.4.2-1and 7.1.5.4-1 asthey are not specified in TS 37.144 yet

7.14.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

4r

TRS =

1 1
§ —+ — [dQ
EIS,(Q; f) EIS,( f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6
and ¢ arethe orthogonal polarizations.
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2NM

TRS =

N

N-1M -1 1 1 .
T + sn
nz;)n;) Elsﬁ(en’(om’f) ElSw(é?n,(Dm; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can a'so be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesa BER

that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.

3 (C,0- R, Pres )j_l

ﬂSzZNLﬂ .
Z Pref,n

n=1

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. B, , iscaculated by using the following equation:
i 1
2
™S
Pthres,n = M

where S;hlrff m 1sthe m:ith value of the transfer function for fixed measurement antenna n, which givesthe BER

threshold. M isthe total number of values of the BER threshold power measured for each fixed measurement antenna.

The reguirements and this test apply to al types of UTRA for the TDD UE for Release 8 and later releases.

7.1.4.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.4.2-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.

1 1 1 1 1 1
TR%verage = 1O|Oé{6/(1oﬂeﬂ_|ow/lo + lopleft_mid /10 + 10PIefl_high/lO + 10Prigm_|uw/10 + 10Prigm_mid/10 + 10Prigm_high/1o j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.5.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7Icwv /10 ,10P|efLmid /10 ,1OF’|ethigh /10 ’10Prigh17I0w /10 ’10Prigh17mid /10 ,10Prigh:7high /10 )J
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Table 7.1.4.2-1: TRS minimum requirements for UTRA LCR TDD roaming bands in the speech
position for the primary mechanical mode

Operating band Unit <REFlor>

Average Max
a dBm/1.28 MHz TBD TBD
b dBm/1.28 MHz TBD TBD
C dBm/1.28 MHz TBD TBD
d dBm/1.28 MHz TBD TBD
e dBm/1.28 MHz TBD TBD
f dBm/1.28 MHz TBD TBD

Note: Applicable for dual-mode GSM/UTRA LCR TDD.

The normative reference for thisclauseis TS 37.144 [12] Subclause 7.1.2.2.

7.1.4.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.15.4 Method of test

7.1.4.4.1 Initial conditions

A radio communications tester or a corresponding device is used asaNB simulator to setup callsto the DUT. The
NB/BS simulator is also used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1 and A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.2-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.

2) Set the SS downlink physical channels according to settingsin Table 7.1.4.4.1-1. The DL power level should be
set to ensure 0% BER at 12.2kbps data rate at the whole 3D initial scan.

3) Power on the UE.

4) A cdl isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

5) Enter the UE into loopback test mode and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] and Annex C of TS 34.122 [8] for details regarding generic call setup procedure
and loopback test.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14

119

ETSI TS 137 544 V14.4.0 (2018-01)

Table 7.1.4.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75dBm

DwPCH DwPCH_Ec / lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH >PICH _Ec/lor -6 dB
FPACH FPACH_Ec / lor -6 dB
DL DPCH >DPCH_Ec/lor 0dB

714472 Procedure

1) Send continuously Up power control commands to the UE.

2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EISisthe power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 40000 or more bits; see Annex E.20. The DL power step size shall be no
bigger than 0.5dB when the RF level is near the TDD UE sensitivity level.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.

4) Measurethe EISfor every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.

5) Calculate TRS using equations from Subclause 7.1.4.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used
in the measurements. However to obtain TRS result the measured EIS figures shall be normalized by

AEIS =

1Z(ElSstoli — ElSnstd, )

i=1

Where EISstd, is sensitivity measurement done with standard setting, EISnstd, is sensitivity
measurement done with non standard settings. N isamount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.5.2.

7.1.4.4.3 Procedure, reverberation chamber method

1) Send continuously Up power control commands to the UE.

2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Set the base station simulator to a specific output power and perform a BER measurement.

4) Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is
found that gives a BER value of 1% =+ 0.2% using 20000 or more hits, see Annex E.20. This corresponds to

h 2
‘Sélrr?m‘ '

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable agorithm.
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2
5) Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of ‘Sé'lr?m‘ has been

measured.
7) Calculate TRS using equations from chapter 7.1.4.1.

NOTE 1: The measurement procedure is based on samples of the received signal power at the UE/MS from afull 3
dimensional isotropic environment with uniform elevation and azimuth field distribution. The power
received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRS value.

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.4.2.

7.1.45 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.4.5-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average’ on the
requirement tables.

1 1 1 1 1 1
TRS.\verage = 10|0{6/(1099n|ow/10 + loplef:imid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7mid/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.4.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7Icwv /10 110P|efLmid /10 ,1OF’|ethigh /10 ’10Prigh17I0w /10 ’10Prigh17mid /10 ,10Prigh:7high /10 )J

Table 7.1.4.5-1: TRS minimum requirement for UTRA LCR TDD roaming bands in the speech position
and the primary mechanical mode

Operating band Unit <REFlor>
Average Max

a dBm/1.28 MHz | TBD+TT | TBD+TT
b dBm/1.28 MHz | TBD+TT | TBD+TT
c dBm/1.28 MHz | TBD+TT | TBD+TT
d dBm/1.28 MHz | TBD+TT | TBD+TT
e dBm/1.28 MHz | TBD+TT | TBD+TT
f dBm/1.28 MHz | TBD+TT | TBD+TT

Note: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

7.1.5  Total Radiated Sensitivity (TRS) for E-UTRA FDD in Speech Mode
with beside the Head and Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

e Table7.1.5.2-1and 7.1.5.5-1 asthey are not specified in TS 37.144 yet

7.15.1 Definition and applicability
The Total Radiated Sensitivity is defined as:
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A

TRS =

§ 1 + 1 dQ
EIS,(Q; f) EIS,(Q;f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogonal polarizations.

TRS = 2NM
N-1M -1 1 1 .
2303 + sin(4,)
n=0 m=0 EIS&(gn’¢m; f) EIS¢(9n1¢m; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment within
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesaBER

that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.

Y (€0~ R, Pres )j_l

TRS = 2N (1 .
Zpref,n

n=1

where P | isthe reference power transfer function for fixed measurement antennan, R| isthe reflection coefficient

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in
AnnexB.2. P, is calculated by using the following equation:

hres,n

o 1
2 e 2

thres
m=1 ‘ S21,n,m

Pthres,n = M
where tTf - i1sthe m:th value of the transfer function for fixed measurement antenna n, which gives the BER

threshold. M isthetotal number of values of the BER threshold power measured for each fixed measurement antenna.

The requirements and this test apply to al types of LTE UEsindependent of release.

7.15.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.5.2-1. The averaging shall be done in linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average” on the
requirement tables.

1 1 1 1 1 1
TR%verage = 1OIO{6/(1OP|M1_|OW/J‘O + 10F1eﬂ_md/10 + 1OPIeft_h|gh/10 + 10Pngm_|ow/10 + 10Pnght_md/10 + 10Pnght_h|gh/10 j:|
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In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.5.2-1. Maximum TRS requirement is shown in the column “Max” on the regquirement tables.

TRS max = 10|Og[max(1oplen_|ow/10 ,1OPIefl_mid /10 ,1OPIefl_high /10 ’10Prighl_luw/10 ’10Prighl_mid /10 ,10Pright_high /10 )J

Table 7.1.5.2-1: TRS minimum requirements for E-UTRA FDD roaming bands in the speech position
for the primary mechanical mode

TBD

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.2.3.

7.15.3 Test purpose

The purpose of this test isto ensure that TRS and TRS, , of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7154 Method of test

71541 Initial conditions

A radio communications tester or a corresponding device is used asaNB simulator to setup callsto the DUT. The
NB/BS simulator is also used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1 and A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.3-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
2) Power on the UE.

3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-2 for FDD mode. For DUTs
with more than one receiver port, al the tests should be performed using both (all) antenna ports simultaneously.

7.154.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.1.5.1 to calculate
TRS.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.1.5.2.
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71543 Procedure, reverberation chamber method

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2
has been

2) Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of ‘Sﬂfm

measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput
of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause
7.15.1.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.1.5.2.

7.155 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.5.5-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average” on the
requirement tables.

1 1 1 1 1 1
TRS.\verage = 10|0{6/(1099n|ow/10 + loplef:imid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7mid/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.5.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = lologlmax(loplefuow/lo 110PIeft7n1'd /10 110PIeft7high /10 ’1OP|'ight7I0w/lO ’10Pright7n1'd /10 110Prigh:7high /10 )J

Table 7.1.5.5-1: TRS minimum requirement for E-UTRA FDD roaming bands in the speech position
and the primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

7.1.6 Total Radiated Sensitivity (TRS) for E-UTRA TDD in Speech Mode
with beside the Head and Hand Phantom

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

e Table7.1.6.2-1and 7.1.6.5-1 asthey are not specified in TS 37.144 yet

7.16.1 Definition and applicability
The Total Radiated Sensitivity is defined as:
4r

TRS =

§ 1 + 1 dQ
EIS,(Q; f) EIS, (& f)
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. &

and ¢ arethe orthogonal polarizations.

2NM

N-1M— 1 1 _
233 + sin(6,)
n=0 m=0 EIS&(9n7¢m; f) E|S¢(6n7¢m; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can a'so be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesaBER
that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.

3 (C,0- R, Pres )jl

TRS= 2N [1 _
Zpref,n

n=1

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in
Annex B.2. P is calculated by using the following equation:

thres,n
M 1
) Dty
thres
P m=1 ‘ S21,n,m
thres,n —
M

where S;*;jﬁ‘ - i1sthe m:th value of the transfer function for fixed measurement antenna n, which givesthe BER

threshold. M isthetotal number of values of the BER threshold power measured for each fixed measurement antenna.

The requirements and this test apply to all types of LTE UEs independent of release.

7.1.6.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.6.2-1. The averaging shall be donein linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average” on the
requirement tables.

1 1 1 1 1 1
TRS.\verage = 10|0{6/(1099n|ow/10 + 1oplef:7m|d /10 + 1ORef!7high/lO + 1OF)r|gh!7I0w/10 + 10Pright7n1'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.6.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = lologlmax(loplefuow/lo 110PIeft7n1'd /10 110PIeft7high /10 ’1OP|'ight7I0w/lO ’10Pright7n1'd /10 ,10Prigh:7high /10 )J
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Table 7.1.6.2-1: TRS minimum requirements for E-UTRA TDD roaming bands in the speech position
for the primary mechanical mode

TBD

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.2.4.

7.1.6.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.1.6.4 Method of test

7.16.4.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The
NB/BS simulator is aso used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.1 and A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.4-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
2) Power on the UE.

3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.4-2 for TDD mode. For DUTs
with more than one receiver port, al the tests should be performed using both (all) antenna ports simultaneously.

7.1.6.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.1.6.1 to calculate
TRS.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.1.6.2.

7.1.6.4.3 Procedure, reverberation chamber method

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).
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2
2) Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of ‘Sﬁrfm‘ has been

measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput
of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause
7.1.6.1.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Cadlculate the average and minimum TRS as per Subclause 7.1.6.2.

7.1.6.5 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.6.5-1. The averaging shall be done in linear scale for the TRS results
of both right and left side of the phantom head. Average TRS requirement is shown in the column “Average” on the
requirement tables.

1 1 1 1 1 1
TRS.\verage = 10|0{6/(1099n|ow/10 + 1OPIef:7m|d /10 + 1ORef!7high/lO + 1OF)r|gh!7I0w/10 + 10Pright7n1'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.6.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS mex = 1O|Og[max(1opleﬂ_low/10 ,1OPIeft_md /10 ,1opleft_h|gh /10 ’10Pr|ght_luw/10 ’10Pr|ght_m|d /10 ’10Pr|ght_h|gh /10 )J

Table 7.1.6.5-1: TRS minimum requirement for E-UTRA TDD roaming bands in the speech position
and the primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

7.1.7 Total Radiated Sensitivity (TRS) for UTRA FDD in Browsing Mode
with Hand Phantom

Editor’s notes: This subclause isincomplete. The following itemsis missing or incompl ete:
- Table 7.1.7.2-1 and 7.1.7.5-1 as they are not specified in TS 37.144 yet

- Text for Subclause 7.1.7.4.3  Procedure, reverberation chamber method

7.1.7.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

TRS = an

§ 1 + 1
EIS,(©; f)  EIS,(Q; f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6
and ¢ arethe orthogonal polarizations.
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TRS = ZNM

)

N-1M -1 1 1 )
7y —+ —|sin(q
n=0 m=0 E|89(9n1¢m1 f) EIS¢(9n'¢)m7 f)
Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement

angles. The sampling intervals are discussed further in Subclause 4.4.

The reguirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

7.1.7.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.7.2-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TRS.\verage = 10|0{6/(1099n|ow/10 + 1OPIef:7m|d /10 + 1ORef!7high/lO + 1OF)r|gh!7I0w/10 + 10Pright7n1'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.7.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS mex = 10|Og [max (10P|eft_low /10 ,1OPIeft_md /10 ,10PIeft_h|gh /10 ’10Pr|gh(_luw /10 ,10Pr|ght_m|d /10 ’10Pnght_h|gh /10 )J

Table 7.1.7.2-1: Handheld UE TRS minimum requirements for UTRA FDD roaming bands in hand
phantom browsing mode position

Operating band Unit <REFlor>

Average Max

| dBm/3.84 MHz TBD TBD
Il dBm/3.84 MHz TBD TBD
11 dBm/3.84 MHz TBD TBD
[\ dBm/3.84 MHz TBD TBD
V dBm/3.84 MHz TBD TBD
VI dBm/3.84 MHz TBD TBD
VI dBm/3.84 MHz TBD TBD
VIl dBm/3.84 MHz TBD TBD
IX dBm/3.84 MHz TBD TBD
XIX dBm/3.84 MHz TBD TBD

NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.

NOTE 2: For the UE which supports both Band 11l and Band 1X operating
frequencies, the reference level of TDB dBm TRS <REFio>
[average and min] shall apply for Band IX.

NOTE 3: Applicable for dual-mode GSM/UMTS.

NOTE 4: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFor> level of -98 dBm/3.84 MHz and max
<REFlor> level of -95 dBm/3.84 MHz shall apply for Band II.

NOTE 5: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -100 dBm/3.84 MHz and max
<REFlor> level of -97 dBm/3.84 MHz shall apply for Band IV.

The normative reference for thisclauseis TS 37.144 [12] Subclause 7.1.3.1.

7.1.7.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.
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7.1.7.4 Method of test

71741 Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup callsto the DUT. The
NB/BS simulator is aso used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.2-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for browsing mode specified in Subclause 4.3.4.
2) Set the SS downlink physical channels according to settingsin Table 7.1.7.4.1-1.
3) Power on the UE.

4) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.

Table 7.1.7.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec/DPCH_Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH_Ec =5dB
SCH SCH_Ec/DPCH_Ec=5dB
PICH PICH Ec/DPCH Ec =2dB
DPCH Test dependent power

7.1.7.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EIS is the power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 20000 or more bits, see Annex E.20.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
4) Measure the EISfor every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
5) Calculate TRS using equations from Subclause 7.1.7.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used in
the measurements. However to obtain TRS result the measured EI S figures shall be normalized by

AEIS= iZ(ElSstoli ~ ElSnstd,)

i=1

Where EISstd; is sensitivity measurement done with standard setting. ElShstd; is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.
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To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in a group of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.7.2.

7.1.7.4.3 Procedure, reverberation chamber method
TBD

7.1.75 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS reguirement specified in Table 7.1.7.5-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = lOI 0{6/(1039f1_|0w/10 + 10P|eﬂ_m|d /10 + 1OReﬂ_hlgh /10 + 10Pr|ght_luw/lo + 10Pnght_md /110 + 10Pr|ght_h|gh /110 j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.7.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIeft7I0w /10 1103eﬂ7m’d /10 ,1OPIeft7high /10 ’10Prigh:7|ow /10 ,10Pright7mid /10 ’10Pright7high /10 )J

Table 7.1.7.5-1: TRS minimum requirement for UTRA FDD roaming bands in hand phantom browsing
mode position

Operating band Unit <REFlor>
Average Max
| dBm/3.84 MHz TBD+TT TBD+TT
Il dBm/3.84 MHz TBD+TT TBD+TT
11 dBm/3.84 MHz TBD+TT TBD+TT
\Y dBm/3.84 MHz TBD+TT TBD+TT
V dBm/3.84 MHz TBD+TT TBD+TT
VI dBm/3.84 MHz TBD+TT TBD+TT
\ll dBm/3.84 MHz TBD+TT TBD+TT
Vil dBm/3.84 MHz TBD+TT TBD+TT
IX dBm/3.84 MHz TBD+TT TBD+TT
XIX dBm/3.84 MHz TBD+TT TBD+TT

NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.

NOTE 2: For the UE which supports both Band 11l and Band IX operating
frequencies, the reference level of TDB dBm TRS <REFiq>
[average and min] shall apply for Band IX.

NOTE 3: Applicable for dual-mode GSM/UMTS.

NOTE 4: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -98 dBm/3.84 MHz and max
<REFior> level of -95 dBm/3.84 MHz shall apply for Band II.

NOTE 5: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFlor> level of -100 dBm/3.84 MHz and max
<REFlor> level of -97 dBm/3.84 MHz shall apply for Band IV.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.
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7.1.8  Total Radiated Sensitivity (TRS) for UTRA LCR TDD in Browsing
Mode with Hand Phantom

Editor’s notes: This subclause isincomplete. The following itemsis missing or incompl ete:
- Table 7.1.8.2-1 and 7.1.8.5-1 as they are not specified in TS 37.144 yet

- Text for Subclause 7.1.8.4.3 Procedure, reverberation chamber method

7.18.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

4r

TRS =

§ 1 + 1 dQ
EIS,(Q; f) EIS,(Q; f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. &

and ¢ arethe orthogonal polarizations.

TRS = ZNM
N-1M 1] 1 1 _
2 + sin(6,)
n=0m=0 Elsﬁ(eniq)m; f) EIS¢(9n'¢)m; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The reguirements and this test apply to al types of UTRA for the TDD UE for Release 8 and later releases.

7.1.8.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS reguirement specified in Table 7.1.5.2-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = lOIOé{G/(loﬁ'eﬂ_mw/lo + 10F1eﬂ_m|d /10 T 10P|eﬂ_h|gh/10 T 10Pr|ght_|ow/lo + 10Pnght_md/lo + 10Pnght_h|gh/lo j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.8.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OF’|ef:Jow /10 1103517md /10 ,1OF’|ethigh /10 ’10Prigm7|ow /10 ,10Prigh:7mid /10 ’10Prighlihigh /10 )J
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Table 7.1.8.2-1: Handheld UE TRS minimum requirement for UTRA LCR TDD roaming bands in hand
phantom browsing mode position

Operating band Unit <REFlor>

Average Max
a dBm/1.28 MHz TBD TBD
b dBm/1.28 MHz TBD TBD
C dBm/1.28 MHz TBD TBD
d dBm/1.28 MHz TBD TBD
e dBm/1.28 MHz TBD TBD
f dBm/1.28 MHz TBD TBD

Note: Applicable for dual-mode GSM/UTRA LCR TDD.

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.3.2.

7.1.8.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.1.8.4 Method of test

7.1.8.4.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup callsto the DUT. The
NB/BS simulator is also used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.3-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.4.

2) Set the SS downlink physical channels according to settingsin Table 7.1.8.4.1-1. The DL power level should be
set to ensure 0% BER at 12.2kbps data rate at the whole 3D initial scan.

3) Power on the UE.

4) A cdl isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2.

5) Enter the UE into loopback test mode and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] and Annex C of TS 34.122 [8] for details regarding generic call setup procedure
and loopback test.
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Table 7.1.8.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75 dBm -

DwPCH DwPCH_Ec / lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH >PICH _Ec/lor -6 dB
FPACH FPACH_Ec / lor -6 dB
DL DPCH >DPCH_Ec/lor 0dB

7.1.8.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EISisthe power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 40000 or more bits, see Annex E.20. The DL power step size shall be no
bigger than 0.5dB when the RF level is near the TDD UE sensitivity level.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
4) Measurethe EISfor every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
5) Calculate TRS using equations from Subclause 7.1.8.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used
in the measurements. However to obtain TRS result the measured EIS figures shall be normalized by

AEIS= 1Z(ElSstdi ~ ElSnstd,)

=
Where EISstd, is sensitivity measurement done with standard setting. EIShstd, is sensitivity

measurement done with non standard settings. N isamount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).
The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.8.2.

7.1.8.4.3 Procedure, reverberation chamber method

TBD

7.1.85 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS reguirement specified in Table 7.1.8.5-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = 10|0{6/(1099n|ow/10 + loplef:imid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7mid/10 + 10Prigh:7high/10 J:|
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In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table 7.1.8.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og [max (10P|eﬂ_low /10 ,1OPIefl_mid /10 ,1OPIefl_high /10 ,10Pright_luw /10 ,10Pright_mid /10 ’10Prighl_high /10 )J

Table 7.1.8.5-1: TRS minimum requirement for UTRA LCR TDD roaming bands in hand phantom
browsing mode position

Operating band Unit <REFlor>
Average Max

a dBm/1.28 MHz | TBD+TT | TBD+TT
b dBm/1.28 MHz | TBD+TT | TBD+TT
[ dBm/1.28 MHz | TBD+TT | TBD+TT
d dBm/1.28 MHz | TBD+TT | TBD+TT
e dBm/1.28 MHz | TBD+TT | TBD+TT
f dBm/1.28 MHz | TBD+TT | TBD+TT

Note: Applicable for dual-mode GSM/UTRA LCR TDD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

7.1.9 Total Radiated Sensitivity (TRS) for E-UTRA FDD in Browsing Mode
with Hand Phantom

Editor’ s notes: This subclause isincomplete. The following itemsis missing or incompl ete:
- Table 7.1.9.2-1 and 7.1.9.5-1 as they are not specified in TS 37.144 yet

- Text for Subclause 7.1.9.4.3  Procedure, reverberation chamber method

7.19.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

TRS = d

§ 1 + 1 dQ
EIS,(Q; f) EIS,(Q; f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogonal polarizations.

TRS = 2NM
N-1M -1 1 1 . (9 )
/4 + an
nz;)r;) Elsﬁ(en'q)m; f) Els(p(eniq)m; f) "

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The requirements and this test apply to al types of LTE UEs independent of release.
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7.1.9.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS reguirement specified in Table 7.1.9.2-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TR%verage = 1O|Oé{6/(1oﬂeﬂ_|owllo + lopleft_mid /10 + 10PIefl_high/lO + 10Prigm_|uw/10 + 10Prigm_mid/10 + 10Prigm_high/1o j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.9.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7IcM/ /10 1]_03517mid /10 ,1OF’|ethigh /10 ’10Prigm7|ow /10 ,10Prigh:7mid /10 ’10Prigh17high /10 )J

Table 7.1.9.2-1: TRS minimum requirements for E-UTRA FDD roaming bands in hand phantom
browsing mode position

TBD

The normative reference for this clause is TS 37.144 [12] Subclause 7.1.3.3.

7.1.9.3 Test purpose

The purpose of thistest isto ensurethat TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.194 Method of test

7.194.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup callsto the DUT. The
NB/BS simulator is aso used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.4-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.4.
2) Power on the UE.

3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.4-2 for FDD mode. For DUTs
with more than one receiver port, all the tests should be performed using both (all) antenna ports simultaneously.

7.1.9.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 135 ETSI TS 137 544 V14.4.0 (2018-01)
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.1.9.1 to calculate
TRS.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Cadlculate the average and minimum TRS as per Subclause 7.1.9.2.

7.1.9.4.3 Procedure, reverberation chamber method

TBD

7.1.95 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.9.5-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = 10|0{6/(1039n|ow/10 + 1OPIef:7mid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7m'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.9.5-1. Maximum TRS requirement is shown in the column “Max” on the reguirement tables.

TRS mex = 10|Og [max (10P|eﬂ_low /10 ,1OPIefl_mid /10 ,1OPIefl_high /10 ’10Pright_luw /10 ,10Pright_mid /10 ’10Prighl_high /10 )J

Table 7.1.9.5-1: TRS minimum requirement for E-UTRA FDD roaming bands in hand phantom
browsing mode position

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

7.1.10 Total Radiated Sensitivity (TRS) for E-UTRA TDD in Browsing Mode
with Hand Phantom

Editor’ s notes: This subclause isincomplete. The following itemsis missing or incompl ete:
- Table 7.1.10.2-1 and 7.1.10.5-1 asthey are not specified in TS 37.144 yet

- Text for Subclause 7.1.10.4.3 Procedure, reverberation chamber method

7.1.10.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

4r

TRS =

1 1
§ + dQ
EIS,(Q; f)  EIS, (& f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6
and ¢ arethe orthogonal polarizations.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 136 ETSI TS 137 544 V14.4.0 (2018-01)

2NM

TRS =

)

N-1M -1 1 1 )
233 _— ~sin
n=0 m=0 Elsg(en#’m, f) EIS{p(en'q)m’ f)
Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement

angles. The sampling intervals are discussed further in Subclause 4.4.

The requirements and this test apply to al types of LTE UEs independent of release.

7.1.10.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.1.10.2- 1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = 10|0{6/(1099n|ow/10 + loplef:imid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7mid/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table7.1.10.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS mex = 10|Og [max (10P|eﬂ_low /10 ,1OPIefl_mid /10 ,1OPIefl_high /10 ’10Pright_luw /10 ,10Pright_mid /10 ’10Prighl_high /10 )J

Table 7.1.10.2-1: TRS minimum requirements for E-UTRA TDD roaming bands in hand phantom
browsing mode position

TBD

The normative reference for this clauseis TS 37.144 [12] Subclause 7.1.3.4.

7.1.10.3 Test purpose

The purpose of thistest isto ensurethat TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.1.10.4 Method of test

7.1.10.4.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup callsto the DUT. The
NB/BS simulator is also used to send test signals to the UE and measure the BER levels of the radio link and the
information on the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.2.
Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.5-2.
Positioning Requirements shall be the same as described in Subclause 4.3.
1) Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.4.
2) Power on the UE.
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3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.5-2 for TDD mode. For DUTSs
with more than one receiver port, all the tests should be performed using both (all) antenna ports simultaneoudly.

7.1.10.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.1.10.1 to calculate
TRS.

3) Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand
phantom for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.1.10.2.

7.1.10.4.3 Procedure, reverberation chamber method

TBD

7.1.10.5 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS reguirement specified in Table 7.1.10.5-1. For the hand phantom browsing mode position the averaging
shall be done in linear scale for the TRS results of both right and left hand phantom measurements. Average TRS
requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = 10|0{6/(1039n|ow/10 + 1OPIef:7mid /10 + 1ORef17high/lO + 1OF)righ17Iow/10 + 10Pright7m'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.1.10.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = lOIOg lmax (1OPIeft7I0w /10 110PIeft7n1'd /10 110PIeft7high /10 ’10Prigh:7Iow /10 110Pright7mid /10 ’loprightihigh /10 )J

Table 7.1.10.5-1: TRS minimum requirement for E-UTRA TDD roaming bands in hand phantom
browsing mode position

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for this test is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.

7.2 Performance for LME

7.2.1 Total Radiated Sensitivity (TRS) for UTRA FDD LME

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- Table 7.2.1.2-1 and 7.2.1.5-1 as they are not specified in TS 37.144 yet

- Text for Subclause 7.2.1.4.3  Procedure, reverberation chamber method
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7211 Definition and applicability
The Total Radiated Sensitivity is defined as:

4

TRS =

1 1
§ + dQ
EIS, (; f) EIS(/,(Q; f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such asthe

senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. &
and ¢ arethe orthogonal polarizations.

2NM

SpE 1 1 .
2303 + sin(4,)
o moo| EIS,(6,.¢.: T) ElSw(é?n,(Dm; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The requirements and this test apply to al types of UTRA for the FDD UE for Release 11 and later releases that support
LME.

NOTE: Thistest case can be optionally executed for Release 7 and onward UE’ s supporting LME feature.

7.21.2 Minimum Requirements

The average TRS of low, mid and high channel for 1% BER with 12.2kbps DL reference channel as defined in Annex
C.30of TS25.101 [2] shall be lower than minimum performance requirements for roaming bands shown in Table 7.2.1.2-
1. The averaging shall be donein linear scale for the TRS results.

1 1 1
TRSaverage =10l 0{7/( 10F?Dw/10 + 10Pm.d /10 + 10Ph|gh/10 ﬂ

In addition the maximum TRS of each measured channel shall be better than minimum performance requirements for
roaming bands shown in the columns “Max” on the requirement tables.

TRSmaX =10I og[max(lo'%w’ 10 ,lOP”‘id /10 ’10Phigh/10 )J
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Table 7.2.1.2-1: TRS minimum requirements for UTRA FDD roaming mode for LME devices in the data
transfers position and the primary mechanical mode

Operating Band Unit <REFlor>
Average Max
[ dBm/3.84 MHz TBD TBD
1 dBm/3.84 MHz TBD TBD
Il dBm/3.84 MHz TBD TBD
[\ dBm/3.84 MHz TBD TBD
V dBm/3.84 MHz TBD TBD
\i dBm/3.84 MHz TBD TBD
Vil dBm/3.84 MHz TBD TBD
VI dBm/3.84 MHz TBD TBD
IX dBm/3.84 MHz TBD TBD
IX dBm/3.84 MHz TBD TBD
NOTE 1 For Power Class 3, 3bis and 4 this shall be achieved at the
maximum output power.
NOTE 2 Applicable for dual-mode GSM/UMTS.
NOTE 3 Applicable for USB plug-in devices.

The normative reference for this clauseis TS 37.144 [12] Subclause 7.2.2.

7.2.1.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.21.4 Method of test

72141 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is also used to send test signalsto the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.3.

Test environment: normal; see TS 36.508 [10] Subclause 4.1.1.

Freguenciesto be tested: low range, mid range, high range; see Table 5.1-2.

Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the plug-in UE according to the DUT positioning on laptop ground plane phantom specified in
Subclause 4.3.2.

2) Set the SSdownlink physical channels according to settingsin Table 7.2.1.4.1-1.
3) Power on the plug-in UE. The real functional laptop supplies power to the plug-in UE.

4) A cal isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.
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Table 7.2.1.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH_Ec/DPCH_Ec 7 dB
P-CCPCH P-CCPCH_Ec/ DPCH_Ec 5dB
SCH SCH_Ec/DPCH Ec 5dB
PICH PICH Ec/DPCH _Ec 2dB
DPCH Test dependent power -

7.21.4.2 Procedure
1) Send continuously Up power control commands to the plug-in UE.
2) Asthe plug-in UE reaches maximum power, start sending PN15 data pattern.

3) Position the plug-in UE into the USB connector in accordance with the manufacturer recommended primary
mechanical mode. In the absence of such a recommendation position the plug-in UE so that it is horizontally
plugged into the horizontal USB connector.

4) Measure EIS from one measurement point. EIS is the power transmitted from one specific direction to the plug-
in UE causing BER value of 1% * 0.2% using 20000 or more bits; see Annex E.20.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
5) Measure the EIS for every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
6) Calculate TRS using equations from clause 7.2.1.1

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used
in the measurements. However to obtain TRS result the measured EI S figures shall be normalized by

AEIS= 1Z(ElSstdi ~ ElSnstd,)

i=1

Where EISstd; is sensitivity measurement done with standard setting. ElShstd; is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sensitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See
Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.2.1.2.

7.21.4.3 Test procedure, reverberation chamber method
TBD

7215 Test requirements
The average TRS of low, mid and high channel for 1% BER with 12.2kbps DL reference channel as defined in Annex

C.3 of TS 25.101 [2] shall be lower than test requirements for roaming bands shown in Table 7.2.1.5-1. The averaging
shall be donein linear scale for the TRS resullts.

1 1 1
TRSaverage =10l 0{7/( 10F?Dw/10 + 10Pm.d /10 + 10Ph|gh/10 ﬂ
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In addition the maximum TRS of each measured channel shall be better than minimum performance requirements for
roaming bands shown in the columns “Max” on the requirement tables.

TRSmaX =10I og[max(lo'%w’ 10 ,lOPmid /10 ’10Phigh/10 )J

Table 7.2.1.5-1: TRS test requirements for UTRA FDD roaming mode for LME devices in the data
transfers position and the primary mechanical mode

Operating Band Unit <REFlor>
Average Max
| dBm/3.84 MHz TBD+TT TBD +TT
Il dBm/3.84 MHz TBD + TT TBD +TT
11 dBm/3.84 MHz TBD+TT TBD+TT
v dBm/3.84 MHz TBD + TT TBD+TT
V dBm/3.84 MHz TBD+TT TBD+TT
VI dBm/3.84 MHz TBD + TT TBD+TT
\ll dBm/3.84 MHz TBD +TT TBD +TT
\lll dBm/3.84 MHz TBD+TT TBD+TT
IX dBm/3.84 MHz TBD + TT TBD+TT
XIX dBm/3.84 MHz TBD + TT TBD+TT
NOTE 1 For Power Class 3, 3bis and 4 this shall be achieved at the
maximum output power.
NOTE 2 Applicable for dual-mode GSM/UMTS.
NOTE 3 Applicable for USB plug-in devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance
applied for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of
how the Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.2.

7.2.2 Total Radiated Sensitivity (TRS) for UTRA LCR TDD LME
Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
e Table7.2.2.2-1and 7.2.2.5-1 asthey are not specified in TS 37.144 yet

e Textfor Subclause 7.2.2.4.3  Procedure, reverberation chamber method

7221 Definition and applicability
The Total Radiated Sensitivity is defined as:

TRS = ar

§ 1 4 1
EIS, (Q; f) EIS(/,(Q; f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. &
and ¢ arethe orthogonal polarizations.

2NM

N-1M - 1 1 .
233 + sin(8,)
om0l EIS,(6,.¢.: T) ElSw(ﬁn,(Dm; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.
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The requirements and this test apply to al types of UTRA for the TDD UE for Release 11 and later releases that support
LME.

NOTE: Thistest case can be optionally executed for Release 7 and onward UE’ s supporting LME feature.

7.2.2.2 Minimum Requirements

The average TRS of low, mid and high channel for 1% BER with 12.2kbps DL reference channel as defined in Annex
C.3 of TS34.122 [8] shall be lower than minimum performance requirements for roaming bands shown in Table 7.2.2.2-
1. The averaging shall be done in linear scale for the TRS resullts.

1 1 1
TRSaverage =10l 0{7/( 10F?Dw/10 + 10Pm.d /10 + 10Ph|gh/10 ﬂ

In addition the maximum TRS of each measured channel shall be better than minimum performance requirements for
roaming bands shown in the columns “Max” on the requirement tables.

TRS,, =10l og[max(lop'ow’lo 10Pna /10 ’10Phigh/1o )J

Table 7.2.2.2-1: TRS minimum requirements for UTRA LCR TDD roaming mode for LME devices in the
data transfers position and the primary mechanical mode

Operating Band Unit <REFlor>

- - Average Max
a dBm/1.28 MHz TBD TBD
b dBm/1.28 MHz TBD TBD
c dBm/1.28 MHz TBD TBD
d dBm/1.28 MHz TBD TBD
e dBm/1.28 MHz TBD TBD
f dBm/1.28 MHz TBD TBD

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for USB plug-in devices.

The normative reference for this clauseis TS 37.144 [12] section 7.2.3.

7.2.2.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS, , of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.22.4 Method of test

72241 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is also used to send test signals to the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.

Frequenciesto be tested: low range, mid range, high range; see Table 5.2-2.

Positioning Requirements shall be the same as described in Subclause 4.3.
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1) Position the plug-in UE according to the DUT positioning on laptop ground plane phantom specified in
Subclause 4.3.2.
2) Set the SSdownlink physical channels according to settingsin Table 7.2.2.4.1-1.
3) Power on the plug-in UE. The real functional laptop supplies power to the plug-in UE.

4) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] and Annex C of TS 34.122 [8] for details regarding generic call setup procedure
and loopback test.

Table 6.7.2: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75 dBm -

DwPCH DwPCH_Ec/ lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH SPICH_Ec/ lor -6 dB
FPACH FPACH Ec/ lor -6 dB
DL DPCH SDPCH_Ec/ lor 0dB

7.2.2.4.2 Procedure
1) Send continuously Up power control commands to the plug-in UE.
2) Asthe plug-in UE reaches maximum power, start sending PN15 data pattern.

3) Position the plug-in UE into the USB connector in accordance with the manufacturer recommended primary
mechanical mode. In the absence of such a recommendation position the plug-in UE so that it is horizontally
plugged into the horizontal USB connector.

4) Measure EIS from one measurement point. EISisthe power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 40000 or more bits; see Annex E.20. The DL power step size shall be no
bigger than 0.5dB when the RF level is near the TDD UE sensitivity level.

NOTE: Tomeet BER valuetarget DL power level can be changed using user’s freely selectable algorithm.
5) Measure the EIS for every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
6) Calculate TRS using equations from Subclause 7.2.2.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used
in the measurements. However to obtain TRS result the measured EI S figures shall be normalized by

AEIS= 1Z(ElSstdi ~ ElSnstd,)

i=1
Where EISstd; is sensitivity measurement done with standard setting. ElShstd; is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sensitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
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and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See
Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.2.2.2.

72243 Test procedure, reverberation chamber method
TBD

7.2.25 Test requirements

The average TRS of low, mid and high channel for 1% BER with 12.2kbps DL reference channel as defined in Annex
C.3 of TS 34.122 [8] shall be lower than test requirements for roaming bands shown in Table 7.2.2.5-1. The averaging
shall be donein linear scale for the TRS resullts.

1 1 1
TRSaverage = 10' 0{%(1030‘”/10 + 10Pmid/10 + 1OR1igh/10 j:|

In addition the maximum TRS of each measured channel shall be better than minimum performance requirements for
roaming bands shown in the columns “Max” on the requirement tables.

TRS,, =10l og[max(lop'ow’lo 10Pne /10 ’10Phigh/1o )J

Table 7.2.2.5-1: TRS test requirements for UTRA LCR TDD roaming mode for LME devices in the data
transfers position and the primary mechanical mode

Operating Band Unit <REFlor>

- - Average Max
a dBm/1.28 MHz TBD +TT TBD +TT
b dBm/1.28 MHz TBD +TT TBD +TT
[ dBm/1.28 MHz TBD+TT TBD +TT
d dBm/1.28 MHz TBD+ TT TBD+TT
e dBm/1.28 MHz TBD+ TT TBD+TT
f dBm/1.28 MHz TBD+TT TBD+TT

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for USB plug-in devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for
this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement
has been relaxed by the Test Toleranceis given in Annex D.2.

7.2.3 Total Radiated Sensitivity (TRS) for E-UTRA FDD LME

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
- Table 7.2.3.2-1 and 7.2.3.5-1 as they are not specified in TS 37.144 yet
- Text for Subclause 7.2.3.4.3  Procedure, reverberation chamber method

- Applicability

7.23.1 Definition and applicability
The Total Radiated Sensitivity is defined as:
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4

TRS =

1 1
§ + dQ
EIS,(©; f)  EIS,(Q; f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6
and ¢ arethe orthogonal polarizations.

2NM

N-1M - 1 1 .
Y. + sin(4,)
n=0 m=0 EISe(en’¢m; f) EIS¢(9n’¢m; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement

TRS =

angles. The sampling intervals are discussed further in Subclause 4.4.

[Applicability is TBD]

7.2.3.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.2.3.2-1. The averaging shall be donein linear scale for the TRS resullts.
Average TRS requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = 10'0{6/(103(!!@/\//10 + lopleftimid /10 + 1OReﬂihigh/lO + 1OF)righ17I(>\N/10 + 10Prighl7m'd/10 + 10Prighl7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.2.3.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7Icwv /10 ,10P|efLmid /10 ,1OF’|ethigh /10 ’10Prigh17I0w /10 ’10Prigh17mid /10 ,10Prigh:7high /10 )J

Table 7.2.3.2-1: TRS minimum performance requirement for E-UTRA FDD roaming mode for LME
devices in the data transfers position and the primary mechanical mode

TBD

The normative reference for this clause is TS 37.144 [12] Subclause 7.2.4.

7.2.3.3 Test purpose

The purpose of thistest isto ensurethat TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.2.3.4 Method of test

7.23.4.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is aso used to send test signalsto the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.3.
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Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.3-2.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the plug-in UE according to the DUT positioning on laptop ground plane phantom specified in
Subclause 4.3.2.

2) Power on the plug-in UE. The real functional laptop supplies power to the plug-in UE.

3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-2 for FDD mode. For DUTs
with more than one receiver port, all the tests should be performed using both (all) antenna ports simultaneoudly.

7.23.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.2.3.1 to calculate
TRS.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.2.3.2.

7.2.3.4.3 Procedure, reverberation chamber method

TBD

7.2.35 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.2.3.5-1. The averaging shall be donein linear scale for the TRS results.
Average TRS requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TRSaverage = 1O|Oé{6/(1oﬂeﬂ_|ow/lo + lopleft_mid /10 + 10PIefl_high/lO + 10Prigm_|uw/10 + 10Prigm_mid/10 + 10Prigm_high/1o j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.2.3.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7Icwv /10 ,10P|efLmid /10 ,1OF’|ethigh /10 ’10Prigh17I0w /10 ’10Prigh17mid /10 ,10Prigh:7high /10 )J

Table 7.2.3.5-1: TRS minimum requirement for E-UTRA FDD roaming mode for LME devices in the
data transfers position and the primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.2.

7.2.4 Total Radiated Sensitivity (TRS) for E-UTRA TDD LME

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
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- Table 7.2.4.2-1 and 7.2.4.5-1 as they are not specified in TS 37.144 yet
- Text for Subclause 7.2.4.4.3  Procedure, reverberation chamber method

- Applicability

7.24.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

TRS = ar

1 1
§ + dQ
EIS,(Q; f) EIS,(Q; f)
Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the

sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6
and ¢ arethe orthogonal polarizations.

2NM

SpE 1 1 .
233 + sin(6,)
S EIS, (6,0 ) EIS, (6,00 T)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @,, arethe measurement

TRS =

angles. The sampling intervals are discussed further in Subclause 4.4.

[Applicability is TBD]

7.24.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.2.4.2-1. The averaging shall be donein linear scale for the TRS results.
Average TRS requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TRSavefage = 1O|Oé{6/(1oﬂeﬂ_mw/10 + 10P|eﬂ_mid/10 + 1OPIeft_high/lO + 1OPrigm_|ow/10 + 10Prigm_mid/10 + 10Prigm_high/10 j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.2.4.2-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRSmax = 10| Oglmax(loﬂefuow/lo 110P|eft7mid /10 ’lOPIeftihigh /10 ’10Pright7|0w/10 ’lOPrightimid /10 ’lOPrigthigh /10 )J

Table 7.2.4.2-1: TRS minimum performance requirement for E-UTRA TDD roaming mode for LME
devices in the data transfers position and the primary mechanical mode

TBD

The normative reference for this clause is TS 37.144 [12] Subclause 7.2.5.

7.2.4.3 Test purpose

The purpose of thistest isto ensurethat TRS, ., and TRS, , of the UE is above specified limit. Thelack of the
reception sensitivity decreases the coverage area at the far side from Node B.
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7.24.4 Method of test

72441 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is also used to send test signalsto the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.
Phantom Specifications shall be the same as described in Subclause A.2.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.

Freguenciesto be tested: low range, mid range, high range; see Table 5.4-2.

Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the plug-in UE according to the DUT positioning on laptop ground plane phantom specified in
Subclause 4.3.2.

2) Power on the plug-in UE. The real functional laptop supplies power to the plug-in UE.

3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.5-2 for TDD mode. For DUTSs
with more than one receiver port, all the tests should be performed using both (all) antenna ports simultaneoudly.

7.24.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.2.4.1 to calculate
TRS.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.2.4.2.

7.2.4.4.3 Procedure, reverberation chamber method

TBD

7.245 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.2.4.5-1. The averaging shall be donein linear scale for the TRS resullts.
Average TRS requirement is shown in the column “Average” on the requirement tables.

1 1 1 1 1 1
TRSava'age = 1O|Oé{6/(1oﬂeﬂ_|uw/10 + 10P|en_mid/10 + 10P|eft_high/lo + 10Prigm_|ow/10 + 10Prigm_mid/10 + 10Prigm_high/10 j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.2.4.5-1. Maximum TRS requirement is shown in the column “Max” on the requirement tables.

TRSmax = 10l Oglmax(loﬂeﬂ_low/lo 110P|eft_mid /10 ’lOPIeft_high /10 ’10Pright_lcyw/10 ’lOPright_mid /10 ’lOPright_high /10 )J
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Table 7.2.4.5-1: TRS minimum requirement for E-UTRA TDD roaming mode for LME devices in the
data transfers position and the primary mechanical mode

TBD

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceisgivenin Annex D.2.

7.3 Performance for LEE

7.3.1  Total Radiated Sensitivity (TRS) for UTRA FDD LEE
Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
e Table7.3.1.2-1and 7.3.1.5-1 asthey are not specified in TS 37.144 yet

e Applicability

7.31.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

TRS = ar

§ 1 + 1 dQ
EIS,(Q; f) EIS,(Q; f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogonal polarizations.

TRS ~ N-1M -1 =
3y SN 1 sin(6,)
n=0 m=0 Elsa(en’¢m; f) Els(p(en’¢m; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment within
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesa BER
that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.

Y (€0~ R, Pres )j_l

TRS = 2N (1

N

Z Pref,n

n=1

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in
AnnexB.2. P is calculated by using the following equation:

thres,n
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o 1
) Dty
thres
m=1 ‘ S21,n,m
P

thres,n =
M

where thlrff m 1Ssthe m:ith value of the transfer function for fixed measurement antenna n, which givesthe BER

threshold. M isthe total number of values of the BER threshold power measured for each fixed measurement antenna.

[Applicability is TBD]

7.3.1.2 Minimum Requirements

The average TRS of low, mid and high channel of the LEE in the data transfers position for 1% BER with 12.2kbps DL
reference channel as defined in Annex C.3 of TS25.101 [2] shall be lower than minimum performance requirements for
roaming bands shown in Table 7.3.1.2-1 for notebook devices and in Table 7.3.1.2-2 for tablet devices. The averaging
shall be donein linear scale for the TRS resullts.

1 1 1
TRSaverage =10l Oé{%( 1QFov/10 + 1QFna/10 + 1,0Pien/10 ﬂ

In addition the maximum TRS of each measured channel in the data transfers position shall be better than minimum
performance requirements for roaming bands shown in the columns “Max”.

TF{SMX =10I og[max(loﬂow/lo ,lOPmid /10 110Phigh/1o )J

Table 7.3.1.2-1: TRS minimum requirements for UTRA FDD roaming mode for notebook devices in
the data transfers position and the primary mechanical mode

Operating band Unit <REFlor>
Average Max
| dBm/3.84 MHz -103.5 -102.0
Il dBm/3.84 MHz TBD TBD
Il dBm/3.84 MHz TBD TBD
W% dBm/3.84 MHz TBD TBD
V dBm/3.84 MHz TBD TBD
\i dBm/3.84 MHz -101.5 -99.5
VIl dBm/3.84 MHz TBD TBD
Vil dBm/3.84 MHz -101.5 -99.5
IX dBm/3.84 MHz TBD TBD
XIX dBm/3.84 MHz -101.5 -99.5
NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.
NOTE 2: Applicable for dual-mode GSM/UMTS.
NOTE 3: Applicable for notebook devices.

NOTE: TRS minimum performance requirementsin Table 7.3.1.2-1 apply to HSPA and LTE UEs supporting only
single carrier operation. Their applicability to multi-carrier operation is FFS. Thisis because it has not been verified
whether the UEs measured to derive the requirements supported carrier aggregation or not.
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Table 7.3.1.2-2: TRS minimum requirements for UTRA FDD roaming mode for tablet devices in the
data transfers position and the primary mechanical mode

Operating band Unit <REFlor>
Average Max
[ dBm/3.84 MHz -105.75 104.25
Il dBm/3.84 MHz TBD TBD
Il dBm/3.84 MHz TBD TBD
[\ dBm/3.84 MHz TBD TBD
V dBm/3.84 MHz -103.0 101.0
Vi dBm/3.84 MHz TBD TBD
Vil dBm/3.84 MHz TBD TBD
VI dBm/3.84 MHz TBD TBD
IX dBm/3.84 MHz TBD TBD
XIX dBm/3.84 MHz -103.0 101.0
NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.
NOTE 2: Applicable for dual-mode GSM/UMTS.
NOTE 3: Applicable for tablet devices with two antennas.

The normative reference for this clauseis TS 37.144 [12] Subclause 7.3.2.

7.3.1.3 Test purpose

The purpose of thistest isto ensurethat TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7314 Method of test

73141 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is also used to send test signalsto the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.4. Parameters required for Notebooks are
specified in Annex A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.1-2.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for devices with embedded modules specified in Subclause
4.3.5.

2) Set the SSdownlink physical channels according to settingsin Table 7.3.1.4.1-1.
3) Power on the UE.

4) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] for details regarding generic call setup procedure and loopback test.
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Table 7.3.1.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power
CPICH CPICH Ec/DPCH Ec =7dB
P-CCPCH P-CCPCH_Ec/DPCH_Ec =5dB
SCH SCH_Ec/DPCH Ec=5dB
PICH PICH Ec/DPCH Ec =2dB
DPCH Test dependent power

7.3.1.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EIS is the power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 20000 or more hits; see Annex E.20.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
4) Measure the EISfor every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
5) Calculate TRS using equations from Subclause 7.3.1.1.

NOTE: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used in
the measurements. However to obtain TRS result the measured EI S figures shall be normalized by

1 n
AEIS==Y (EISstd, — EISnstd, )
i=1
Where EISstd; is sensitivity measurement done with standard setting, ElShstd, is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in a group of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.3.1.2.

7.3.1.4.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.
3) Set the base station simulator to a specific output power and perform a BER measurement.

4) Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is
found that gives a BER value of 1% + 0.2% using 20000 or more bits, see Annex E.20. This corresponds to

h 2
St -

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
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2
5) Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of ‘Sé'lr?m‘ has been
measured.
7) Calculate TRS using equations from chapter 7.3.1.1.

NOTE 1: The measurement procedure is based on samples of the received signal power at the UE/MS from afull 3
dimensional isotropic environment with uniform elevation and azimuth field distribution. The power
received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRS value.

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.3.1.2.

7.3.15 Test requirements

The average TRS of low, mid and high channel in the data transfers position for 1% BER with 12.2kbps DL reference
channel asdefined in Annex C.3 of TS 25.101 [2] shall be lower than test requirements for roaming bands shown in Table
7.3.1.5-1 for notebook devices and in Table 7.3.1.5-2 for tablet devices. The averaging shall be done in linear scale for

the TRS results.
1 1 1
TRS&V@faQe =10l 0{7/(103%/10 + 10Pmid /10 + 10Phigh/10 J:|

In addition the maximum TRS of each measured channel in the data transfers position shall be better than minimum
performance requirements for roaming bands shown in the columns “Max”.

TF{SMX =10I og[max(loﬂow/lo ,lOPmid /10 110Phigh/1o )J

Table 7.3.1.5-1: TRS test requirements for UTRA FDD roaming mode for notebook devices in the data
transfers position and the primary mechanical mode

Operating band Unit <REFlor>
Average Max
| dBm/3.84 MHz -103.5+TT TBD+TT
Il dBm/3.84 MHz TBD+TT TBD+TT
Il dBm/3.84 MHz TBD+TT TBD+TT
\% dBm/3.84 MHz TBD+TT TBD+TT
V dBm/3.84 MHz TBD+TT TBD+TT
\i dBm/3.84 MHz -101.5+TT TBD+TT
Vi dBm/3.84 MHz TBD+TT TBD+TT
VIl dBm/3.84 MHz -101.5+TT TBD+TT
IX dBm/3.84 MHz TBD+TT TBD+TT
XIX dBm/3.84 MHz -101.5+TT TBD+TT
NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.
NOTE 2: Applicable for dual-mode GSM/UMTS.
NOTE 3: Applicable for notebook devices.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.
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Table 7.3.1.5-2: TRS test requirements for UTRA FDD roaming mode for tablet devices in the data
transfers position and the primary mechanical mode

Operating band Unit <REFlor>
Average Max
| dBm/3.84 MHz -105.75+TT 104.25+TT
1 dBm/3.84 MHz TBD+TT TBD+TT
Il dBm/3.84 MHz TBD+TT TBD+TT
W% dBm/3.84 MHz TBD+TT TBD+TT
V dBm/3.84 MHz -103.0+TT 101.0+TT
VI dBm/3.84 MHz TBD+TT TBD+TT
Vi dBm/3.84 MHz TBD+TT TBD+TT
VIl dBm/3.84 MHz TBD+TT TBD+TT
IX dBm/3.84 MHz TBD+TT TBD+TT
XIX dBm/3.84 MHz -103.0+TT 101.0+TT
NOTE 1: For power class 3, 3bis and 4 this shall be achieved at the
maximum output power.
NOTE 2: Applicable for dual-mode GSM/UMTS.
NOTE 3: Applicable for tablet devices with two antennas.

NOTE: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

7.3.2  Total Radiated Sensitivity (TRS) for UTRA LCR TDD LEE
Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
e Table7.3.2.2-1and 7.3.2.5-1 as they are not specified in TS 37.144 yet
e Textfor Subclause 7.3.2.4.3  Procedure, reverberation chamber method

o Applicability

7.3.2.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

A

TRS =

§ 1 + 1 dQ
EIS, (Q; f) EISw(Q; f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogonal polarizations.

2NM

TRS =

N-1M— 1 1 _
233 + sin(6,)
n=0 m=0 EISH(9n7¢m; f) EIS¢(6n7¢m; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can a'so be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesa BER
that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.
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3 (C,0- R, Pres )jl

TRS = 2N [1

M=z

P

,n

1l
uN

n

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in

Annex B.2. P, , iscaculated by using the following equation:
i 1
2
S
Pthres,n = M

where S;hlrff o isthe m:ith value of the transfer function for fixed measurement antenna n, which givesthe BER

threshold. M isthe total number of values of the BER threshold power measured for each fixed measurement antenna.

[Applicability is TBD]

7.3.2.2 Minimum Requirements

The average TRS of low, mid and high channel of the LEE in the data transfers position for 1% BER with 12.2kbps DL
reference channel as defined in Annex C.3 of TS34.122 [8] shall be lower than minimum performance requirements for
roaming bands shown in Table 7.3.2.2-1 for notebook devices and in Table 7.3.2.2-2 for tablet devices. The averaging
shall be donein linear scale for the TRS resullts.

1 1 1
TRSaverage =10l Oé{ﬁ/( 10710 + 1QPma/10 + 10Ph,gh/10 ﬂ

In addition the maximum TRS of each measured channel in the data transfers position shall be better than minimum
performance requirements for roaming bands shown in the columns “Max”.

TF{SmX =10I og[max(lo'%w’lo ’10Pmid /10 ’10Phigh/1o )J

Table 7.3.2.2-1: TRS minimum requirements for UTRA LCR TDD roaming mode for notebook devices
in the data transfers position and the primary mechanical mode

Operating Band Unit <REFlor>

- - Average Max
a dBm/1.28 MHz TBD TBD
b dBm/1.28 MHz TBD TBD
c dBm/1.28 MHz TBD TBD
d dBm/1.28 MHz TBD TBD
e dBm/1.28 MHz TBD TBD
f dBm/1.28 MHz TBD TBD

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.
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Table 7.3.2.2-1: TRS minimum requirements for UTRA LCR TDD roaming mode for tablet devices in
the data transfers position and the primary mechanical mode

Operating Band Unit <REFlor>

- - Average Max
a dBm/1.28 MHz TBD TBD
b dBm/1.28 MHz TBD TBD
C dBm/1.28 MHz TBD TBD
d dBm/1.28 MHz TBD TBD
e dBm/1.28 MHz TBD TBD
f dBm/1.28 MHz TBD TBD

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.

The normative reference for this clause is TS 37.144 [12] Subclause 7.3.3.

7.3.2.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.3.2.4 Method of test

7.3.24.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is aso used to send test signalsto the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.4. Parameters required for Notebooks are
specified in Annex A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.2-2.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for devices with embedded modules specified in Subclause
4.3.5.

2) Set the SS downlink physical channels according to settingsin Table 7.3.2.4.1-1.
3) Power on the UE.

4) A call isset up according to the Generic call setup procedure. The power control algorithm shall be set to Power
Control Algorithm 2. Compressed mode shall be set to OFF.

5) Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [4] and TS 34.109 [5] and Annex C of TS 34.122 [8] for details regarding generic call setup procedure
and loopback test.
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Table 7.3.2.4.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel Power

lor -75 dBm -

DwPCH DwWPCH_Ec / lor 0dB
PCCPCH >P-CCPCH_Ec/ lor -3dB
SCCPCH >S-CCPCH_Ec/ lor -6 dB
PICH >PICH _Ec/lor -6 dB
FPACH FPACH_Ec/ lor -6 dB
DL DPCH >DPCH_Ec/ lor 0dB

7.3.2.4.2 Procedure
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.

3) Measure EIS from one measurement point. EISisthe power transmitted from one specific direction to the UE
causing BER value of 1% =+ 0.2% using 40000 or more bits; see Annex E.20. The DL power step size shall be no
bigger than 0.5dB when the RF level is near the TDD UE sensitivity level.

NOTE 1: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
4) Measurethe EISfor every direction of selected sampling gird using two orthogonal polarizationsto obtain TRS.
5) Calculate TRS using equations from Subclause 7.3.2.1.

NOTE 2: To speed up sensitivity measurements non standard setting (i.e. data speed, PCL, BER target) can be used
in the measurements. However to obtain TRS result the measured EIS figures shall be normalized by

- 1 n
AEIS==) (EISstd, — EISnstd, )
i=1
Where EISstd; is sensitivity measurement done with standard setting, ElShstd; is sensitivity measurement done
with non standard settings. N is amount of reference measurement points.

To ensure accuracy of TRS, the amount of reference points measured should be at least 4. It is recommended to spread
the reference measurements equally during the measurement time.

The measurement procedure is based on the measurement of the spherical sensitivity pattern of the DUT. The
sengitivity values of the DUT at a predefined BER level are sampled in far field in agroup of pointslocated on a
spherical surface enclosing the DUT. The EIS samples are taken using a constant sample step of 30° both in theta (6)
and phi (¢) directions. All the EIS samples are taken with two orthogonal polarizations, 6 - and ¢ -polarisations (See

Subclause 4.4).

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.3.2.2.

7.3.24.3 Procedure, reverberation chamber method
1) Send continuously Up power control commands to the UE.
2) Asthe UE reaches maximum power, start sending PN15 data pattern.
3) Set the base station simulator to a specific output power and perform a BER measurement.

4) Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is
found that gives a BER value of 1% =+ 0.2% using 20000 or more hits, see Annex E.20. This corresponds to

h 2
‘Sélrr?m‘ '

NOTE 1: To meet BER value target DL power level can be changed using user’s freely selectable algorithm.
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2
5) Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of ‘Sé'lr?m‘ has been
measured.

6)
7) Calculate TRS using equations from chapter 7.3.2.1.

NOTE 2: The measurement procedure is based on samples of the received signal power at the UE/MS from afull 3
dimensional isotropic environment with uniform elevation and azimuth field distribution. The power
received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement
antennas. Moreover, it isimportant that the samples collected are independent, in order to get sufficient
accuracy of the estimated TRS value.

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.3.2.2.

7.3.25 Test requirements

The average TRS of low, mid and high channel for 1% BER with 12.2kbps DL reference channel as defined in Annex
C.3 of TS 34.122 [8] shall be lower than test requirements for roaming bands shown in Table 7.3.2.5-1 for notebook
devicesand Table 7.3.2.5-2 for tablet devices. The averaging shall be done in linear scale for the TRS results.

1 1 1
TRSaverage =10l Oé{ﬁ/(loﬁwlm T 10Pmid/10 + 10Phigh/10 j:|

In addition the maximum TRS of each measured channel shall be better than minimum performance requirements for
roaming bands shown in the columns “Max”.

TRS,, =10l og[max(lop'ow’lo 10Pna /10 ’10Phigh/1o )J

Table 7.3.2.5-1: TRS test requirements for UTRA LCR TDD roaming mode for notebook devices in the
data transfers position and the primary mechanical mode

Operating Band Unit <REFlor>
Average Max

a dBm/1.28 MHz TBD +TT TBD +TT
b dBm/1.28 MHz TBD +TT TBD +TT
C dBm/1.28 MHz TBD +TT TBD +TT
d dBm/1.28 MHz TBD +TT TBD +TT
e dBm/1.28 MHz TBD +TT TBD +TT
f dBm/1.28 MHz TBD +TT TBD +TT

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.

NOTE 1: If the above Test Regquirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.
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Table 7.3.2.5-2: TRS test requirements for UTRA LCR TDD roaming mode for tablet devices in the
data transfers position and the primary mechanical mode

Operating Band Unit <REFlor>
Average Max

a dBm/1.28 MHz TBD +TT TBD +TT
b dBm/1.28 MHz TBD +TT TBD +TT
C dBm/1.28 MHz TBD +TT TBD +TT
d dBm/1.28 MHz TBD +TT TBD +TT
e dBm/1.28 MHz TBD +TT TBD +TT
f dBm/1.28 MHz TBD +TT TBD +TT

NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.

NOTE 2: If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied
for thistest is non-zero. The Test Tolerance for thistest is defined and the explanation of how the
Minimum Requirement has been relaxed by the Test Toleranceis givenin Annex D.

7.3.3  Total Radiated Sensitivity (TRS) for E-UTRA FDD LEE
Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:
e Table7.3.3.2-1and 7.3.3.5-1 as they are not specified in TS 37.144 yet

o Applicability

7.3.3.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

A

TRS =

§ 1 + 1 dQ
EIS,(Q; f) EIS,(Q;f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
sensitivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogona polarizations.

2NM

ﬂNZlMZ 1 + 1 sin(6,)
n=0 m=0 Elsﬁ(9n1¢m; f) Engo(en!(Dm; f)

Inthese formulas N and M are the number of sampling intervals for theta and phi. 6, and @, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can a'so be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesa BER
that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.
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3 (C,0- R, Pres )jl

TRS= 2N [1

P

,n

M=z

1l
uN

n

where P | isthe reference power transfer function for fixed measurement antennan, R, isthe reflection coefficient

for fixed measurement antennan and C, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in
Annex B.2. P is calculated by using the following equation:

thres,n
M 1
) Dty
thres
P m=1 ‘ S21,n,m
thres,n —
M

where S;hlrff o isthe m:ith value of the transfer function for fixed measurement antenna n, which givesthe BER

threshold. M isthe total number of values of the BER threshold power measured for each fixed measurement antenna.

[Applicability is TBD]

7.3.3.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.3.3.2-1 for notebook devices and in Table 7.3.3.2-2 for tablet devices.
The averaging shall be done in linear scale for the TRS results of both right and |eft side of the phantom head. Average
TRS requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TR%verage = 1O|Oé{6/(1oﬂen_|ow/lo + 10P|eft_m|d/10 + 1OPIeft_h|gh/lO + 10Pngm_|ow/10 + 10Pnght_md/10 + 10Pnght_h|gh/10 j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.3.3.2-1 for notebook devices and in Table 7.3.3.2-2 for tablet devices. Maximum TRS requirement is shown in
the column “Max” on the requirement tables.

TRS max = lolog lmax (1OPIeft7I0w /10 110PIeft7n1'd /10 1lopleft7high /10 ’10Prigh:7|ow /10 110Pright7mid /10 ’loprightihigh /10 )J

Table 7.3.3.2-1: TRS minimum performance requirement for E-UTRA FDD roaming mode for notebook
devices in the data transfers position and the primary mechanical mode

TBD

LEE TRS minimum performance requirements for E-UTRA FDD in data transfer position mode for throughput > 95%
of the maximum throughput of the reference measurement channels as specified in section 7.3 of [11] and Annex A of
[11] are defined in Table 7.3.3.2-2 for Tablet devices.
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Table 7.3.3.2-2: TRS minimum performance requirement for E-UTRA FDD roaming mode for tablet
devices in the data transfers position and the primary mechanical mode

Operating band |Channel bandwidth Sensitivity (dBm)
Average Max
1 10 MHz -93.75 -92.25
2 10 MHz
3 10 MHz -95.0 -93.5
4 10 MHz
5 10 MHz
7 10 MHz -93.5 -92.0
8 10 MHz
12 10 MHz
13 10 MHz
19 10 MHz -91.5 -89.5
20 10 MHz -92.5 -90.5
21 15 MHz -90.0 -88.5
28 10 MHz
32 10 MHz
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicability for devices supporting CDMA or aggregated carriers
(e.g. multi-carrier HSPA, LTE Carrier Aggregation) is FFS.

The normative reference for this clauseis TS 37.144 [12] Subclause 7.3.4.

7.3.3.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS,, of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.

7.3.34 Method of test

7.3.34.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is also used to send test signals to the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.4. Parameters required for Notebooks are
specified in Annex A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Frequenciesto be tested: low range, mid range, high range; see Table 5.3-2.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for devices with embedded modules specified in Subclause
4.3.5.

2) Power on the UE.

3) Settheinitia conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.3-2 for FDD mode. For DUTs
with more than one receiver port, al the tests should be performed using both (all) antenna ports simultaneously.
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7.3.3.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.3.3.1 to calculate
TRS.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.3.3.2.

7.3.3.4.3 Procedure, reverberation chamber method

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2
2) Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of ‘S;T?m‘ has been

measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput
of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause
7.3.3.1

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.3.3.2.

7.3.35 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.3.3.5-1 for notebook devices and in Table 7.3.3.5-2 for tablet devices.
The averaging shall be donein linear scale for the TRS results of both right and left side of the phantom head. Average
TRS requirement is shown in the column “ Average” on the requirement tables.

1 1 1 1 1 1
TRS.\verage = 10|0{6/(1099n|ow/10 + 1oplef:7m|d /10 + 1ORef!7high/lO + 1OF)r|gh!7I0w/10 + 10Pright7n1'd/10 + 10Prigh:7high/10 J:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS requirement specified in
Table 7.3.3.5-1 for notebook devices and in Table 7.3.3.5-2 for tablet devices. Maximum TRS requirement is shown in
the column “Max” on the requirement tables.

TRS mex = 10|Og [max (10P|eﬂ_low /10 ,1OPIefl_mid /10 ,1OPIefl_high /10 ’10Pright_luw /10 ,10Pright_mid /10 ’10Prighl_high /10 )J
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Table 7.3.3.5-1: TRS minimum requirement for E-UTRA FDD roaming mode for notebook devices in
the data transfers position and the primary mechanical mode

TBD

Table 7.3.3.5-2: TRS minimum requirement for E-UTRA FDD roaming mode for tablet devices in the
data transfers position and the primary mechanical mode

Operating band |Channel bandwidth Sensitivity (dBm)
Average Max
1 10 MHz -92.85 -91.05
2 10 MHz
3 10 MHz -94.1 -92.3
4 10 MHz
5 10 MHz
7 10 MHz -92.6 -90.8
8 10 MHz
12 10 MHz
13 10 MHz
19 10 MHz -90.6 -88.3
20 10 MHz -91.6 -89.3
21 15 MHz -89.1 -87.3
28 10 MHz
32 10 MHz
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicability for devices supporting CDMA or aggregated carriers
(e.g. multi-carrier HSPA, LTE Carrier Aggregation) is FFS.

7.3.4 Total Radiated Sensitivity (TRS) for E-UTRA TDD LEE
Editor’ s notes: This subclause isincomplete. The following items are missing or incompl ete:
e Table7.3.4.2-1and 7.3.4.5-1 asthey are not specified in TS 37.144 yet

o Applicability

7.34.1 Definition and applicability
The Total Radiated Sensitivity is defined as:

4r

TRS =

§ ! + 1 adQ
EIS,(Q; f) EIS, (& f)

Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the
senditivity threshold is achieved for each polarization. Q isthe solid angle describing the direction, f isfrequency. 6

and ¢ arethe orthogonal polarizations.

TRS = 2NM
N-1M —1] 1 1 _
2303 + sin(6,)
n=0 m=0 EISH(9n7¢m; f) E|S¢(6n7¢m; f)

Intheseformulas N and M are the number of sampling intervals for theta and phi. 6, and ¢, are the measurement
angles. The sampling intervals are discussed further in Subclause 4.4.

The TRS can a'so be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in
average uniform elevation and azimuth distribution. The calculation of the TRSisin this case based on searching for
the lowest power received by the UE/M S for a discrete number of field combinations in the chamber that givesa BER
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that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value
of the TRS can be obtained. The following expression can be used to find the TRS.

3 (€0~ R, Pres )j_l

TRS = 2N (1 .
Zpref,n

n=1

where P | isthe reference power transfer function for fixed measurement antennan, R| isthe reflection coefficient

for fixed measurement antennan and C,, isthe path lossin the cables connecting the measurement receiver to fixed
measurement antenna n. These parameters are calcul ated from the calibration measurement and are further discussed in

Annex B.2. P, iscalculated by using the following equation:
"" 1
e
’ M
where thlrff o 1sthe m:ith value of the transfer function for fixed measurement antenna n, which givesthe BER

threshold. M isthe total number of values of the BER threshold power measured for each fixed measurement antenna.

[Applicability is TBD]

7.3.4.2 Minimum Requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.3.4.2-1 for notebook devices and in Table 7.3.4.2-2 for tablet devices.
The averaging shall be done in linear scale for the TRS results of both right and |eft side of the phantom head. Average
TRS requirement is shown in the column “ Average” on the regquirement tables.

1 1 1 1 1 1
TR%verage = 1OIO{6/(1OP|M1_|OW/J‘O + 10F1eﬂ_md/10 + 1OPIeft_h|gh/10 + 10Pngm_|ow/10 + 10Pnght_md/10 + 10Pnght_h|gh/10 j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table 7.3.4.2-1 for notebook devices and in Table 7.3.4.2-2 for tablet devices. Maximum TRS requirement is shown in
the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7IcM/ /10 1]_03517mid /10 ,1OF’|ethigh /10 ’10Prigm7|ow /10 ,10Prigh:7mid /10 ’10Prigh17high /10 )J

Table 7.3.4.2-1: TRS minimum performance requirement for E-UTRA TDD roaming mode for notebook
devices in the data transfers position and the primary mechanical mode

TBD

Table 7.3.4.2-2: TRS minimum performance requirement for E-UTRA TDD roaming mode for tablet
devices in the data transfers position and the primary mechanical mode

TBD

The normative reference for this clause is TS 37.144 [12] Subclause 7.3.5.

7.3.4.3 Test purpose

The purpose of thistest isto ensure that TRS and TRS, , of the UE is above specified limit. The lack of the

average
reception sensitivity decreases the coverage area at the far side from Node B.
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7.354 Method of test

73441 Initial conditions

A radio communications tester or a corresponding device is used as a NB simulator to setup callsto the DUT. The NB
simulator is also used to send test signalsto the UE and measure the BER levels of the radio link and the information on
the dedicated channel needed to extract the DUT receiver performances.

Chamber environment constraints and coordinate system shall be the same as described in Subclause A.3.

Phantom Specifications shall be the same as described in Subclause A.2.4. Parameters required for Notebooks are
specified in Annex A.2.4.2 and those for Tablets are specified in Annex A.2.4.3.

Test environment: normal; see TS36.508 [10] Subclause 4.1.1.
Freguenciesto be tested: low range, mid range, high range; see Table 5.4-2.
Positioning Requirements shall be the same as described in Subclause 4.3.

1) Position the UE according to the DUT positioning for devices with embedded modul es specified in Subclause
4.3.5.

2) Power on the UE.

3) Settheinitial conditions as per Subclause 7.3 of 3GPP TS 36.521-1 [11], with the following exception: set the
carrier frequency, channel bandwidth, RB length and RB location as per Table 5.5-2 for TDD mode. For DUTSs
with more than one receiver port, all the tests should be performed using both (all) antenna ports simultaneously.

7.3.4.4.2 Procedure

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2) For the anechoic chamber based methodologies, repeat Step 1) with 3-D sampling grid specified in Subclause
4.4. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the
maximum throughput for each test shall be recorded for integration pursuant to Subclause 7.3.4.1 to calculate
TRS.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.3.4.2.

7.3.44.3 Procedure, reverberation chamber method

1) Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11], with the following exception: measure
the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of
the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-1 [11]).

2
2) Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of ‘Sé'lr?m‘ has been

measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput
of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause
7.3.4.1.

3) Repeat the measurement of the DUT for low, mid and high channels.

4) Calculate the average and minimum TRS as per Subclause 7.3.4.2.

7.3.45 Test requirements

The average measured total radiated sensitivity (TRS) of low, mid and high channel for handheld UE shall be lower than
the average TRS requirement specified in Table 7.3.4.5-1 for notebook devices and in Table 7.3.4.5-2 for tablet devices.
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The averaging shall be done in linear scale for the TRS results of both right and |eft side of the phantom head. Average
TRS requirement is shown in the column “ Average” on the regquirement tables.

1 1 1 1 1 1
TR%verage = 1O|Oé{6/(1oﬂeﬂ_|ow/lo + lopleft_mid /10 + 10PIefl_high/lO + 10Prigm_|uw/10 + 10Prigm_mid/10 + 10Prigm_high/1o j:|

In addition the highest TRS of each measured channel shall be lower than maximum TRS reguirement specified in
Table 7.3.4.5-1 for notebook devices and in Table 7.3.4.5-2 for tablet devices. Maximum TRS requirement is shown in
the column “Max” on the requirement tables.

TRS max = 10|Og lmax (1OPIef:7IcM/ /10 1]_03517mid /10 ,1OF’|ethigh /10 ’10Prigm7|ow /10 ,10Prigh:7mid /10 ’10Prighlihigh /10 )J

Table 7.3.4.5-1: TRS minimum requirement for E-UTRA TDD roaming mode for notebook devices in
the data transfers position and the primary mechanical mode

TBD

Table 7.3.4.5-2: TRS minimum requirement for E-UTRA TDD roaming mode for tablet devices in the
data transfers position and the primary mechanical mode

TBD

7.4 Radiated Performance of Multiple-antenna Receivers in the
UE

7.4.1 Total Radiated Multi-antenna Sensitivity (TRMS) for E-UTRA FDD
for Handheld UE in Free Space

Editor’ s notes: This subclause isincomplete. The following items are missing or incomplete:

- Statistical significance

7411 Definition and applicability

Requirementsin this section are stated for the free space configuration and are applicable to handheld devices, and are
not applicable to wrist-worn devices.

For the MPAC methodology, the average TRM S of free space data mode portrait (FS DMP), free space data mode
landscape (FSDML), and free space data mode screen up (FS DM SU), as defined in Annex E of TR 37.977 [29], when
mesasured at the mid channel shall be lower than the average TRM'S requirements specified in subclauses 7.4.1.2. The
averaging shall be donein linear scale for the TRMS results at these DUT positions. Two average TRM S quantities are
calculated from sensitivity measurements at 70% and 95% throughput, respectively. Average TRM S requirement are
shown in the column “Average, 70" and “Average, 95" on the requirement tables.

1 1 1
TRMSgverage70 = 10log [3 /( + + )]

10SFs.bmpP,70/10 * 1(SFS.DML70/10 1 ()SFs_DMSU,70/10

1 1
TRMSaverage,os = 10log [3/(105FS,DMP,95/10 + 10SFs_.DMLo5/10 + 105FS,DMSU,95/10)]

Where

1 1 1
Swongx = 10log [12/(10PMODE,x,o/10 + 10PMODEX1/10 o 10PMODE,x,11/10)]

Such that MODE isone of { FS DMP, FS DML, FS DM3U}, xisone of {70, 95}, and { Pmobexo, ..., Pmobex11} arethe
measured sensitivity values at each azimuth position.
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For the MPAC methodology, if 1 azimuth position does not result in a defined measured sensitivity at 70% or 95%
throughput, Svope,70 Or Svope,gs are calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE
Prserre-max (Substitution approach) for the one missing result. If 2 azimuth positions do not result in a defined measured
sengitivity at 95% throughput, Suope os is calculated using the 10 measured sensitivities and Prsepre-max for the two
missing results. If more azimuth positions result in undefined values for measured sensitivity at the 70% and/or 95%
throughput, then the TRM S requirement for the corresponding throughput levels has not been met by such adevice. Prs
erre-max IS defined as -80 dBm/15 kHz and is the maximum downlink RS-EPRE supported by the test system.

The requirements and this test apply to al types of E-UTRA FDD UE for Release 14 and forward.

7.4.1.2 Minimum requirements

Handheld UE TRM S minimum performance requirements for E-UTRA FDD in free space and the primary mechanical
mode for 70% and 95% DL throughput with the reference measurement channel defined in Clause 7 of TR 37.977 [29]
aredefined in Table 7.4.1.2-1.

Table 7.4.1.2-1: Handheld UE TRMS minimum requirements for E-UTRA FDD roaming bands in free
space and the primary mechanical mode

Test 1
Channel Model as defined in Annex SCME urban micro-cell
M.1
Operating band Unit <REFlor>
Average, 70 Average, 95

1 dBm/15 kHz -94.75 -92.75
3 dBm/15 kHz -93.75 -91.75
5 dBm/15 kHz -91.5 -89.5
7 dBm/15 kHz -92.5 -90.5
13 dBm/15 kHz TBD TBD
19 dBm/15 kHz -91.5 -89.5

NOTE:  Applicability for devices supporting 4-receiver architectures is

not confirmed.

The normative reference for thisclauseis TS 37.144 [12] Subclause 8.1.1.1.

7.4.1.3 Test Purpose

The purpose of thistest is to ensure that the UE meets the TRM'S minimum performance requirements for E-UTRA
FDD specified in Subclause 7.4.1.2.

7.4.1.4 Method of test for Multi-probe Anechoic Chamber

7.4.1.4.1 Initial conditions

A radio communications tester or a corresponding device is used asa NB/BS simulator to setup callsto the DUT
according to Annex P.1.

Channel model shall be set according to Annex M.1 and the emulated antenna array configuration shall be set according
to Annex M.2.

Chamber environment constraints and coordinate system shall be the same as described in Annex A.5.1.
Test environment according to Annex O.

The positioning of the device under test within the test volume shall be set as defined in Annex A.5.2.
The calibration procedure is specified in Annex B.2.3.

Positioning Requirements shall be according to Annex A.5.2.
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Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SS to take with the UE to
reach the correct measurement state for each test case.

1) Ensure environmental requirements of Annex O are met.

2) Configure the test system according to Annex P.1 for the applicable test case.

3) Verify theimplementation of the channel model as specified in Annex M.

NOTE: The verification of the channel model implementation can be part of the laboratory accreditation process
i.e. performed once for each channel model, and will remain valid as long as the setup and instruments
remain unchanged. Otherwise the channel model validation may need to be performed prior to starting
each throughput test.

4) Position the UE in the chamber according to Annex A.5.2.
5) Power on the UE.

6) Set up the connection.

7.4.1.4.2 Procedure
1) Follow Steps 1 and 2 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11].

2) Set the Downlink signal level to the appropriate REFSENS value defined in Table 7.1.9.5-1 for 95 % throughput
of the maximum throughput of the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-
1[11]) for azimuth position 0. Send continuously uplink power control "up” commands in the uplink scheduling
information to the UE to ensure the UE transmits Pumax level for at least the duration of the Throughput
measurement. Measure the average throughput for a duration sufficient to achieve statistical significance TBD.

NOTE 1: The downlink power step size shall be no more than 0.5 dB when RF power level isnear the LTE MIMO
sensitivity level.

NOTE 2: Theinitid RS EPRE can be set to the user's freely selectable level. Recommended initial RS EPRE is
found in Tables P.1-1 and P.1-2.

NOTE 3: The throughput value target DL power level can be changed using user's freely selectable algorithm.

NOTE 4: For devices that do not reach target throughput, the highest RS EPRE at which throughput is measured
shall be -80 dBnV/15 kHz. The starting RS EPRE level of the LTE MIMO sensitivity level search does not
need to be specified (NOTE 2)

NOTE 5: For devices that exhibit non-linear throughput behaviour and that achieve target throughput at multiple
RF power levels, LTE MIMO sensitivity level is chosen to be lowest measured DL power level which
crosses the target throughput level

3) Repeat Steps 2 for all azimuth positions: Rotate the UE around vertical axis of the test system by 30
degrees and repeat from Step 2 until one complete rotation has been measured i.e. 12 different UE
azimuth rotations. A list of orientationsis given in Annex A.5.2.

4) Repeat Steps 2 & 3 for al MODEs as specified in Clause 7.4.1.1.
5) Repeat Steps 2, 3 & 4 for 70% throughput as specified in Clause 7.4.1.1.
6) Use post processing and averaging method specified in Clause 7.4.1.1 and calculate average TRMS for

70% and 95% throughput levels.

7.4.15 Test requirements
For Handheld UE TRM S minimum performance test requirements for E-UTRA FDD in free space and the primary

mechanical mode for 70% and 95% DL throughput with the reference measurement channel defined in Clause 7 of TR
37.977 [29] are specified in Table 7.4.1.6-1.
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Table 7.4.1.6-1: Handheld UE TRMS minimum test requirements for E-UTRA FDD roaming bands in
free space and the primary mechanical mode

Test 1
Channel Model as defined in Annex SCME urban micro-cell
M.1
Operating band Unit <REFlor>
Average, 70 Average, 95
1 dBm/15 kHz -93.75 -91.75
3 dBm/15 kHz -92.75 -90.75
5 dBm/15 kHz -90.50 -88.50
7 dBm/15 kHz -91.50 -89.50
13 dBm/15 kHz TBD TBD
19 dBm/15 kHz -90.50 -88.50
NOTE:  Applicability for devices supporting 4-receiver architectures is
not confirmed.

7.4.2  Total Radiated Multi-antenna Sensitivity (TRMS) for E-UTRA TDD
for Handheld UE in Free Space

Editor’ s note: This subclause isincomplete. The following items are missing or incomplete:

- Statistical significance

7421 Definition and applicability

Requirementsin this section are stated for the free space configuration and are applicable to handheld devices, and are
not applicable to wrist-worn devices.

For the MPAC methodology, the average TRM S of free space data mode portrait (FS DMP), free space data mode
landscape (FSDML), and free space data mode screen up (FS DM SU), as defined in Annex E of TR 37.977 [29], when
mesasured at the mid channel shall be lower than the average TRM'S requirements specified in subclauses 7.4.2.2. The
averaging shall be donein linear scale for the TRM S results at these DUT positions. Two average TRM S quantities are
calculated from sensitivity measurements at 70% and 95% throughput, respectively. Average TRM S requirement are
shown in the column “Average, 70" and “Average, 95" on the requirement tables.

1 1 1
TRMSaverage,70 = 10log [3/(105FS,DMP,70/10 + 10SFs_.bmL70/10 + 105FS,DMSU,70/10)]
TRMS = 10log |3 ! ! !
average,95 Og[ /(105FS,DMP,95/10 + 10SFs_.pmL95/10 + 105FS,DMSU,95/10)]
Where
S = 10log (12 ! ! 71
MODE,x — Og[ /(10PMODE,x,O/10 + 10PmMODEX,1/10 tot 10PMODE,x,11/10)]

Such that MODE isone of { FS DMP, FS DML, FS DM3SU}, xisone of {70, 95}, and { Pmobexo, ..., Pmobex11} arethe
measured sensitivity values at each azimuth position.

For the MPAC methodology, if 1 azimuth position does not result in a defined measured sensitivity at 70% or 95%
throughput, Suope 70 Or Suope,es are calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE
Prserre-max (Substitution approach) for the one missing result. If 2 azimuth positions do not result in a defined measured
sensitivity at 95% throughput, Svope.ss is calculated using the 10 measured sensitivities and Prsepre-max fOr the two
missing results. If more azimuth positions result in undefined values for measured sensitivity at the 70% and/or 95%
throughput, then the TRM S requirement for the corresponding throughput levels has not been met by such adevice. Prs
erre-max IS defined as -80 dBm/15 kHz and is the maximum downlink RS-EPRE supported by the test system.

The requirements and this test apply to all types of E-UTRA TDD UE for Release 14 and forward.

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 170 ETSI TS 137 544 V14.4.0 (2018-01)

7.4.2.2 Minimum requirements

Handheld UE TRM S minimum performance requirements for E-UTRA TDD in free space and the primary mechanical
mode for 70% and 95% DL throughput with the reference measurement channel defined in Clause 7 of TR 37.977 [29]
are defined in Table 7.4.2.2-1.

Table 7.4.2.2-1: Handheld UE TRMS minimum requirements for E-UTRA TDD roaming bands in free
space and the primary mechanical mode

Test 1
Channel Model as defined in Annex SCME urban micro-cell
M.1
Operating band Unit <REFlor>
Average, 70 Average, 95
38 dBm/15 kHz -95.5 -93.5
41 dBm/15 kHz -95.5 -93.5

NOTE 1: In this version of the specification, restricted to E-UTRA DL
operation when carrier aggregation is configured.

NOTE 2: Applicability for devices supporting 4-receiver architectures is
not confirmed.

The normative reference for thisclauseis TS 37.144 [12] Subclause 8.1.1.2.

7.4.2.3 Test Purpose

The purpose of thistest is to ensure that the UE meets the TRM'S minimum performance requirements for E-UTRA
TDD specified in Subclause 7.4.2.2.

7.4.2.4 Method of test

7.4.2.4.1 Initial conditions

A radio communications tester or a corresponding device is used as a NB/BS simulator to setup callsto the DUT
according to Annex P.1.

Channel model shall be set according to Annex M.1 and the emulated antenna array configuration shall be set according
to Annex M.2.

Chamber environment constraints and coordinate system shall be the same as described in Annex A.5.1.
Test environment according to Annex O.

The positioning of the device under test within the test volume shall be set as defined in Annex A.5.2.
The calibration procedure is specified in Annex B.2.3.

Positioning Requirements shall be according to Annex A5.2.

Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SSto take with the UE to
reach the correct measurement state for each test case.

1) Ensure environmental requirements of Annex O are met.
2) Configure the test system according to Annex P.1 for the applicable test case.
3) Verify the implementation of the channel model as specified in Annex M.

NOTE: The verification of the channel model implementation can be part of the laboratory accreditation process
i.e. performed once for each channel model, and will remain valid as long as the setup and instruments
remain unchanged. Otherwise the channel model validation may need to be performed prior to starting
each throughput test.

4) Position the UE in the chamber according to Annex A.5.2.
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5) Power on the UE.

6) Set up the connection.

7.4.24.2

Procedure

1) Follow Steps 1 and 2 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [11].

2) Set the Downlink signal level to the appropriate REFSENS value defined in Table 7.1.9.5-1 for 95 % throughput
of the maximum throughput of the reference channel (maximum throughput is per Annex A of 3GPP TS 36.521-
1[11]) for azimuth position 0. Send continuously uplink power control "up” commands in the uplink scheduling
information to the UE to ensure the UE transmits Pumax level for at least the duration of the Throughput
measurement. Measure the average throughput for a duration sufficient to achieve statistical significance TBD.

NOTE 1

NOTE 2:

NOTE 3:
NOTE 4:

NOTE&:

3)

4)

5)
6)

7.4.2.5

The downlink power step size shall be no more than 0.5 dB when RF power level isnear the LTE MIMO
sensitivity level.

Theinitial RS EPRE can be set to the user's freely selectable level. Recommended initial RS EPRE is
found in Tables P.1-1 and P.1-2.

The throughput value target DL power level can be changed using user's freely selectable algorithm.

For devices that do not reach target throughput, the highest RS EPRE at which throughput is measured
shall be -80 dBnV/15 kHz. The starting RS EPRE level of the LTE MIMO sensitivity level search does not
need to be specified (NOTE 2)

For devices that exhibit non-linear throughput behaviour and that achieve target throughput at multiple
RF power levels, LTE MIMO sensitivity level is chosen to be lowest measured DL power level which
crosses the target throughput level

Repeat Steps 2 for all azimuth positions: Rotate the UE around vertical axis of the test system by 30
degrees and repeat from Step 2 until one complete rotation has been measured i.e. 12 different UE
azimuth rotations. A list of orientationsis given in Annex A.5.2.

Repeat Steps 2 & 3 for al MODEs as specified in Clause 7.4.2.1.
Repeat Steps 2, 3 & 4 for 70% throughput as specified in Clause 7.4.2.1.

Use post processing and averaging method specified in Clause 7.4.2.1 and calculate average TRMS for
70% and 95% throughput levels.

Test requirements

For Handheld UE TRM S minimum performance test requirements for E-UTRA TDD in free space and the primary
mechanical mode for 70% and 95% DL throughput with the reference measurement channel defined in Clause 7 of TR
37.977 [29] are specified in Table 7.4.2.5-1.

Table 7.4.2.5-1: Handheld UE TRMS minimum test requirements for E-UTRA TDD roaming bands in

free space and the primary mechanical mode

Test 1
Channel Model as defined in Annex SCME urban micro-cell
M.1
Operating band Unit <REFlor>
Average, 70 Average, 95
38 dBm/15 kHz -94.5 -92.5
41 dBm/15 kHz -94.5 -92.5
NOTE 1: In this version of the specification, restricted to E-UTRA DL
operation when carrier aggregation is configured.
NOTE 2: Applicability for devices supporting 4-receiver architectures is
not confirmed.
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Annex A (normative): Test system characterization and
environmental requirements

Al General

The main objective of this section isto specify basic parameters of simulated user (phantom) and anechoic and
reverberation chamber suited for the Tx and Rx measurement.

A.2  Phantom specifications

A.2.1 Head phantom

The Specific Anthropomorphic Mannequin (SAM) is used for radiated performance measurements. The phantom shape
is derived from the size and dimensions of the 90-th percentile large adult male reported in an anthropometric study. It
has al so been adapted to represent the flattened ear of a wireless device user.

For DUT radiated performance measurementsin "intended use" position SAM head phantom without a shoulder section
will be used.

The shell of the SAM phantom should be made of low-loss material (loss tangent less than 0.05) with low permittivity
(lessthan 5). The thickness has to be 2.0+0.2mm in the areas close to the handset in "intended use" position.

The phantom has to be filled with tissue simulating liquid. It is recommended to use one of the typical SAR tissue
simulating liquids and Annex B gives four example recipes of such liquids. It is aso recommended to verify the RF
properties of the liquid with suitable equipment. The values should be maintained within 15% of the values relative
permittivity 40 (£15%) and sigma 1.4 (£15%) at 1900 MHz. If the difference is more than £15%, it should be takenin
to account in the uncertainty budget. Dielectric properties measurement methods can be found e.g. in[16] [17].

Alternatively, adry SAM phantom made of plastic material with corresponding electrical parameters can be used.

NOTE: Measurements for the radiated performance of a UE can be influenced by the hand presence. However, it
isvery difficult to develop a standardized hand phantom, which could allow pertinent and reproducible
measurements. Therefore, a phantom hand is not included in this test procedure.

A.2.2 Hand phantom

A.2.2.1 General

Users hand can have a great impact on radiated performance of a UE. The impact goes beyond blocking or absorbing a
portion of the radiation, since the impedance of the antennaitself may be changed due to the material in near field.
Thus, a standardized hand phantom has been developed for radiated testing to reflect real world user scenarios[18].

A.2.2.2 Dimensions

Dimensions of the hand phantom are based on 50" percentile of the men’s hand and women’s hand dimensions
averaged together in order to produce a standard hand phantom that lies in the middle of the expected range of users.
Figure A.2.2.2-1 illustrates the segments of the human hand and Table A.2.2.2-1 summarizes the various dimensions for
an open hand phantom [18].
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Figure A.2.2.2-1: Segments and dimension points of the human hand

Table A.2.2.2-1: Hand phantom dimensions

Dimension Description Dim. Dimension Description Dim.
(mm) (mm)

Major Hand and Wrist Dimensions Digit lll Dimensions
Wrist Width 61.4 | Distal Phalanx Length ? 201
Wrist Circumference 162.9 | Middle Phalanx Length ? 31.7
Hand Length, Center of Wrist to Tip of Digit Il 186.5 | Proximal Phalanx Length 2 49.6
Hand Circumference 200.2 | Metacarpal Length ? 66.2
Palm Length, Middle to Distal Palm Creases 105.7 | Carpal Length ? 17.4
Hand Width 85.0 DIP Width 185
Interdigital Crotch Dimensions PIP Width 20.9
Between Digit Il & Ill Crotch to Tip of Digit II 72.5 | DIP Circumference 54.4
Between Digit Il & Il Crotch to Tip of Digit 1l 80.5 | PIP Circumference 65.5

Between Digit Ill & IV Crotch to Tip of Digit IV 75.7 | Digit IV Dimensions
Between Digit IV & V Crotch to Tip of Digit V 61.5 | Distal Phalanx Length 2 20.0
Between Digit | & Il Crotch to Tip of Digit I * 56.5 | Middle Phalanx Length ? 30.8
Digit | Dimensions Proximal Phalanx Length ? 45.5
Distal Phalanx Length ? 29.4 | Metacarpal Length ? 60.4
Proximal Phalanx Length 2 36.5 | Carpal Length ? 19.4
Metacarpal Length ? 46.8 | DIP Width 17.2
Carpal Length ? 22.0 | PIP Width 19.9
DIP Width 22.3 | DIP Circumference 50.3
DIP Circumference 67.7 | PIP Circumference 61.2

Digit Il Dimensions Digit V Dimensions
Distal Phalanx Length ? 18.1 | Distal Phalanx Length * 17.3
Middle Phalanx Length ? 26.7 | Middle Phalanx Length ? 21.8
Proximal Phalanx Length 2 45.7 | Proximal Phalanx Length 2 38.0
Metacarpal Length * 67.4 | Metacarpal Length ? 56.6
Carpal Length ? 20.6 | Carpal Length ? 24.3
DIP Width 18.7 | DIP Width 16.1
PIP Width 21.5 | PIP Width 17.9
DIP Circumference 54.1 | DIP Circumference 45.9
PIP Circumference 64.8 | PIP Circumference 54.2
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A.2.2.3 Dielectric properties

Dielectric properties of dry palm human tissue are set as the target dielectric parameters for hand phantoms[19]. The
properties are presented in Table A.2.2.3-1. It'simportant that the hand phantom has equivalent electrical propertiesto
real human hand to ensure that the same near field effects are seen with the hand phantom as would be seen with real
hand. Relative permittivity of hand phantoms shall be within £15% of the values listed in Table A.2.2.3-1. Conductivity
of hand phantoms shall be within £25% of the values listed in Table A.2.2.3-1. Methods for measuring dielectric
properties can be found e.g. in [22] [23].

Table A.2.2.3-1: Target dielectric properties of a hand phantom

Frequency (MHz) Er o (S/m)
300,00 37,1 0,36
450,00 33,9 0,43
835,00 30,3 0,59
900,00 30 0,62
1450,00 27,9 0,85
1575,00 27,5 0,9
1800,00 27 0,99
1900,00 26,7 1,04
1950,00 26,6 1,07
2000,00 26,5 1,09
2100,00 26,3 1,14
2450,00 25,7 1,32
3000,00 24,8 1,61
4000,00 23,5 2,18
5000,00 22,2 2,84
5200,00 22 2,98
5400,00 21,7 3,11
5600,00 21,4 3,25
5800,00 21,2 3,38
6000,00 20,9 3,52

A.2.2.4 Hand phantom grips

Hand phantom grips are based on human factor studies that were done to record how a phone of certain form factor was
gripped by alarge sample of people. Based on the grip study findings, three grip designs are chosen for 40- to 56-mm
wide devices. one for mono-block devices used in avoice call, another for fold devicesin avoice cal, and athird for
“datamode” grip, simulating for example web browsing, Figure A.2.2.4-1 shows mono-block and fold grips [20]. Grip
studies showed that devices wider than 56 mm (generally PDA and touch screen devices) could be conveniently
accommodated by a single grip to cover primary use cases, voice calls and data browsing [20].

Each grip is used with a spacer that is designed for repeatable positioning of terminalsto the grips. The material for the
monoblock palm spacer shall be hollow with awall thickness less than 2 mm and a dielectric constant of less than 5.0
and aloss tangent of less than 0.05 or it shall be solid with a dielectric constant of less than 1.3 and aloss tangent of less
than 0.003. Touch fastener material may be used to affix the DUT to the palm spacer.

Figures A.2.2.4-1 and A.2.2.4-2 below illustrate the right-handed and | eft-handed mono-block and fold grips,
respectively.
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AR

Figure A.2.2.4-1: Right-handed grips defined to hold mono-block and fold UEs during voice calls

& &

Figure A.2.2.4-2: Left-handed grips defined to hold mono-block and fold UEs during voice calls

Figures A.2.2.4-3 and A.2.2.4-4 below illustrate the right-handed and |eft-handed data browsing with narrow UEs and
PDA grips, respectively.

a

Figure A.2.2.4-3: Right-handed grip defined for data browsing with narrow UEs and grip for holding
PDA type of devices
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Figure A.2.2.4-4: Left-handed grip defined for data browsing with narrow UEs and grip for holding

CAD modelsin Table A.2.2.4-1 define exact finger locations and spacers for the specified grips. The files are available

PDA type of devices

in asubfolder of the archive areafor this specification.

Table A.2.2.4-1: CAD models for specified hand phantom grips and spacers

Hand phantom grip

Grip CAD file name

Grip spacer file name

Right Mono-block grip

25914-b10_CAD_handl.zip

25914-b10_CAD_spacerl.zip

Right Fold grip

25914-b10_CAD_hand2.zip

25914-b10_CAD_spacer2.zip

Right Narrow data browsing grip

25914-b10_CAD_hand3.zip

25914-b10_CAD_spacer3.zip

Right PDA grip

25914-b10_CAD_hand4.zip

25914-b10_CAD_spacer4.zip

Left Mono-block grip

25914-b10_CAD_hand>5.zip

25914-b10_CAD_spacer5.zip

Left Fold grip

25914-b10_CAD_hand6.zip

25914-b10_CAD_spacer6.zip

Left Narrow data browsing grip

25914-b10_CAD_hand7.zip

25914-b10_CAD_spacer7.zip

Left PDA grip

25914-b10_CAD_hand8.zip

25914-b10_CAD_spacer8.zip

A.2.2.5 Mechanical Requirements of Hand Phantoms

The hand phantoms shall be constructed of a material that is sufficiently flexible to accommodate the range of devices
specified in A.2.2.4. The material shall also be made sufficiently stiff that the hand grip remains constant under rotation.

Adequate materia stiffness of the hand phantom is necessary to maintain high repeatability of OTA measurements. The
stiffness of the hand material shall be verified by measuring the deflection of the index finger of a moulded monoblock
hand phantom under a given weight. Test procedure is following;

1. Position the hand phantom such that the index finger is horizontal.

2. Apply anindicator needle that extends horizontally 55 mm +1 mm beyond the tip of the index finger.
3. Record the position of the indicator needle on avertical scale.

4. Apply 20 g £0.2 g of weight centred 6 mm £0.5 mm from the tip of the index finger towards the hand.
5. Record the new position of the indicator needle on a vertical scale.

The deflection of the index finger of the hand phantom shall be between 2 and 5 mm. Deflection less than 2 mm per 20
g weight indicates a material that istoo rigid. Deflection greater than 5 mm per 20 g weight indicates a material that is
too soft.
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Figure A.2.2.5-1: Hand phantom stiffness test

Figure A.2.2.5-2: A weight container designed for a hand phantom stiffness test

A weight container presented in Figure A.2.2.5-2 may be used in the stiffness test. It is assumed that other grips will
have similar stiffness as the monoblock hand from the same material. Therefore, a stiffness test of the monoblock hand
aoneis considered sufficient.

The characteristics of position of the hand phantom such that the index finger is horizontal are specified in Table
A.2.2.5-1.

Table A.2.2.5-1: Characteristics of position of the hand phantom

ID Hand Grip Placement Characteristic
0 Low Shift Up

1 Medium No Shift

2 High Shift Down

The characteristics of deflection of the index finger of the hand phantom are specified in Table A.2.2.5-2.

Table A.2.2.5-2: Characteristics of deflection of the index finger of the hand phantom

ID Deflection of Index Finger (df) Placement Characteristic Type
0 df = 2 mm per 20g Rigid

1 2mm < df < 5mm per 20g Stable

2 df > 5mm per 20g Soft

A.2.3  Laptop Ground Plane Phantom

Laptop ground plane phantom is used for radiated performance measurements in case of plug-in DUT like USB
dongles. The abjective of the laptop ground plane phantom is to reproduce the effects of the ground plane for the
antenna of the DUT while avoiding the variation of the measurements introduced by areal laptop.

The laptop ground plane phantom, as showed in Figure A.2.3-1, is composed by the following parts:

- A rectangular plane covered by a conductive film on the upper side with thickness of 4mm to emulate the
keyboard and main body of the laptop;
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A rectangular plane covered by the same conductive film on the upper side with thickness of 4mm to emulate the

screen of laptop;
The conductive film on the two planesis connected. The angle between the two planesis 110 degrees. The

material is FR-4 copper-clad sheet and the length and width of these two planes are 345mm and 238mm

respectively;
A horizontal USB connector placed along the short end of the plane; the location of the port is at the right back

corner, the distance between the central axis of the USB connector and the rear edge of plane is 45mm, the
ground of the USB connector is welded on the conductive film of the plane. The detailed description of the

structure is presented in Figure A.2.3-2;
A USB cable crossing the ground plane and connecting the USB connector to areal functional laptop; the USB

cable should be equipped with a shielded metal film, and the portion of the cable that is hung in the air shall be
covered with absorbing material or treated with quarter wave chokes. The part of the USB cable lying on the
planeis covered by a conductive adhesive strip used for fixing the cable on the plane and for guarantying at the
same time the superficia continuity of the conductive plane. The shielded conductive film of this part of the
USB cableis connected to the conductive film of the plane and the covered strip to well ground the antenna. The

length of the USB cable should be no more than 3 meters.

Laptop ground plane
phanrom \L’
| II
| I
II
|

Conductive film
)

110 degree l,'l
,I' Conductive adhesive strip |
'\\ |
R -

Choked USB cable

or covered with
absorbing materia

S
A v USB
connector

Conductive film

Real functional laptop

Figure A.2.3-1: The laptop ground plane phantom, the DUT and the real functional laptop
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Figure A.2.3-2: The structure and dimension of the laptop ground phantom

Thereal functional laptop islaid on the floor of the anechoic chamber, supplies power to the DUT and controls the state
of the DUT. Both the USB cable and the real functional laptop are properly setup in order to have a negligible impact
on the measurements: the real functional laptop is fully wrapped up with anechoic absorbers.

A.2.4  Parameters for embedded devices

A.2.41 General

The main objectives of this section are to define basic parameters required when performing TRP and TRS
measurements on notebooks and tablets.

A.2.4.2 Notebook

A notebook PC is a portable personal computer combining the computer, keyboard and display in one form factor.
Typicaly the keyboard is built into the base and the display is hinged along the back edge of the base. The largest single
dimension for a notebook is limited to 0.42 m.

As notebooks are not body worn equipment nor recommended for use placed directly on the lap, the notebook shall be
tested in afree space configuration without head and hand phantoms.

When the notebook is placed in a measurement chamber the display shall be configured according to Table A.2.4.2-1.

Table A.2.4.2-1: Display Settings

Parameter Value Note
Display lid angle 110 +/- 5 degrees The lid angle is defined as the angle between the
front of the display to the levelled base.
LCD Backlight 50%
Ambient sensor Disabled

A typical notebook PC is equipped with several radio access technologies. During the measurement the DUT shall be
configured according to Table A.2.4.2-2.
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Table A.2.4.2-2: Embedded radio transmitters

Parameter Value Note
WWAN Enabled This is the DUT transceiver
Other transceivers Disabled UWB, WLAN, Bluetooth™

The notebook power management shall be configured according to Table A.2.4.2-3.

Table A.2.4.2-3: Power management

Parameter Value Note
Screensaver Disabled
Turn OFF display Never
Turn OFF Hard drive Never
System Hibernate Never
System Standby Never
Dynamic control of clock frequencies Disabled
Power source Standard battery

If the notebook is equipped with retractable antennas the device shall be tested with the antennas in a configuration
recommended by the manufactures.

A.2.4.3 Tablet

A tablet is a portable personal computer combining the computer and display in asingle form factor. User input is
accomplished viatouch screen or apen. The largest single dimension (i.e., length, width, height) for atablet islimited
t0 0.42 m. Tablet devices may have different primary mechanical modes.

Tablet shall be tested in a free space configuration without head and hand phantoms. If hand phantom grips become
available for tablets, the testing configuration for tablets may be revisited. The centre of rotation shall be the three-
dimensional geometric centre of the EUT, display facing free space.

When atablet is placed in a measurement chamber the display shall be configured according to Table A.2.4.3-1.

Table A.2.4.3-1: Display Settings

Parameter Value Note
LCD Backlight 50%
Ambient light sensor Disabled

A typical tablet is equipped with several radio access technologies. During the measurement the EUT shall be
configured according to Table A.2.4.2-2.

EUT shall be powered by battery and power management settingsin Table A.2.4.2-3 shall be used.

If afixtureis required to mount the EUT to the positioning system, the EUT 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 EUT 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 would be used between the holding fixture and the EUT.

A.3 Anechoic chamber constraints

A.3.1 General

The main objective of this section is to define basic parameters of the anechoic chamber suited for the Tx and Rx
measurement of UMTS and E-UTRA UEs.
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The chamber should be equipped with an antenna positioner making possible to perform full 3-D measurements for
both Tx and Rx radiated performance. Two main measurement set-ups are presented for this purpose:

a) A so-called spherical scanner system implies that the DUT is placed on a positioner that rotates in a horizontal
plane. The probe antennais rotated physically in the vertical plane. Alternatively, multiple probe antennas can be
placed along an arch in vertical plane and electronically switched in order to get the full 3-D radiation/sensitivity
pattern (see Figure A.3.1-1). Alternatively a multiple probe system, which has a set of probes located on the full
spherical surface may be used [21]. In this case the DUT does not have to be rotated.

b) A dual axissystemimpliesthat the DUT is placed on a positioner that is able to rotate around two different axes.
The signal is transmitted/received by afixed probe (see Figure A.3.1-2). It is noted that many conventional two-
axis systems (i.e. many commercially available systems built for a more general use) are built for the support of
rather heavy test objects (with narrow antenna beam), which by their mechanical size may disturb the
measurement of nearly omnidirectional antennas. Note that such systems are equipped with a positioner that may
disturb the measurement of nearly omnidirectional antennas.

DUT

Figure A.3.1-1: Example of a spherical positioner system with a moving probe antenna (left), and with
multiple probe antennas (right)
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Anechoic room

Horn antenna

BS simulator

Figure A.3.2-2: Example of a dual axis (roll-over-azimuth) positioner system

ZA

Figure A.3.3-3: The coordinate system used in the measurements

In both cases the measurement antenna should be able to measure two orthogonal linear polarizations (typically theta
(6) and phi (¢) polarizations).

Note that for an anechoic chamber, horn antennas are usually used as probe antennas. There are two kinds of horn
antennas: single-polarized and dual-polarized. The dual-polarized horn antenna has advantages of a major importancein
comparison with the single-polarized. In fact, it is possible to measure two orthogonal polarizations without any
movement of the probe, and this will:

a) Reduce the cable antenna uncertainty contribution
b) Improve the measurement stability
¢) Reduce the time delay between the acquisitions of each polarized signal due to the electrical RF relay.

If using single-polarized probe antenna, it is possible to perform the measurements by turning one linear polarized
antenna by 90 ° for every measurement point. However, this technique has a major drawback: the cable of this antenna
is subjected to numerous bendings and rotations, which brings some measurement instabilities. The various positions of
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the cable have an effect on the repeatability of measurements, and the stress applied to the cable can reduce its
performance. The use of a"stress cable", or arotary joint, connected to the main low-loss cable that is connected to the
BTS simulator is recommended if using a single-polarized probe.

A.3.2 Quiet zone dimension

Quiet zone has to be large enough to contain DUT attached to a phantom head and shoulders. The dimensions have to
be dlightly larger than the phantom dimension due to the fact that the rotation axes are not passing through the
symmetry plane of the phantom, but through the phase centre of the DUT. Thus minimum radius of the quiet zone has
to be 150mm, which is the approximate distance from a UE to the edge of the head and shoul ders phantom while the
phoneis placed in an "intended use" position.

A.3.3 Minimum distance between the DUT and the measurement
antenna

For far-field measurements, the distance r between the DUT and the measurement antenna should be calculated by the
following equation.

2

r> max(2 ,3D,3/1j

where A isthe largest wavelength within the frequency band of interest and D the maximum extension of the radiating
structure. Then the phase and amplitude uncertainty limits and the reactive near field limit are not exceeded. The
influence of measurement distance is discussed in Annex E.

A.3.4 Reflectivity of the quiet zone

Reflectivity of the quiet zone must be measured for frequencies used with method described in Annex G. Measured
reflectivity level isused in uncertainty calculations.

A.3.5 Shielding effectiveness of the chamber

In order to be able to measure sensitivity all external radiation has to be eliminated. Depending on the conditions at the
test site in question, different values of shielding effectiveness of the measurement chamber might be required. The only
general requirement on the shielding effectiveness of the chamber is that the measured level of external signals at the
frequency of interest (UMTS, E-UTRA frequency band) has to be 10dB below sensitivity level of the UE. See Annex G
for more details on shielding effectiveness validation.

When specified in atest, the manufacturer shall declare the nominal value of a parameter, or whether an optionis
supported.

A.4 Reverberation chamber constraints

A.4.1 General

The main objective of this section is to define basic parameters of the reverberation chambers suited for the Tx and Rx
measurement of UMTS, and E-UTRA UEs.

The reverberation chambers have for a couple of decades been used for some types of EM C measurements. A
reverberation chamber is a metal cavity that is sufficiently large to support many resonant modes, and it is provided
with means to stir the modes. The measurements in the reverberation chamber are fast and repeatable, provided the
chambers utilize efficient stirring methods. The following sections describe how the reverberation chamber can be used
for measurements of TRP and TRS.
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A.4.2 Positioning and mode stirring facilities

The reverberation chamber shall be equipped with mode-stirring facilities in such a way that enough number of
independent power samples can be achieved for the accuracy requirement stated in this standard to be fulfilled. Possible
mode-stirring methods include platform stirring, polarization stirring and mechanical stirring with fan-type stirrers,
irregular shaped rotational stirrers, or plate-type stirrers. Also, frequency stirring is possible if the type of measurement
allows for afrequency-averaged value, but thisis not necessary if the chamber is sufficiently large and well stirred.

For the DUT positioning on head phantom or for the DUT positioning on laptop ground plane phantom, the DUT
should be placed in such away that a sufficient number of independent samples are obtained to fulfil the uncertainty
requirements. For example, for chambers utilizing platform stirring the DUT should be placed on the edge of the
turntable in order to maximize rotation of the DUT. In addition, the DUT must not be closer than 0.5 wavelengths to
other electromagnetic reflective objects inside the chamber and 0.7 wavelengths to absorbing objects.

For the DUT positioning on laptop ground plane phantom the real functional laptop islaid on the floor of the chamber,
supplies power to the DUT and controls the state of the DUT. Both the USB cable and the real functional laptop are
properly setup in order to have a negligible impact on the measurements: the real functional laptop is fully wrapped up
with anechoic absorbers. The real functional laptop can be placed outside the chamber if the connection to the DUT can
be maintained and if the communication interface between DUT and real functional laptop has negligible impact on the
measurements.

A schematic picture of the measurement setup is provided in Figure A.4.2-1.

- Fixed measurement antenna

A}U‘/e path for up- and downlink

Mode stirrer/tdner

Base station
7 simurator
Test unit

Figure A.4.2-1: A schematic picture of the reverberation chamber measurement setup

A.4.3 Polarization imbalance and receiving antennas

It isimportant that the statistical distribution of wavesin the chamber corresponds to the chosen test environment.
Present knowledge about reverberation chambers limits this to isotropic environments, i.e. the TRP and TRS parameters
can be measured. Since the probability of each polarization is equal in the isotropic environment, a check of the
polarization imbalance in the reverberation chamber must be done.

The polarization imbalance can be obtained during the calibration measurement by measuring both when the calibration
antennais oriented for vertical polarization and when it is oriented for horizontal polarization. These two values shall
differ by less than the specification in Table A.4.3-1. In order to obtain values for comparison with the resultsin the
table, the reference levels shall be measured for both orientations of the calibration dipole at 8 different positions of the
dipole inside the chamber. The average, standard deviation and maximum deviation shall be evaluated by comparing
results for both polarizations over the whole set of 8 measurements. Alternatively, the levels for the two polarizations of
the calibration antenna at 1 MHz intervals between 1900 MHz and 2200 MHz can be measured, and thereafter the
average, standard deviation and maximum of the difference between the two sets of values over these frequency ranges
are calculated.
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An effective way of avoiding polarization imbalance is to use polarization stirring, i.e. using three orthogonal linearly
polarized receiving antennas. These three receiving antennas may be monopol es connected orthogonally to three
different and orthogonal walls (including ceiling/floor) of the chamber. The three antennas are below referred to asthe
three fixed wall mounted antennas.

Table A.4.3-1: Specifications of differences of measured reference levels in each frequency band
between using vertically and horizontally polarized calibration dipoles

Maximum tolerable value
Average 0.2dB
Standard deviation 0.5dB
Maximum 1.0dB

A.4.4 Measurement antennas

It isimportant that the measurement antennas are configured in such away that the statistical distribution of wavesin
the chamber in average corresponds to an isotropic environment.

A.4.5 Chamber size and characteristics

The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated
accuracy at the lowest operating frequency. If the UE is moved around in the chamber during the measurement, the
volume of the reverberation chamber can be reduced. Also, frequency stirring can be used to improve the accuracy.
However, this will reduce the resolution of the results correspondingly.

The reverberation chamber can be loaded with lossy objectsin order to control the power delay profile in the chamber
to some extent. However the reverberation chamber should not be loaded to such an extent that the mode statisticsin the
chamber are destroyed. It isimportant to keep the same amount of lossy objectsin the chamber during calibration
measurement and test measurement, in order not to change the average power transfer function between these two

cases. Examples of lossy object are head and hand phantoms.

Furthermore, the DUT must not be closer than 0.5 wavelengths to other electromagnetic reflective objectsinside the
chamber and 0.7 wavelengths to absorbing objects.

A.4.6  Shielding effectiveness of the chamber

The shielding effectiveness of the chamber shall be aslarge as needed for the interference from other sources not to
influence the measured parameters. This means that the requirements of the shielding is specific to each test site and
may vary accordingly.

The recommended level of the shielding effectivenessis-100 dB from 800 MHz to 4 GHz. See Annex H for more
details on shielding effectiveness validation.

A.5  Anechoic chamber constraints for Radiated
Performance of Multiple-antenna Receivers

A5.1 General

An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antenna
probes located in the chamber transmitting signals with temporal and spatia characteristics for testing multiple antenna
devices.

This clause describes the methodol ogies based on Anechoic RF Chamber, where a number of test antennas are located
in different positions of the chamber, and the Device Under Test (DUT) islocated at centre position. The DUT istested
over the air without RF cables.
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A.5.1.1 Multi-probe Anechoic Chamber

An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antennas
located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna
devices. The method consists of a number of test antennas located in different positions of the chamber, and the device
under test (DUT) islocated at the centre position. The DUT istested over the air without RF cables.

The Anechoic chamber techniques creates a realistic geometric based spatio-temporal -polarimetric radio channel for
testing MIMO performance using Geometric based stochastic channel models as defined in Annex M. 1.

The components of the solution include:
- Anechoic Chamber
- System Simulator (SS)
- N channel RF emulator, with OTA Channel Generation Features
- Nlinearly polarized antenna elements configured V, H or co-located V&H or slant X polarizations
- K azimuthally separated antenna positions with predefined angles at radius R
- Channel model definition for each test case

An illustration of an anechoic chamber is shown in Figure A.5.1.1-1 below.

Figure A.5.1.1-1: N-element Anechoic Chamber approach (Absorbing tiles and cabling not shown)

Anechoic
Chamber

,,/ ,,,,,,,,,,,,,,,,,,,,,,
MxN 2 -+
,,/ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
SS M Mimo _72. .
Channel 4 +
2 g
Emulator e S ‘ |

Return Path

Figure A.5.1.1-2: OTA system level block diagram
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A system level block diagram is shown in Figure A.5.1.1-2, which includes the SS to generate the M branch MIMO
signal, and an RF Channel Emulator with an OTA Channel Generation Feature to properly correlate, fade, scale, delay,
and distribute the signal to each test probe in the chamber. For the selected environmental conditions modelled by the
SCME UMaand UMi channel models, the minimum setup configuration can be described as below:

Table A.5.1.1-1: Example of a minimum setup for Boundary Array implementations
using the Anechoic Chamber Methodology

Full Ring Single Cluster
Minimum number of antenna positions 8 3
Antenna spacing 45° Determined on the setup
Applicable channel model SCME UMa/SCME UMi | Single Cluster UMa and Single Cluster UMi

The full SCME or Multi-Cluster channel models are defined in Annex M. 1. The Single-Cluster model, which is not part
of the set of channel models validated in clause 8, would be based on the channel models defined in Annex M.1 with a
set of dithered AoAs around zero degrees.

A5.1.1.1 Concept and configuration

For MIMO OTA modelling the geometric channel models are mapped into the fading emulator, converting the
geometric channel models into the emulator tap coefficients. This processisillustrated in Figure A.5.1.1.1-1.

OTA modelling
——> tool Fading emulator
(mapping software)

Software (Matlab)
Implementation

Geometric Channel

Model / N\
SCM/SCME/WINNER/ oma
IMT-Advanced ! Chamber

L Q \ /

Figure A.5.1.1.1-1: Modelling process

The setup of OTA chamber antennas with eight antenna positionsis depicted in Figure A.5.1.1.1-2. The DUT is at the
centre, and the antennas are in a circle around the DUT with uniform spacing (e.g. 45° with 16 elements arranged in 8
positions, where each position contains a vertically and horizontally polarized antenna pair). Denoting directions of K
OTA antennas with é, k=1, ..., K, and antenna spacing in the angle domain with 46. Each antennais connected to a
single fading emulator output port. In the figure, for example, antenna A1y denotes the first OTA antenna position and
Vertically (V) polarized element, Agy denotes the eight OT A antenna position and horizontally (H) polarized element,
etc.
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Figure A.5.1.1.1-2: OTA chamber antenna setup with eight uniformly spaced dual polarized chamber
antennas

NOTE: Inthedrawing the V-polarized elements are actually orthogonal to the paper (azimuth plane)

A.5.2 Testing environment conditions

This annex lists the testing environment conditions for all DUT types relevant to testing of radiated performance of
multiple-antenna receivers. The use cases (positioning) discussed here are applicable for all methodologies, however the
orientation and rotations described may be applicable for some methodol ogies only, and not for some other
methodologies.

Table A.5.2-1 below lists the testing environment conditions along with a diagram and applicable references. The
reference coordinate system and orientation of devicesin that coordinate system is shown in Figure A.5.2-1 below that
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. For laptops the definitions specified in 3GPP TR 25.914 [3] (and repeated herein
Table A.5.2-1) are used. In the case of methodologies utilizing a spatial channel model in Figure A.5.2-1, the X axis
points towards the channel model reference. For example in the case of an anechoic chamber utilizing 2D antenna array
in the azimuth plane (XY plane from Figure A.5.2-1) thisis the direction of the first probe at O degrees.
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Figure A.5.2-1: Reference coordinate system and reference device orientation

First the terminology used below is defined here. Where possible consistency with [3], [30], [31] and [32] is sought.

Use Case (Position): the use case (position) indicates how the DUT isrelated to its environment. Thisincludes the
following example use cases:. free space, beside head, beside head and hand, hand only, etc. Note that formerly this has
been referred to as position in [6] aswell asin [32]. Since to date only isotropic metrics have been used (TRP/TRS) 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
actua orientation relative to the spatial incoming signals. For some methodologies not utilizing spatial channel models
this distinction might not be necessary.

Orientation: The orientation of the device in three dimensional space is defined using the three Euler angles — W-yaw;
®-pitch; @-roll as defined in [30] and [31] and linked to the reference coordinate systems and reference orientation from
Figure A.5.2-1. Note that for most use cases practical considerations of how to position the DUT together with the
phantom may determine the DUT orientation.

Rotation: Once positioned for a specific use case and oriented within the reference coordinate system, the DUT and
phantom are rotated within the test zone to measure the performance under various spatial channel illuminations. The
rotation is defined with the same Euler angles but expressed as vectors of equal size. An exampleis given below:

EXAMPLE: Consider aDUT measured in an anechoic chamber [29].
To measure the free space use case in the Y Z plane (see Table A.5.2-1) for example at every 30
degrees the rotation vectors would be as follows:

¥Y=[00000000000Q] - avector of 12 zeros indicating no rotation from the reference position for any phi
value below

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

@ =[030 6090 120 150 180 210 240 270 300 330] — a vector of 12 ditinct rotations from the reference position
representing arotation along the azimuth plane with a step of 30 degrees.
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These vectors unambiguously define that the DUT is to be oriented with the screen up and rotated in azimuth every 30
degrees. The principal antenna pattern cuts (XY plane, XZ plane, and Y Z plane) are defined in [30]. The XY plane cut
corresponds to the absol ute throughput testing condition applied to the CTIA reference antennas for the inter-lab inter-
technique activity. They XZ plane and Y Z plane cuts are shown for completeness and are not required for the absolute
data throughput framework. The Y Z 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.
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Table A.5.2-1: Summary of possible testing environment conditions for devices supporting DL MIMO
data reception
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. DUT
DUT type and Testing . . .
dimensions condition orientation Diagram
angles
Handset, tablet, Y=0;
CTIA reference | XY plane or PO 0=0;
antennas o=0
Handset, tablet, Y=90;
CTIA reference | XZ plane or LO 0=0;
antennas o=0
Free space
Handset, tablet, data mode Y=0;
CTIA reference screen up (FS ©=-90;
antennas DMSU) or =0 ’
YZ plane or -
Face Up
Y=0;
Handset, tablet Face Down ©=-90;
=0
Free space W=0
Handset, tablet data mode ©=-45;
portrait (FS -0
DMP) -
Y=0;
Handset, tablet Frec_a space ©=45;
portrait tilt down =0
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Free space
data n?ode W=90;
Handset, tablet ©=-45;
landscape (FS | ¢,_ _ | ilt
DML)
Free space Y=90;
Handset, tablet landscape tilt ©=45;
down O=0 — left tilt
Left/right hand
. narrow Y=0;
Handggtr,nvr:?dth < phantom data ©=-45;
mode portrait =0
(LH/RH DMP)
Left/right hand
PDA phantom Y=0;
ot S | daamode | 0-45
portrait (LH/RH =0
DMP)
Y=60;
0=6;
Beside head ®=-90 — right
Handset width < and hand side9
56 mm right/left Y=-60;
(BHHR/BHHL) ©=-6;
©=90 - left
side
Y=60;
0=6;
Beside head ®=-90 — right
Handset 56 < and hand side
width < 72 mm right/left Y=-60;
(BHHR/BHHL) ©=-6;
©=90 - left
side
LME Laptop ground g;g
plane phantom =0
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NOTE 1: The orientation angles given in the table define a set of use cases and orientations relative to the
spatial channel model. The rotation angles to be used for measurements are FFS. Methodologies
not utilizing spatial channel models might not need to define any rotations but are expected to
measure for the given use cases.

NOTE 2: The CTIA reference antennas have been defined for inter-lab inter-technique testing for the
purposes of comparing MIMO OTA methodologies.

NOTE 3:  For DMP, other pitch positions can be considered FFS.

NOTE 4: 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.

NOTE 5:  Screen up flat positioning reference corresponds to a possible USB/WLAN tethering case, details
of implementing this DUT orientation condition such as additional cabling, etc., are FFS.

NOTE 6: Left/right/both hand phantoms for the DML usage scenario are not currently defined in 3GPP; until
these phantom designs become available, is possible to only define a DML usage scenario in free
space.

NOTE 7:  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 8: 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 LEE measurement in free
space is the principal XY plane cut with respect to this reference.

NOTE 9: The orientation angles for the talk mode position are only approximate. The phone positioning is
defined as in [3] and in [32] relative to the SAM phantom.

The Data Mode Portrait (DMP) conditions are defined in TR 25.914 [3], and are included in this table for completeness.
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 [31]. This testing condition considers free space for all handset
sizes until aDML phantom design becomes available, at which time the testing condition will be revisited.

The Laptop Mounted Equipment (LME) and Laptop Embedded Equipment (LEE) testing conditions are well defined in
TR 25.914 [3] and constitute an XY plane cut measurement, given the proper orientation of the lid of the laptop ground
plane phantom (in the case of LME) or of the laptop itself (in the case of LEE).

Given a 2D ring of symmetrically distributed probes[29]:
- The XZ planeissimilar to the DML mode except for the additional 45 degrees pitch in the DML

- For the phantom case the tilt of the DML caseis very relevant since the interaction of the phantoms with the
antennas will depend on it — see Figure A.5.2-2.
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Figure A.5.2-2: Left and Right tilts for landscape mode with left hand phantom
shown to interact differently with the antennas depending on the tilt

A.5.2.1 MPAC Positioning Guidelines

In order for the anechoic chamber multi probe system to emulate the intended propagation statistics within the region of
space incident on the DUT antennas, two concepts determine the associated antenna spacing and positioning guidelines.
The maximum antenna spacing in the DUT must be within the limit determined by the anechoic chamber multi probe
system’ s ability to emulate the spatial correlation function, and the power stability of the field incident on the DUT
antennas must be verified.

MPAC probe ring

MPAC probe ring

Maximum allowed
antenna separation
for emulation of
spatial correlation
function

EUT placement
(centered on axis of rotation)

EUT placement
(not centered on axis of
retation)

Maximum allowed
antenna separation

for emulation of
spatial correlation

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

a) system (unverified) b) system (unverified)

Figure A.5.2.1-1: lllustration of DUT antenna spacing and positioning guidelines;
a) guideline in this specification, b) example with DUT meeting the maximum allowed antenna
separation but not within the verified power stability region
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As the channel model validation procedures for spatial correlation as defined in [29] are to be performed at the
downlink centre frequency in 3GPP TS 36.508 [10], the maximum antenna spacing in the DUT shall be defined by the
wavelength per operating band centre frequency of the middle channel of the downlink at the band under test. A
verification of power stability can be derived from the spatial correlation verification resultsin [29]. Given that this
verification spans a region with a diameter of 1 wavelength cantered on the axis of rotation in the chamber and that the
performance demonstrated by multiple 8 dual-polarized probe MPAC implementationsin [29] has shown good
alignment up to 0.85 lambda for SCME UMi, the region where DUT antennas shall be placed (the MIMO OTA test
zone) shall be defined in the same way (see Figure A.5.2.1-1a above) but further confined by the 0.85 lambda antenna
separation limit for SCME UMi. Figure A.5.2.1-1b above provides an example of aDUT 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 and the verification of the test zone, as
well as SCME UMa considerations, are expected as part of future work.

The region of uniform power delivered by the MIMO system (unverified) as shown in Figure A.5.2.1-1 isan indication
of the region where the wave front may maintain its uniformity. Therefore, it may be used to extend the test volume but
isnot allowed at thistime. It is considered unverified because the validation of spatial correlation provides a verification
that spans aregion of 1 lambda. Any further extension of the verified test volume would require an update to the spatial
correlation validation in [29].

The DUT maximum antenna spacing and placement within the test zone shall be defined by the following two-tier
methodol ogy due to the primary radiation modes below 1 GHz and above 1 GHz and how they relate to the device
and/or antenna size.

When operating in frequency bands lower than 1GHz, the physical centre of the DUT shall be placed in the chamber
centre, the DUT shall be completely contained within the volume defined by the respective operating band equivalent to
a sphere with aradius equal to 0.425 wavelengths as defined in Tables A.5.2.1-1 and Tables A.5.2.1-2 for SCME UMi.

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 centre following guidance defined in Figure A.5.2.1-2 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 aradius equal to 0.425
wavelength defined in Tables A.5.2.1-1 and Tables A.5.2.1-2 for SCME UMi. The definition of the equidistant point
between the DUT MIMO antennas shall be provided through manufacturer declaration for all operating bands where the
maxi mum antenna separation requirement has been met. The location of the equidistant point(s) for each operating band
shall be identified by the manufacturer by either marking the device utilized for MIMO OTA testing or by providing
clear instructions to the test operator as to the physical location(s).

The two-tier approach is needed to be technically correct when defining the MPAC test volume. While the geometric
centre can be used in frequencies lower than 1GHz, the same methodology will add unnecessary limitations for test
applicability in frequencies above 1GHz. In this case, manufacturers will need to provide further information to enable
the proper definition of the test volume. Ideally, the same approach adopted in frequencies above 1 GHz could be used
for all frequencies. However, the extra positioning work and need to identify the equidistant point between the DUT
MIMO antennasisn't necessary for frequencies under 1GHz since the wavelength dimension is large enough for all
handsets, phablets, and most tablets and laptops.
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Figure A.5.2.1-2: Definition of distance between MIMO antennas and DUT centre, maximum physical
separation, or E-field maximum separation defined by manufacturer
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Table A.5.2.1-1: Test zone dimension definition vs. FDD band of operation

Band DL middle channel | 0.85*Wavelength Test volume
frequency (MHz) (m) middle sphere radius
channel (m)
1 2140 0.119 0.060
2 1960 0.130 0.065
3 1842.5 0.138 0.069
4 21325 0.119 0.060
5 881.5 0.289 0.145
6 880 0.290 0.145
7 2655 0.096 0.048
8 942.5 0.270 0.135
9 1862.4 0.137 0.068
10 2140 0.119 0.060
11 1485.9 0.171 0.086
12 7375 0.346 0.173
13 751 0.339 0.170
14 763 0.334 0.167
17 740 0.344 0.172
18 867.5 0.294 0.147
19 882.5 0.289 0.144
20 806 0.316 0.158
21 1503.4 0.169 0.085
22 3550 0.072 0.036
23 2190 0.116 0.058
24 1542 0.165 0.083
25 1962.5 0.130 0.065
26 876.5 0.291 0.145
27 860.5 0.296 0.148
28 780.5 0.326 0.163
29 722.5 0.353 0.176
30 2355 0.108 0.054
31 465 0.548 0.274
32 1474 0.173 0.086
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Table A.5.2.1-2: Test zone dimension definition vs. TDD band of operation

Band DL middle channel | 0.85*Wavelength Test Volume
frequency (MHz) (m) middle Sphere Radius
channel (m)
34 2017.5 0.126 0.063
35 1880 0.136 0.068
36 1960 0.130 0.065
37 1920 0.133 0.066
38 2595 0.098 0.049
39 1900 0.134 0.067
40 2350 0.108 0.054
41 2593 0.098 0.049
42 3500 0.073 0.036
43 3700 0.069 0.034
44 753 0.338 0.169

The positioning of the device under test within the test volume shall be set as defined above and in [29].

The environmental requirements for the device under test shall be set as defined in Annex M.
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Annex B (normative): Calibration

B.1 General

The relative power values of the measurement points will be transformed to absol ute radiated power values (in dBm) by
performing a calibration measurement. The calibration measurement is done by using a reference antenna with known
efficiency or gain values. In the calibration measurement the reference antennais measured in the same place asthe

DUT, and the attenuation of the complete transmission path ( L, ) from the DUT to the measurement receiver/NB/BS
simulator is calibrated out.

The gain and/or radiation efficiency of the reference antenna shall be known at the frequency bands in which the
calibrations are performed. Recommended calibration antennas are monopole antennas or sleeve dipoles tuned for the
each frequency band of interest. Alternatively, other methods may be used if they ensure an equal or greater level of
accuracy. A network analyzer is recommended to be used to perform the calibration measurement. Also other devices
can be used to measure attenuation.

The principle is based on the use of calibration/substitution antennas presenting an efficiency known with a sufficient
accuracy in the measurement bandwidths. Such a calibration antennais placed on the DUT positioner at the exact UE
location used for TRP and TRS measurement. It is possible to use a mechanical piece to place the calibration antenna on
the positioner. This mechanical piece should not present any electromagnetic properties, which could influence the
frequency response and the radiation properties of the calibration antenna.

B.2Calibration procedure

B.2.1 Calibration procedure for Anechoic chamber method

For the anechoic chamber method, the calibration is performed individually for the both orthogonal polarizations, all the
transmission paths and all frequencies used in the testing. An illustration of the substitution configuration is shown in
Figure B.2.1-1.

Lot i the attenuation between P and B, see Figure B.2.1-1.

Ltotal = (LAB - LAC + Ecal)

Where L, iscablelossfrom A to C. The cable AC connecting the substitution antenna should be such that its

influence upon radiation pattern measurementsis minimal. L, isthe attenuation between points A and B. In TRP and
TRS measurements point B is connected to the calibrated input/output port of measurement receiver.

E., istheefficiency or gain of the calibration antenna at the frequency of interest.
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Figure B.2.1-1: Calibration/substitution procedures using a vector network analyzer

If the calibration is based on known efficiency of the calibration antenna, a full spherical scanning is performed to
determine L5 . Unless the otherwise specified in the calibration antenna documentation, TRP sampling grid in clause

4.4 and equation for TRP in clause 6 should be used for head and hand phantom and TRP sampling grid in clause 4.4
and equation for TRP in clause 6 should be used for laptop ground plane phantom and embedded devices.

This procedure has to be done at each frequency of interest.

To achieve measurements with an uncertainty aslow as possible, it is absolutely necessary to exactly keep the same P to
B configuration (cables, dual-polarized antenna.

B.2.2 Calibration procedure for Reverberation chamber method

For the reverberation chamber method, al polarizations and transmission paths are included in one calibration
measurement. The calibration antenna can be place in an arbitrarily position, aslong asit is placed 0.5 wavelengths
from other metallic objects and 0.7 wavelengths from absorbing objects. An illustration of the measurement setup for
this procedure is shown in Figure B.2.2-1.

The purpose of the calibration measurement is to determine the average power transfer function in the chamber,
mismatch of fixed measurement antennas and path losses in cables connecting the power sampling instrument and the
fixed measurement antennas. Preferably a network analyzer is used for these measurements. Recommended calibration
antennas are dipoles tuned to the frequency band of interest.

In general, the calibration of a reverberation chamber is performed in three steps:
1. Measurement of S-parameters through the reverberation chamber for a compl ete stirring sequence
2. Calculation of the chamber reference transfer function
3. Measurement of connecting cable insertion loss

If several setups are used (e.g. empty chamber, chamber with head or hand phantom, etc.), steps 1 and 2 must be
repeated for each configuration. The calibration measurement setup is shown in Figure B.2.2-1.
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Figure B.2.2-1: Calibration measurement setup in the reverberation chamber, using a vector network

analyzer

B.2.2.1 Measurement of S-parameters through the chamber for a complete

stirring sequence

This step will measure S-parameters through the reverberation chamber through a complete stirring sequence. This
information is required to determine the chamber’s reference transfer function. The procedure must be performed
separately for each measurement setup of which the loading of the chamber has been changed. The calibration
procedure must be repeated for each frequency as defined above. Therefore, it is advantageous if the network analyzer
can be set to afrequency sweep covering the defined frequencies, so that al frequencies of interest can be measured
with a minimal number of measurement runs.

Place al objects into the RC which will be used during TRP or TRS measurements, including a head phantom,
hand phantom and fixture for the EUT. This ensures that the lossin the chamber, which determines the average
power transfer level, is the same during both calibration and test measurements. Also, if the EUT islarge or
contains many antennas, it may represent a noticeable loading of the chamber. It should then be present in the
chamber and turned on during the calibration.

i. Place the calibration antennainside the chamber. The calibration antennais preferably mounted on a low-loss

dielectric fixture, to avoid effects from the fixture itself which may affect the EUT’ s radiation efficiency and
mismatch factor. The calibration antenna must be placed in the chamber in such away that it is far enough from
any walls, mode-stirrers, head phantom, hand phantom, or other object, such that the environment for the
calibration antenna (taken over the complete stirring sequence) resembles a free space environment. “Far enough
away” depends on the type of calibration antenna used. For low gain nearly omni-directional antennas like
dipoles, it is normally sufficient to ensure that this spacing is larger than 0.5 wavelengths. More directive
calibration antennas should be situated towards the centre of the chamber. The calibration antenna should be
present in the chamber during the TRP/TRS measurements.

Calibrate the network analyzer with afull 2-port calibration in such away that the vector S-parameters between
the ports of the fixed measurement antenna and the calibration antenna can be accurately measured. Preferably,
the network analyzer is set to perform a frequency sweep at each stirrer position. This will enable calibration of
several frequency points during the same stirring sequence, thereby reducing calibration time. Thiswill also
enable frequency stirring, i.e., averaging the measured power transfer function over a small frequency bandwidth
around each measured frequency point (moving frequency window). This will increase accuracy at the expense
of frequency resolution.

iv. Connect the antennas and measure the S-parameters for each stirrer position and each fixed measurement

antenna.
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The number of stirrer positions in the chosen stirring sequence, i.e. the number of S-parameter samples at each
frequency point, should be chosen in such away that it islarge enough to yield an acceptable statistical contribution to
the total measurement uncertainty. As aguideline it should be larger than 100, preferable 200 or 400 to ensure that the
number of independent samplesis not severely limited by the total humber of samples measured. The number of
independent samples, which is a subset of all samples, determines the statistical contribution to the expanded accuracy
(which istwo times the standard deviation). This should be not less than 100 to ensure an expanded accuracy better than
0.5 dB. The number of independent samples depends on the operating frequency, volume of the chamber, efficacy of
the chamber’ s stirrers, the level of loading by absorbing objects, and whether or not frequency stirring is used.

The sequence of moving the stirrers to different positions may be either step-wise (stopping stirrer for each sample) or
continuous (sampling on-the-fly). With continuous stirring it may not be possible to characterize the chamber over a
wide frequency band at the sametime.

B.2.2.2 Calculation of the chamber reference transfer function

From the S-parameters obtained in the calibration measurement, the chamber reference transfer function for fixed
antenna n can be calculated. The reflection coefficient for fixed antenna n can be calculated by the following equation,

2

R, = =S

1 M
M ; Sll,n,m
Thus, the chamber reference transfer function can be calculated by the following equation,

13 Supm 1
“MiEE-R (s, e

‘ 2

where M is the total number of samples of the transfer function measured for each fixed measurement antenna and
S,1nm issample number m of the transfer function for measurement antennan. Moreover, S,, is the complex

average of the calibration antenna reflection coefficient. Finally, € isthe radiation efficiency of the calibration
antenna.

NOTE: Theradiation efficiency of the fixed antennais not corrected for because it will be the same both during
calibration and measurements. Therefore, the fixed antenna’ s radiation efficiency will not affect the final
results. The same can be said about the mismatch factor of the fixed measurement antennas, but it is still
advantageous to correct for this factor if frequency stirring is applied to improve accuracy.

B.2.2.3 Cable calibration

This measurement step will calibrate the power loss of the cable needed to connect the instrument used to measure the
received power at the fixed measurement antenna during TRP measurements, and to generate the power radiated by the
fixed antenna during TRS measurements.

i. Disconnect the cables between the VNA and the chamber.

ii. Connect the cables one-by-one between the two ports of the network analyzer. The VNA must be calibrated at its
own two ports.

iii. Measure the frequency response of the transmission S-parameter (S,, or S, ) of the cable.

iv. Save the power transfer values ( |S.21|2 ) of the frequency response curve for the test frequencies and cables
positions, etc).

Calibration shall be performed yearly or if any equipment in the measurement system is changed.
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B.2.3 Calibration procedure for Anechoic chamber method with
Multiprobe configuration

The system needs to be calibrated in two stepsin order to ensure that the absolute power is correct. The first calibration
steps ensures the accurate generation of the channel model in the centre of the chamber as required by Annex L .4.

The second step validates the total power as would be seen by the DUT and allows for that power to be scaled up or
down if necessary.

Considering the complexity of the system various way to calibrate are possible. The end goals are however the same no
matter the exact procedure. The two steps must achieve the following:

Step 1. This step is used to equalize the power in the centre coming from the different probes. This being a
relative measurement is very robust and with minimal uncertainty. It is sufficient to use instruments calibrated
according to the manufacturer's specifications and the measurements require no additional calibration. This step
isdone for both vertical and horizontal polarizations. The relative differences between probe path losses are
recorded and used (typically in the fading emulator) to adjust the generated fading signals for each probe.
Example measurement set-up is shown in Figure B.2.3.1-1.

NOTE 1: If Step 1 is performed as an absol ute measurement accounting for the cable and reference antenna gains
Step 2 can be omitted.

Step 2: This step is used to measure the total absolute power of at |east one polarization in the centre of thering.
Then assuming that validation of the channel models has been done, the total power available to the DUT in the
centre of the chamber can be computed. If necessary the power can be scaled up or down to achieve the desired
power level. Since thisis an absolute power measurement, the measurement cable and reference antenna gains
have to be accounted for.

NOTE 2: To minimize measurement uncertainty the passive and active components of the system may be calibrated
independently as well as at different intervals.

NOTE 3: Step 2 of the calibration should be performed with the channel model loaded and LTE signalling active.
Sufficient amount of time averaging is required because of the fading nature of the models used.

NOTE 4: Various ways of performing the two steps may exist depending on the equipment used.
Thelab isresponsible for providing a comprehensive calibration procedure.

NOTE 5: Steps one and two may be combined with the channel verification procedure.

NOTE 6: The calibration must be performed for all frequencies of interest.

B.2.3.1 Example Calibration Procedure

The calibration procedure outlined below is only one possibility based on a concrete measurement set-up.
I mprovements can be made to minimize measurement uncertainty.

Step 1 (see Figure B.2.3.1-1)

1. Place avertical reference dipolein the centre of the chamber, connected to a VNA port, with the other VNA port
connected to the input of the channel emulator unit.

2. Configure the channel emulator for bypass mode (NOTE this might not be available in al instruments)
3. Measure the response of each path from each vertical polarization probe to the reference antennain the centre.

4. Adjust the power on all vertical polarization branches of the channel emulator so that the powers received at the
centre are equal.

5. Repeat the steps 1 to 4 with the magnetic loop and horizontally polarized probes instead, and adjust the horizontal
polarization branches of the channel emulator.
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NOTE: Atthisstageal vertical polarization paths have equalized gains, and so do all horizontal polarization
paths. The two polarizations however do not necessarily produce the same signal strength in the centre of
the chamber — this most commonly happens if two physically different channel emulators are used for the
two polarizations. The resulting power imbalance can be accounted for either at this step or adjusted at
point 7 of step 2.

Test antenna

Fading i
VNA emulator | TY Y
A
4

Chamber

Figure B.2.3.1-1: Setup for VNA measurements

Step 2 (see Figure B.2.3.1-2)

1. Place avertical reference dipolein the centre of the chamber connected to a spectrum analyzer viaan RF cable.
NOTE: A power meter can also be used.

2. Record the cable and reference dipole gains.
3. Load the target channel model

4, Start the LTE signalling in the base station emulator with the required parameter identical to the measurements
conditions (some special instrument options might be necessary).

5. Average the power received by the spectrum analyzer for a sufficient amount of time to account for the fading
channel — one full channel simulation might be unnecessary.

6. Repeat steps 1 to 4 with a magnetic loop for the horizontal polarization (NOTE: this way no prior validation of
the channel model is required)

7. Calculate the total power received at the test area as the sum of the power in the two polarizations.

8. Adjust the power in the two polarizations if necessary. The power adjustment can be a simple scaling of the
power up or down or adjustment of the XPR due to dight differences in the fading unit's branches. Depending on
the adjustment needed, it can be done at the base station emulator or the channel emulator or both.
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Figure B.2.3.1-2: Example setup for step 2 of the calibration
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Annex C (informative). Measurement test report

C.1 General

Operational mode, model and serial number of the DUT shall be documented to the test report. Whether the DUT is
positioned against the phantom head with a specific device holder or by other means it should be described in the test
report. When the DUT is positioned on the hand phantom it should be described in the test report. When the DUT is
positioned on the laptop ground plane phantom it should be described in the test report. A photograph of the test setup is
recommended.

Test equipment list should be included in the test report.

TRP [dBm] and TRS [dBm] values shall be reported for each tested channel and for each side of the head and a
frequency band average shall be calculated by using the following equations when the phantom head is used.

TRPow right TRPrig right TRPhign right TRPow_1eit TRPg 1eit TRPhigh_1eft
=5 10 A)+10 A)+10 A)+10 °+10 4’+10 10
TRP =10log 5
—— 6
TRS=10l 0g *TRSW_righ/ *TRSﬁd_rigV *TRShigh_rigV ~TRSow_jeft ~TRSyig it *TRSnithef/
110 °+10 °+10 °+10 °+10 °+10 10

TRP [dBm] and TRS [dBm] values shall be reported for each tested channel and for each hand and a frequency band
average shall be calculated by using the following equations when the hand phantom is used.

TRR,

low._right TRPuid_right TRPhign _right TRPow Ieit TRPyig 1eit TRPhign_1eit
10 A)+10 A)+10 A)+10 °+10 4’+10 10

TRP =10log 5

6

TRS = 10| Og _TRSUWJight/ _TRSm'dirigV _TRSnighirigV _TRSwvileh _TRSm'dileh _TR%ighileﬁ
.10 10410 10410 10410 10410 10410 10

TRP [dBm] and TRS [dBm] values shall be reported for each tested channel and a frequency band average shall be
calculated by using the following equations when the laptop ground plane phantom is used and when the embedded
devices are tested.

_ TRP,,, /10 TRP,;4 /10 TRPyign /10
TRE_ 10|Og{10 +10 +10 }

3

_ 1 1 1
TRS=10l 0{7/ ( 1OTRSOW/10 + 1OTRSm-d/10 + 1OTR31igh/lO ﬂ

The expanded measurement uncertainty, assessed according Annex E, shall be documented next to the corresponding
TRP and TRS results. The uncertainty calculation shall be made available.
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Annex D (normative): Maximum uncertainty of test system
and test tolerance

D.1  Maximum uncertainty of test system

The maximum acceptable uncertainty of the Test System is specified in Table D.1-1 for each test, where
appropriate. The Test System shall enable each test to be measured with an uncertainty not exceeding the specified
values. All ranges and uncertainties are absol ute values and are valid for a confidence level of 95 %.

In Annex E, the estimation of measurement uncertainty is defined.
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Table D.1-1: Maximum Test System uncertainties for OTA tests
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Clause

Maximum Test System Uncertainty

Derivation of Test System
Uncertainty

6.1.1 TRP for UTRA FDD in Speech
Mode with beside the Head
Phantom

Bands LILILIV,V,VLVILVIIIX
+1.9 dB for single measurement

Refer to Annex E

6.1.2 TRP for UTRA TDD in Speech
Mode with beside the Head
Phantom

Bands a,e,f
+1.9 dB for single measurement

Refer to Annex E

6.1.3 TRP for UTRA FDD in Speech
Mode with beside the Head and
Hand Phantom

+1.9 dB for single measurement

[TBD]

6.1.4 TRP for UTRA TDD in Speech
Mode with beside the Head and
Hand Phantom

+1.9 dB for single measurement

[TBD]

6.1.5 TRP for E-UTRA FDD in
Speech Mode with beside the Head
and Hand Phantom

[TBD]

[TBD]

6.1.6 TRP for E-UTRA TDD in
Speech Mode with beside the Head
and Hand Phantom

[TBD]

[TBD]

6.1.7 TRP for UTRA FDD in
Browsing Mode with Hand Phantom

[TBD]

[TBD]

6.1.8 TRP for UTRA TDD in
Browsing Mode with Hand Phantom

[TBD]

[TBD]

6.1.9 TRP for E-UTRA FDD in
Browsing Mode with Hand Phantom

[TBD]

[TBD]

6.1.10 TRP for E-UTRA TDD in
Browsing Mode with Hand Phantom

[TBD]

[TBD]

6.2.1 TRP for UTRA FDD LME

Bands LILILIV,V,VLVILVIILIX
+1.9 dB for single measurement

Refer to Annex E

6.2.2 TRP for UTRA TDD LME

Bands a,e,f
+1.9 dB for single measurement

Refer to Annex E

6.2.3 TRP for E-UTRA FDD LME [TBD] [TBD]
6.2.4 TRP for E-UTRA TDD LME [TBD] [TBD]
6.3.1 TRP for UTRA FDD LEE Bands LI I1LIV,V,VLVILVIILIX Refer to Annex E

+1.9 dB for single measurement

6.3.2 TRP for UTRA TDD LEE

Bands a,e,f
+1.9 dB for single measurement

Refer to Annex E

6.3.3 TRP for E-UTRA FDD LEE

+1.9 dB for single measurement

[TBD]

6.3.4 TRP for E-UTRA TDD LEE

+1.9 dB for single measurement

[TBD]

7.1.1 TRS for UTRA FDD in Speech
Mode with beside the Head
Phantom

Bands LILILIV,V,VLVILVIIIX
+2.3 dB for single measurement

Refer to Annex E

7.1.2 TRS for UTRA TDD in Speech
Mode with beside the Head
Phantom

Bands a,e,f
+2.3 dB for single measurement

Refer to Annex E

7.1.3 TRS for UTRA FDD in Speech | +2.3 dB for single measurement [TBD]
Mode with Head and Hand Phantom

7.1.4 TRS for UTRA TDD in Speech | +2.3 dB for single measurement [TBD]
Mode with beside the Head and

Hand Phantom

7.1.5 TRS for E-UTRA FDD in [TBD] [TBD]
Speech Mode with beside the Head

and Hand Phantom

7.1.6 TRS for E-UTRA TDD in [TBD] [TBD]
Speech Mode with beside the Head

and Hand Phantom

7.1.7 TRS for UTRA FDD in [TBD] [TBD]
Browsing Mode with Hand Phantom

7.1.8 TRS for UTRA TDD in [TBD] [TBD]
Browsing Mode with Hand Phantom

7.1.9 TRS for E-UTRA FDD in [TBD] [TBD]
Browsing Mode with Hand Phantom

7.1.10 TRS for E-UTRA TDD in [TBD] [TBD]
Browsing Mode with Hand Phantom

7.2.1 TRS for UTRA FDD LME Bands LILILIV,V,VLVILVIIILIX Refer to Annex E

+2.3 dB for single measurement
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7.2.2 TRS for UTRA TDD LME Bands a,e,f Refer to Annex E
+2.3 dB for single measurement
7.2.3 TRS for E-UTRA FDD LME [TBD] [TBD]
7.2.4 TRS for E-UTRA TDD LME [TBD] [TBD]
7.3.1 TRS for UTRA FDD LEE Bands I ILIILIV,V,VLVILVIIILIX Refer to Annex E

+2.3 dB for single measurement

7.3.2 TRS for UTRA TDD LEE

Bands a,e,f
+2.3 dB for single measurement

Refer to Annex E

7.3.3 TRS for E-UTRA FDD LEE

+2.3 dB for single measurement

[TBD]

7.3.4 TRS for E-UTRA TDD LEE

+2.3 dB for single measurement

[TBD]

7.4.1 Radiated Performance of
Multiple-antenna Receivers FDD

+2.65 dB for MPAC

Refer to Annex N

7.4.2 Radiated Performance of
Multiple-antenna Receivers TDD

+2.65 dB for MPAC

Refer to Annex N

D.2 Test tolerances

Test tolerancesin Table D.2-1 are used to relax the Minimum Requirements in the present document and to derive

the Test Requirements.
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Table D.2-1: Test Tolerances for OTA tests
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Clause

Test Tolerance

6.1.1 TRP for UTRA FDD in Speech Mode
with beside the Head Phantom

Bands LILILIV,V,VLVILVIIIX
1.0 dB for minimum requirement
0.7 dB for average requirement

6.1.2 TRP for UTRA TDD in Speech Mode
with beside the Head Phantom

Bands a,e,f
1.0 dB for minimum requirement
0.7 dB for average requirement

6.1.3 TRP for UTRA FDD in Speech Mode
with beside the Head and Hand Phantom

1.0 dB for minimum requirement
0.7 dB for average requirement

6.1.4 TRP for UTRA TDD in Speech Mode
with beside the Head and Hand Phantom

1.0 dB for minimum requirement
0.7 dB for average requirement

6.1.5 TRP for E-UTRA FDD UE in Speech
Mode with beside the Head and Hand
Phantom

[TBD]

6.1.6 TRP for E-UTRA TDD UE in Speech [TBD]
Mode with beside the Head and Hand

Phantom

6.1.7 TRP for UTRA FDD UE in Browsing [TBD]
Mode with Hand Phantom

6.1.8 TRP for UTRA TDD UE in Browsing [TBD]
Mode with Hand Phantom

6.1.9 TRP for E-UTRA FDD UE in Browsing [TBD]
Mode with Hand Phantom

6.1.10 TRP for E-UTRA TDD UE in Browsing | [TBD]
Mode with Hand Phantom

6.2.1 TRP for UTRA FDD LME Bands LILILIV,V,VLVILVIILIX

1.0 dB for minimum requirement
0.7 dB for average requirement

6.2.2 TRP for UTRA TDD LME

Bands a,e,f
1.0 dB for minimum requirement
0.7 dB for average requirement

6.2.3 TRP for E-UTRA FDD LME

[TBD]

6.2.4 TRP for E-UTRA TDD LME

[TBD]

6.3.1 TRP for UTRA FDD LEE

Bands LILILIV,V,VLVILVIIIX
1.0 dB for minimum requirement
0.7 dB for average requirement

6.3.2 TRP for UTRA TDD LEE

Bands a,e,f
1.0 dB for minimum requirement
0.7 dB for average requirement

6.3.3 TRP for E-UTRA FDD LEE

1.0 dB for minimum requirement
0.7 dB for average requirement

6.3.4 TRP for E-UTRA TDD LEE

1.0 dB for minimum requirement
0.7 dB for average requirement

7.1.1 TRS for UTRA FDD in Speech Mode
with beside the Head Phantom

Bands I,ILILIV,V,VLVILVIILIX
1.2 dB for maximum requirement
0.9 dB for average requirement

7.1.2 TRS for UTRA TDD in Speech Mode
with beside the Head Phantom

Bands a,e,f
1.2 dB for minimum requirement
0.9 dB for average requirement

7.1.3 TRS for UTRA FDD in Speech Mode
with beside the Head and Hand Phantom

1.2 dB for maximum requirement
0.9 dB for average requirement

7.1.4 TRS for UTRA TDD in Speech Mode
with beside the Head and Hand Phantom

1.2 dB for maximum requirement
0.9 dB for average requirement

7.1.5 TRS for E-UTRA FDD in Speech Mode
with beside the Head and Hand Phantom

[TBD]

7.1.6 TRS for E-UTRA TDD in Speech Mode | [TBD]
with beside the Head and Hand Phantom

7.1.7 TRS for UTRA FDD in Browsing Mode [TBD]
with Hand Phantom

7.1.8 TRS for UTRA TDD in Browsing Mode [TBD]
with Hand Phantom

7.1.9 TRS for E-UTRA FDD in Browsing [TBD]
Mode with Hand Phantom

7.1.10 TRS for E-UTRA TDD in Browsing [TBD]

Mode with Hand Phantom
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7.2.1 TRS for UTRA FDD LME

Bands LILILIV,V,VLVILVIIIX
1.2 dB for maximum requirement
0.9 dB for average requirement

7.2.2 TRS for UTRA TDD LME

Bands a,e,f
1.2 dB for minimum requirement
0.9 dB for average requirement

7.2.3 TRS for E-UTRA FDD LME [TBD]
7.2.4 TRS for E-UTRA TDD LME [TBD]
7.3.1 TRS for UTRA FDD LEE Bands LILILIV,V,VLVILVIILIX

1.2 dB for maximum requirement
0.9 dB for average requirement

7.3.2 TRS for UTRA TDD LEE

Bands a,e,f
1.2 dB for minimum requirement
0.9 dB for average requirement

7.3.3 TRS for E-UTRA FDD LEE

1.2 dB for maximum requirement
0.9 dB for average requirement

7.3.4 TRS for E-UTRA TDD LEE

1.2 dB for maximum requirement
0.9 dB for average requirement

7.4.1 Radiated Performance of Multiple-
antenna Receivers FDD

1dB

7.4.2 Radiated Performance of Multiple-
antenna Receivers TDD

1dB
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Annex E (informative): Estimation of measurement
uncertainty

E.1 General

Individual uncertainty contributionsin the TRP and TRS measurements are discussed and evaluated in this Annex. A
technique for calculating the total measurement uncertainty is also presented.

An important part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of
the overall measurement uncertainty. There are various individua uncertainty sources in the measurement procedure
that introduce a certain uncertainty contribution to the final measurement result. The approach in this standard test
procedure is that the test laboratories are not limited to using some specific instruments and antenna positioners, for
example. However, alimit is set for the maximum overall measurement uncertainty.

The TRP/TRS measurement procedure can be considered to include two stages. In Stage 1 the actual measurement of
the 3-D pattern of the Device Under Test (DUT) is performed. In Stage 2 the calibration of the absolute level of the
DUT measurement results is performed by means of using a calibration antenna whose absol ute gain/radiation
efficiency is known at the frequencies of interest. The uncertainty contributions related to TRP arelisted in TablesE.1-1
and E.1-2 and the contributions related to TRS are in Tables E.1-3 and E.1-4. The uncertainty contributions are
analyzed in the following paragraphs.

The calculation of the uncertainty contribution is based on the ISO Guide to the expression of uncertainty in
measurement. Each individual uncertainty is expressed by its Standard Deviation (termed here as ‘ standard
uncertainty’) and represented by symbol U. The uncertainty contributions can be classified to two categories. Type-A
uncertainties, which are statistically determined e.g. by repeated measurements, and Type-B uncertainties, which are
derived from existing data e.g. data sheets. Several individual uncertainties are common in Stage 1 and Stage 2 and
therefore cancel.

The procedure of forming the uncertainty budget in TRP measurement is:
1) Compilelistsof individual uncertainty contributions for TRP measurement in both Stage 1 and Stage 2.
2) Determine the standard uncertainty of each contribution by
a) Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)

b) Determining the maximum value of each uncertainty (unless the distributionsis Gaussian)

¢) Calculating the standard uncertainty by dividing the uncertainty by \/E if the distribution is U-shaped,
and by \/§ if the distribution is rectangular.
3) Convert the unitsinto decibel, if necessary.
4) Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.

5) Combine thetotal uncertaintiesin Stage 1 and Stage 2 also by the RSS method:

u

_ 2 2
c \/uc,DUT measurement + uc,calibration measurement

6) Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level:
1.96* Ye.

Example uncertainty budgets are presented in Tables E.29-1, E.29-2, E.29-3, E.29-4, E.29-5, E.29-6, E.29-7, E.29-8,
E.29.9, and E.29-10.
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Table E.1-1: Uncertainty contributions in TRP measurement for anechoic chamber method

Description of uncertainty contribution Details in
paragraph
Stage 1, DUT measurement
1) Mismatch of receiver chain (i.e. between probe antenna and measurement E2E3
receiver) T
2) Insertion loss of receiver chain E.4-E.6
3) Influence of the probe antenna cable E.7
4) Uncertainty of the absolute antenna gain of the probe antenna E.8
5) Measurement Receiver: uncertainty of the absolute level E.9
6) Measurement distance:
a) offset of DUT phase centre from axis(es) of rotation E 10
b) mutual coupling between the DUT and the probe antenna '
¢) phase curvature across the DUT
7) Quality of quiet zone E.11
8) DUT Tx-power drift E.12
9) Uncertainty related to the use of phantoms: (applicable when a phantom is used):
If SAM head phantom is used:
a) uncertainty from using different types of SAM phantom
b) simulated tissue liquid uncertainty
If SAM head and hand phantoms are used:
a) uncertainty from using different types of SAM phantom E13

b) simulated tissue liquid uncertainty
¢) uncertainty of dielectric properties and shape of the hand phantom

If a hand phantom is used:
a) uncertainty of dielectric properties and shape of the hand phantom

If a laptop ground plane phantom is used:

a) Uncertainty related to the use of the Laptop Ground Plane phantom
10) Coarse sampling grid E.14
11 ) Random uncertainty (repeatability, including positioning uncertainty of the DUT

against the SAM phantom or DUT plugged into the Laptop Ground Plane phantom) E.15
Stage 2, Calibration measurement, network analyzer method, figure B.2.1-1

13) Uncertainty of network analyzer E.16

14) Mismatch of receiver chain E.2-E.3

15) Insertion loss of receiver chain E.4-E.6

16) Mismatch in the connection of calibration antenna E.2

17) Influence of the calibration antenna feed cable E.7

18) Influence of the probe antenna cable E.7

19) Uncertainty of the absolute gain of the probe antenna E.8

20) Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna E.17

21)Measurement distance:

a) Offset of calibration antenna's phase centre from axis(es) of rotation E 10

b) Mutual coupling between the calibration antenna and the probe antenna '

¢) Phase curvature across the calibration antenna

22) Quality of quiet zone E.11
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Table E.1-2: Uncertainty contributions in Uncertainty contributions in TRP measurement for
reverberation chamber method

Description of uncertainty contribution Details in
paragraph
Stage 1, DUT measurement

1) Mismatch of receiver chain (i.e. between fixed measurement antenna and E2E3
measurement receiver) T
2) Insertion loss of receiver chain E.4-E.6
3) Influence of the fixed measurement antenna cable E.7
4) Uncertainty of the absolute antenna gain of the fixed measurement antenna E.8
5) Measurement Receiver: uncertainty of the absolute level E.9
6) Chamber statistical ripple and repeatability E.28
7) Additional power loss in EUT chassis E.29
8) DUT Tx-power drift E12
9) Uncertainty related to the use of phantoms: (applicable when a phantom is used):
If SAM head phantom is used:
a) uncertainty from using different types of SAM phantom
b) simulated tissue liquid uncertainty
If SAM head and hand phantoms are used:
a) uncertainty from using different types of SAM phantom E13

b) simulated tissue liquid uncertainty
¢) uncertainty of dielectric properties and shape of the hand phantom

If a hand phantom is used:
a) uncertainty of dielectric properties and shape of the hand phantom

If a laptop ground plane phantom is used:
a) Uncertainty related to the use of the Laptop Ground Plane phantom

10) Independent samples E.14
11) Random uncertainty (repeatability, including positioning uncertainty of the DUT

against the SAM phantom or DUT plugged into the Laptop Ground Plane phantom) E.15
Stage 2, Calibration measurement, network analyzer method, figure B.2.2-1
12) Uncertainty of network analyzer E.16
13) Mismatch of receiver chain E.2-E.3
14) Insertion loss of receiver chain E.4-E.6
15) Mismatch in the connection of calibration antenna E.2
16) Influence of the calibration antenna feed cable E.7
17) Influence of the fixed measurement antenna cable E.7
18) Uncertainty of the absolute gain of the fixed measurement antenna E.8
19) Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna E.17
20) Chamber statistical ripple and repeatability E.28

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 218 ETSI TS 137 544 V14.4.0 (2018-01)

Table E.1-3: Uncertainty contributions in TRS measurement for anechoic chamber method

Description of uncertainty contribution Details in
paragraph
Stage 1, DUT measurement
1) Mismatch of transmitter chain (i.e. between probe antenna and base E2.E3
station simulator) T
2) Insertion loss of transmitter chain E.4-E.6
3) Influence of the probe antenna cable E.7
4) Uncertainty of the absolute antenna gain of the probe antenna E.8
5) Base station simulator: uncertainty of the absolute output level E.18
6) BER measurement: output level step resolution E.19
7) Statistical uncertainty of BER measurement E.20
8) BER data rate normalization E.21
9) Measurement distance:
a) offset of DUT phase centre from axis(es) of rotation E 10
b) mutual coupling between the DUT and the probe antenna )
¢) phase curvature across the DUT
10) Quality of quiet zone E.11
11) DUT sensitivity drift E.22
12) Uncertainty related to the use of phantoms: (applicable when a phantom
is used):

If SAM head phantom is used:
a) uncertainty from using different types of SAM phantom
b) simulated tissue liquid uncertainty

If SAM head and hand phantoms are used:
a) uncertainty from using different types of SAM phantom E.13
b) simulated tissue liquid uncertainty

¢) uncertainty of dielectric properties and shape of the hand phantom

If a hand phantom is used:
a) uncertainty of dielectric properties and shape of the hand phantom

If a laptop ground plane phantom is used:
a) Uncertainty related to the use of the Laptop Ground Plane phantom

13) Coarse sampling grid E.14
14 ) Random uncertainty (repeatability)
-positioning uncertainty of the DUT against the SAM or DUT plugged into the E.15

Laptop Ground Plane phantom
Stage 2, Calibration measurement, network analyzer method, figure B.2.1-1

16) Uncertainty of network analyzer E.16

17) Mismatch in the connection of transmitter chain (i.e. between probe

antenna and NA) E2-E3
18) Insertion loss of transmitter chain E.4-E.6
19) Mismatch in the connection of calibration antenna E.2
20) Influence of the calibration antenna feed cable E.7
21) Influence of the probe antenna cable E.7
22) Uncertainty of the absolute gain of the probe antenna E.8
23) Uncertainty of the absolute gain/radiation efficiency of the calibration E17
antenna )
24)Measurement distance:

a) Offset of calibration antenna's phase centre from axis(es) of rotation E 10
b) Mutual coupling between the calibration antenna and the probe antenna ’

¢) Phase curvature across the calibration antenna

25) Quality of quiet zone E.11
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Table E.1-4: Uncertainty contributions in Uncertainty contributions in TRS measurement for
reverberation chamber method

Description of uncertainty contribution Details in
paragraph
Stage 1, DUT measurement

1) Mismatch of transmitter chain (i.e. between fixed measurement antenna
and base station simulator) E.2-E.3
2) Insertion loss of transmitter chain E.4-E.6
3) Influence of the fixed measurement antenna cable E.7
4) Uncertainty of the absolute antenna gain of the fixed measurement Es
antenna
5) Base station simulator: uncertainty of the absolute output level E.18
6) BER measurement: output level step resolution E.19
7) Statistical uncertainty of BER measurement E.20
8) BER data rate normalization E.21
9) Chamber statistical ripple and repeatability E.28
10) Additional power loss in EUT chassis E.29
11) DUT sensitivity drift E.22
12) Uncertainty related to the use of phantoms: (applicable when a phantom
is used):

If SAM head phantom is used:
a) uncertainty from using different types of SAM phantom
b) simulated tissue liquid uncertainty

If SAM head and hand phantoms are used:
a) uncertainty from using different types of SAM phantom E.13
b) simulated tissue liquid uncertainty

¢) uncertainty of dielectric properties and shape of the hand phantom

If a hand phantom is used:
a) uncertainty of dielectric properties and shape of the hand phantom

If a laptop ground plane phantom is used:
a) Uncertainty related to the use of the Laptop Ground Plane phantom

14) Independent samples E.14
13) Random uncertainty (repeatability)
- positioning uncertainty of the DUT against the SAM or DUT plugged into the E.15

Laptop Ground Plane phantom
Stage 2, Calibration measurement, network analyzer method, figure B.2.2-1

15) Uncertainty of network analyzer E.16
16) Mismatch of receiver chain E.2-E.3
17) Insertion loss of receiver chain E.4-E.6
18) Mismatch in the connection of calibration antenna E.2
19) Influence of the calibration antenna feed cable E.7
20) Influence of the fixed measurement antenna cable E.7
21) Uncertainty of the absolute gain of the fixed measurement antenna E.8
22) Uncertainty of the absolute gain/ radiation efficiency of the calibration E17
antenna

23) Chamber statistical ripple and repeatability E.28
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E.2  Mismatch uncertainty between measurement
receiver and the probe antenna

If the same chain configuration (including the measurement receiver; the probe antenna and other elements) isused in
both stages, the uncertainty is considered systematic and constant = 0.00dB value.

If it is not the case, this uncertainty contribution has to be taken into account and determined by the following method.

In a measurement configuration, when two elements (devices, networks...) are connected, if the matching is not ideal,
there is an uncertainty in the RF level signal passing through the connection. The magnitude of the uncertainty depends
on the VSWR at the junction of the two connectors. In practical measurement system there are probably several
connectionsin atest set-up, they will al interact and contribute to the combined mismatch uncertainty.

The total combined mismatch uncertainty is composed of 2 parts:
1) The mismatch through the connector between two elements

2) The mismatch due to the interaction between two elements

E.2.1 Total combined mismatch uncertainty calculations

E.2.1.1  Mismatch uncertainty through the connector between two elements

Hereunder, a measurement configuration:

Measurement r r
receiver MR >« cabled Cabled |bo-ommmoo__.
(M.R)

Figure E.2.1.1-1: Mismatch uncertainty through the connector

I" mr isthe complex reflection coefficient of the Measurement Receiver

I" cavles IS the complex reflection coefficient of the cable4

Sx isthe forward gain in the network between the two reflection coefficients of interest
Sz isthe backward gain in the network between the two reflection coefficients of interest
Note that Sy1 and Sy are set tol if the two parts are directly connected.

The uncertainty limits of the mismatch are calculated by means of the following formulatable 1 of [26]:

Mismatch limits(% voltage) = |Tyg|X|Teaes| X| Sy %[ Sz | 100

These mismatch limits are divided by V2 because of the U-shaped (table 1 of) [26] distribution of the mismatch
uncertainty and give the following standard uncertainty:

|FMR|X|rcabIe4| ><|521|><|512|><1OO

V2

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of) [26]:

Unmismatch (% voltage) =

_ |FMR|X|FcabIe4|X|821|X|SLZ|X100

Umismatch(dB)
J2x115
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E.2.1.2  Mismatch uncertainty due to the interaction of several elements

Previoudy, we presented how to determine the mismatch uncertainty between two elements through the junction
(connector). Now, we introduce the other type of mismatch uncertainty, which is aresult of the interaction between
several elements.

Hereunder, a measurement configuration:

1
Measurement
Receiver MR > < I cable3 Cable3 I cable3 > < I cable4 Cabled
(M.R) S

Figure E.2.1.2-1: Mismatch uncertainty due to the interaction of several elements

Firstly, we determine the mismatch uncertainty between junctions of the elements:

Between the MR and the cable3:
Unisnacra(dB) = |Cuim] X[ Ceares| X Saa X[ S12| ¥ 200
V2x115
Between the cable3 and the cable4:
Unisnacro(dB) = T aiea| X |eaptes] | Saa| X[ 12| 100

J2x115
|Sz1] and |S12| are set to 1 because there is no element between cable3 and cable 4.

1—‘MR | X |Fcable3 | %100

Umismatchl(dB) = | \/E 115
X .

Teapies| X |Teapiea| 200
J2x115

Umismatchz(dB) = |

Each mismatch uncertainty due to the interaction between the measurement receiver and the cable4 is determined by
means of the following formula (table 1 of) [26]:

Unnisreteh, i acion1(0B) = |FMR| X |Fcable4| X |SZlCabIe3| X |SJ.ZCabIe3| %100
- J2x115

|Sx1| and |S;2| are equal and correspond to the cable3 attenuation.

|FMR| X |Fcable4| X |SZlCabIe3|2 %100

J2x115

U mismatch_interacti onl(d B) =

We consider in the general case, the following measurement configuration:

I'MR SZlcabIel SZlcabIeN ant
antenna
MR >« Cablel CableN >« Antenna
812cablel SlZCabIeN

Figure E.2.1.2-2: Mismatch uncertainty measurement configuration

In the general case, this uncertainty contribution can be calculated by:
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|X|Famenna|x|821cab|e1| X|812cablel| Kovees X|821cabIeN |X|8120abIeN |X100
V2x115

T
Unismatch i ntera:tion_N(dB): | i

|S21|=|S1z2| for passive elements (cables...)

|FMR| X |Fantenna| 2 |Szlcab|e1|2 Koo X|SZlcabIeN |2 %100

J2x115

U mismatch_i nteraction_N(dB) =

E.2.2 Total combined mismatch uncertainty

The two kinds of mismatch uncertainty contributions are combined by the root-sum-squares (RSS) method to derive the
total combined mismatch uncertainty.

The total combined mismatch uncertainty is equal to:

\/U mismatcra(ag) T -+ nismarcnn(as) Y mismatch _interaction1(a) T -+ Y mismateh_interactionn (dg)

Thisformula shows that the uncertainty is frequency dependent by the way of the forward and the backward gainsin
the network between the two components. The uncertainty upon |S:| and |Syo| increases with frequency. One can
therefore expect for the UM TS band a higher mismatch uncertainty value than in the GSM and DCS bands.

Note that for an anechoic chamber, horn antennas are usually used as probe antennas. There are two kinds of horn
antennas: single-polarized and dual-polarized. With the second one, it is possible to measure the co-polarized and cross-
polarized signals without any movement of the probe, which reduces the cable antenna uncertainty contribution and
improves the measurement stability.

To conduct the signals to the measurement receiver, the measurement system configuration using a dual-polarized horn
antenna has to be completed with an RF Relay. This device will include new mismatch uncertainty contributions, which
have to be determined with the previously presented cal culation methods, completed by the RF relay parameters
contributions, and described in the following.

E.3  Mismatch uncertainty of the RF relay

If the same receiver chain configuration (including the measurement receiver; the probe antenna and other elements) is
used in both stages, the uncertainty is considered systematic and constant = 0.00dB value.

If it is not the case, this uncertainty contribution has to be taken into account and determined by the following method.

The following figure describes the RF Relay with its'S' parameters and the complex reflection coefficient of the inputs
and outpult:
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Si3
<
i S i
r | >Ssa !F
Input 1 1.1 511 RF Rela 13 Output
device »:‘S y T Device
i |
! 21 So3 |
Si12

Figure E.3-1: Mismatch uncertainty of the RF relay

The RF relay is used to switchover the cross and direct polarization signals from the probe antenna. To determine RF
Relay mismatch uncertainty contributions, reflection coefficients for each port and the crosstalk attenuation have to be
known.

The total combined mismatch uncertainty is composed of two parts:
1) The mismatch uncertainty contributions when the RF Relay switches on the direct polarization signal
2) The mismatch uncertainty contributions when the RF Relay switches on the cross polarization signal

Each part is composed of two types of uncertainties introduced in the previous paragraph: the mismatch through the
connector between two elements and the mismatch due to the interaction between severa el ements.

E.3.1 First part: RF Relay switched on the co-polarized signal

E.3.1.1  The mismatch through the connector between two elements

Between the Inputl and the port1:

| AR x100
Untonan(dB) = %15l x100
J2x115
Between the port3 and the Output:
T,|x x100
Unnismetchz(AB) :&
J2x115

Between the Input2 and the port2:

The RF Relay switchovers on the direct polarization signal. As aresult, there is no mismatch uncertainty contribution.

E.3.1.2 Mismatch due to the interaction between two elements or more

Between the Inputl and the Output:
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|y X || %S5y | x| Sypa| x 200

Uinteractionl(dB) =
J2x115

Between the Inputl and the Input2:

Uinteraction2(dB) = |Fl| ><|1—‘2|><|821| ><|812| x100
J2x115

The RF Relay switchovers on the cross polarization signal. As aresult; this uncertainty contribution is usualy
disregarded because of the high crosstalk attenuation which is characterized by |S,,| and |S,,| 'S parameters. If the
crosstalk attenuation is low, this uncertainty contribution has to be considered.

Between the Input2 and the Output:

UinteractionS(dB) = |r2| . |r3| . |823| . |832| X190
J2x115

The RF Relay switchovers on the cross polarization signal. As aresult; this uncertainty contribution is usually
disregarded because of the high cross-talk attenuation, which is characterized by [S,,| and |S,,| 'S parameters. If the

crosstalk attenuation is low, this uncertainty contribution has to be considered.

E.3.2 Second part: RF relay switched on the cross-polarized
signal

E.3.2.1  The mismatch through the connector between two elements
Between the Inputl and the port1.:
The RF Relay switchovers on the direct polarization signal. As aresult, there is no mismatch uncertainty contribution.
Between the port3 and the Output:
Uniismatch3(dB) ZW
J2x11.5

Between the Input2 and the port2:

Unianata(dB) = || x[S,,| %100
mismatch4 \/Exll,S

E.3.2.2 Mismatch due to the interaction between two elements or more
Between the Input1 and the Output:

= |F1|X|F3| ><|S31| X|Sls| %100

Uinteractiona(dB) \/E x11.5

The RF Relay switchovers on the cross polarization signal. As aresult; this uncertainty contribution is usually
disregarded because of the high crosstalk attenuation which is characterized by |S,,| and [Sy,| 'S parameters. If the
crosstalk attenuation is low, this uncertainty contribution has to be considered.

Between the Inputl and the Input2:

Uinteractions(dB) = |rl| X |r2| x |821| X |812| Xloo
J2x115
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The RF Relay switchovers on the cross polarization signal. As aresult; this uncertainty contribution is usually
disregarded because of the high crosstalk attenuation which is characterized by |S,,| and [S,,| 'S parameters. If the

crosstalk attenuation is low, this uncertainty contribution has to be considered.

Between the Input2 and the Output:

Uinteractione(dB) = |r2| . |r3| . |823| . |S32| X190
J2x115

E.3.3 Total combined mismatch uncertainty

Each non-zero mismatch uncertainty contribution from both parts (RF Relay switched on the cross and direct
polarization signal) are combined by the root-sum-squares (RSS) method to derive the total combined mismatch

uncertainty.

The total combined mismatch uncertainty is equal to:

\/ U ismarcrigag) T+ T Y nismarcnnasy Y mismaten_interactiont(as) -+ U mismaten_interaction(ds)

If a RF Relay is used to drive the cross and direct polarization signals from the dual-polarized antenna, this total
combined mismatch uncertainty has to be added with all the uncertainty measurement contributions for the total
combined measurement uncertainty.

E.4 Insertion loss of the probe antenna cable

If the probe antenna cable does not move between the calibration and the DUT measurement stage, the uncertainty due
to the insertion loss of the cable is assumed to be systematic. Moreover, this uncertainty is common and constant in both
stages and that is why this|eads to 0.00dB value.

If adifferent cableis used in the calibration measurement and in the DUT measurement, and the difference of the
insertion loss is used in the calculations, then the overall combined standard uncertainty of the insertion loss
measurement should be used in the uncertainty budget. The distribution of this uncertainty is assumed to be rectangular,
in which case the standard uncertainty can be calculated as the maximum value/\'3.

E.5 Insertion loss of the probe antenna attenuator (if
used)

See Insertion loss of the probe antenna cable

If the probe antenna attenuator is used in both stages, the uncertainty is considered systematic and constant = 0.00dB
value.

E.6 Insertion loss of the RF relays (if used)

See Insertion loss of the probe antenna cable.

If the RF relay is used in both stages, the uncertainty is considered systematic and constant = 0.00dB value.
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E.7 Influence of the antenna cable

E.7.1 Probe antenna cable

If the probe antennais directional (i.e. peak gain >+5dBi e.g. horn, LPDA, etc.) and the same probe antenna cable
configuration is used for both stages, the uncertainty is considered systematic and constant =» 0.00dB value.

In other cases atechnical study should be done.

An ETSI technical report [25] (clause D.1.3.6) gives a discussion on the results obtained by testing a vertically
polarized biconical antenna over a ground plane with differing RF cable configurations.

E.7.2 Calibration antenna cable

If an efficiency calibration is performed, influence of the calibration antenna feed cable can be assumed to be
negligible, due to data averaging.

In the case of gain calibration, the influence of the calibration antenna feed cable must be assessed by measurements. A
gain calibration measurement is repeated with a reasonably differing routing of the feed cable. Largest difference
between the results is entered to the uncertainty budget with arectangular distribution.

E.8 Absolute gain of the probe antenna

The uncertainty appearsin the both stages and it is thus considered systematic and constant 0.00dB value.

E.9 Measurement receiver: uncertainty of absolute level

The receiving device is used to measure the received signal level in TRP tests either as an absolute level or as arelative
level. Receiving device used istypically a Base Station Simulator (BSS), spectrum analyzer (SA), or power meter (PM).
Generally there occurs an uncertainty contribution from limited absolute level accuracy and non-linearity.

E.10 Measurement distance

The uncertainty contribution from afinite measurement distance is estimated in three parts.

E.10.1 Offset of DUT phase centre from axis(es) of rotation

In all the measurements defined in this test procedure the DUT and phantom combination is rotated about the ear
reference point of SAM phantom, which is also assumed to be the location of the phase centre in both angular directions
of the measurements.

For some turntables this may be practically impossible in which case a measurement uncertainty contribution can arise
because the phase centre will rotate on a non-zero radius about the centre of rotation, thereby giving avariable
measurement distance. Data averaging process may lead to a partial self-cancel of this uncertainty.

The following formulais used to estimate this uncertainty contribution in stage 1.
Uphage_center_limi[s (dB) = 10|Og(d i Ad) 2 + lOIOg(d) 2

If again calibration is performed in Stage 2, the uncertainty contribution of calibration antenna's displacement is
estimated with the previous formula. Misalignment can be estimated with following formula,

Unisaigment (0B) = 20l0g(cos#@) ,
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where @ isthe misalignment angle between the calibration antenna and the probe antenna. The contribution shall be
added to displacement error:

_ 2 2
Uca (dB) = \/U phase_ center _A +U misaligment

For an efficiency calibration with an omnidirectional calibration antenna, the U, is calculated similarly as for gain
calibration but the uncertainty may be divided by factor 2. Thisis due to correcting impact of data averaging in thistype
of calibration.

E.10.2 Mutual coupling

In measurement of radio performances of UMTS mobile phones in speech mode, the mutual coupling uncertainty for
this frequency band is a 0.00dB value (see annex A-2in [27]).

The 0.00dB value can be extended for the GSM, DCS and PCS band frequencies.

E.10.3 Phase curvature

This uncertainty originates from the finite far-field measurement distance, which causes phase curvature across the
DUT. If the measurement distance is > 101, this error is assumed to be negligible. At 2 GHz X is0.15 m, thus 10A is 1.5
m.

E.11 Quality of quiet zone

The uncertainty contribution of the reflectivity level of the anechoic chamber is determined from the average standard
deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15-degree grid in
elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these val ues average
standard deviation of electric field in the quiet zone can be calculated from the equation:

T N M in(0 T N M (0
:M;;Sn,m,horsn( n)+2NM ;;Sﬁmwsn( n)

freq 2

S

Where
N isnumber of angular intervalsin elevation,
M is number of angular intervalsin azimuth and

6, iselevation of single measurements, ., . -

n

If an efficiency calibration with omnidirectional calibration antennais performed, the effect of reflectivity level

decreasesin Stage 2 and S"eq may be divided by factor 2. Thisis due to correcting impact of data averaging in this
type of calibration. Efficiency calibration done with sampling step < 15°, can be considered to have at least four
independent samples.

It's likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor;
however, an upper bound to probe symmetry should be considered.

E.12 Tx-power drift of DUT

A single point power reference measurement in the beginning and at the end of the measurement procedureis
recommended to monitor the power drift of the DUT. Based on TX-power drift measurements for typical 3G UE, an
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uncertainty of 0.2 dB shall be entered to uncertainty budget with arectangular distribution. If the drift measurement
indicates larger drift, the actual drift shall be included to uncertainty.

In order to minimize Tx-power drift error it's recommended to interleave sensitivity and power measurement of multiple
channels. This spreads the measurements over alonger period, which helpsto average the drift of the TX-power.

Typical TX-power drifts of 3G UE, measured in asingle angular point, DUT placed against phantom head are shown in
Figure E.12-1.

0.6

105\ 1120 185 150 % 165

Power [dB]

-0.4

-0.6

Time [min]

Figure E.12-1: Output power variation of typical 3G UE during battery life

E.13 Uncertainty related to the use of phantoms

E.13.1 Uncertainty from using different types of SAM phantom

This uncertainty contribution originates from the fact that different laboratories may use the two different versions of
SAM head: the SAM head phantom or the SAM phantom including the head and the shoulders. The standard SAM
head is the specified phantom. However, the use of the other type of SAM is aso allowed with the requirement that the
resulting uncertainty contribution is taken into account in the uncertainty budget.

E.13.2 Simulated tissue liquid uncertainty

This uncertainty will occur, if the laboratory uses aliquid which has dielectric parameters deviating more than £15% of
the target parameters.

E.13.3 Uncertainty of dielectric properties and shape of the hand phantom

The hand phantom makes a contribution to OTA measurement uncertainty due to the manufacturing tolerances of its
dielectric properties and shape. The dielectric properties on the surface of the hand may differ from those of itsinterior,
so both are included in the evaluation. The moulded exterior surface of the hand shall be measured directly with an
open-ended coaxial probe. The interior hand material is evaluated indirectly, by substituting a cube-shaped sample
moulded from the same material and having some exterior surfaces removed. Following procedure will be used to
evaluate the dielectric properties of the hand phantom,;
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1. Each hand shall be manufactured together with a reference cube of the same material. The sides of the reference
cube shall be not less than 40 mm in length.

2. The moulded surface on three orthogonal sides of the cube shall be sliced away to a depth of at least 3 mm, in
order to expose interior material for evaluation. The remaining three sides of the cube shall be left untreated.

3. Relative permittivity and conductivity shall be measured at ten different points on each of the three cut, exposed
surfaces of the reference cube, and the combined interior averages (gintavg’ Tint aug" 30 points) and standard

deviations (&in¢ ;4 Oint,,,»30 POINtS) shall be calculated. Individual interior averages for each of these three sides
(€int;+0ine;»10 points) shall also be calculated.

4. Relative permittivity and conductivity shall be measured at ten points on the hand phantom exterior. A
measurement point shall be located to each fingertip or as close to the tip as applicable. One measurement point
shall be located to the back of the hand and one to the inner surface of wrist area. The exterior averages (

Eext gygTextang » 10 points) and standard deviations (ex; o, 410ext,,4+ 10 POiNts) calculated accordingly.

5. Thetotal averages (g4, , 0ayg) Shall be calculated as the average of exterior and interior values by either

Eextaygt3*Eintaug Oextaygt3*Tintayg

evaluating all data points or using equations: &4, = — % 0wy = ”

6. Thetotal standard deviations (g4, , 054) Shall be calculated as the statistical combination of exterior and interior
values by either evaluating all data points or using equations: &s;4 =

1.2 2 2 2 2 _
\/Z (gextstd + gextavg +3x (Sintstd + gintavg — €avgyr Ostd =
1( 2 2 2 2 2
JZ (aexts cd + Oextang + 3 * (aintst 4 + Uintavg — Ogug

7. The hands are acceptable for radiated performance testing, i.e., meet the minimal requirements, if

a  &qy4 deviate by less than 15% from the target values
b. o,y4deviate by less than 25% from the target values

c. thedifference between the averaged permittivity of each 10-point interior surface Eint gug deviates by less
than 10% and Eext gpg by less than 20% from the total average e,

d. the difference between the averaged conductivity of each 10-point interior surface 6intavg deviates by less
than 20% and Textang by less than 30% from the total average o,,4

e. the standard deviation of the combined measurements (30 interior points and 10 exterior points) is less than
20% for permittivity &4 and less than 40% for conductivity o4

8. For the hands meeting the minimal requirements of step 7, the following approximations shall be used to
determine the hand uncertainty due to dielectric properties.

\/A"‘:(zwg +einc+(a185¢q)?

&

Uc[dB] = ¢; * |10 *log,o| 1+

2 2
\/Aa'avg +0gnc+(a105¢q)?

&

Us[dB] = ¢, * |10 x logqo| 1 +

Agqyg DOapg,s Esta » Tseq A€ the values determined as defined above and ¢,,,,.and o, .are expanded measurement
uncertainties (k = 2) of the dielectric parameter measurement method. The cube will be provided together with the
hand such that the user can evaluate if the interior (cube) properties of the hand has degenerated over time by
performing the test above. Coefficient ¢, =0.78, ¢ = 0.39 and a; = 0.50 were determined by numeric simulations.

In case the hand phantoms are manufactured within CAD models, the tolerance is 2% and therefore the effects shape
errors are negligible. If the tolerance is larger, anumerical study must be conducted.
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E.13.4 Uncertainty from using different types of Laptop Ground Plane
phantom

This uncertainty contribution originates from the fact that different aboratories may use different variations of Laptop
Ground Plane phantom. The standard Laptop Ground Plane is the specified phantom.

E.14 Coarse sampling grid

Degreasing of sampling density to finite amount of samples affects the measurement uncertainty by two different errors.
First is due to inadequate number of samples and second is a systematic discrimination approximation error in TRP and
TRS equations.

Figure E.14-1 shows simulated sampling grid errors for typical 3G UE. Approximation error is not included.
Simulations are based on thin plate surface interpolation of real radiation patters, measured beside a phantom head.

Sampling Grid Error

0.25

0.20

0.15

0.10

0.05

Standard Deviation of TRP/TRS [dB]

0.00 a T ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35 40 45

Sample Step [ °]

Figure E.14-1: Simulated TPR/TRS error as a function of sampling grid

The offset of systematic approximation error can be expressed by using formula

N
Offset = 10- Ioglo(iZSin(Qn )j .
2N o

where
N isnumber of angular intervalsin elevation,

6

., is€elevation.
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Figure E.14-2: Approximation error of TRP/TRS

The 10° or 15° sampling grid used in TRP measurements has been shown to introduce only very small differences as
compared to the results obtained with denser grids, so with that sampling grid the uncertainty contribution can assumed
negligible.

When using sample step size of 15° - 30°, standard uncertainty of 0.15dB can be assumed to cover errors. If step size
>30° is used, larger uncertainty should be considered.

NOTE: the ssimulation results presented here are not usable for irregular sampling grids or in the case of
MEG/MERS.

E.15 Random uncertainty

The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can
estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference
DUT without changing anything in the measurement set-up.

The random uncertainty differs from one laboratory to another. Moreover, each DUT hasits own electromagnetic
behaviour and random uncertainty. Some uncertainty also occurs from the positioning of the DUT against the SAM
phantom, asthe DUT cannot be attached exactly in the same way every time. This uncertainty depends on how much
the DUT's positioning against the SAM phantom and hand phantoms varies from the specified testing positions. It is
noted that the uncertainty of the phone positioning depends on the phone holder and the measurement operator and isin
fact difficult to distinguish from random uncertainty. Some uncertainty also occurs from the positioning of the DUT
plugged into the Laptop Ground Plane phantom, asthe DUT may not be plugged into the USB connector and positioned
exactly in the same way every time. This uncertainty depends on how much the DUT's position plugged into the Laptop
Ground Plane phantom varies from the specified plug-in position. Therefore, the positioning uncertainty isincluded in
random uncertainty.

To estimate this uncertainty for the SAM phantom, it is suggested to perform at least five evaluations of TRP/TRS
whereby the device shall be dismounted and newly positioned with a fully charged battery before each tests. This
measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab,
for at least three phones with different type of mechanical design. The values have to be normalized by the mean for
each measurement set. As aresult the uncertainty contribution entered to uncertainty budget is the difference between
the maximum and minimum normalized value.

With head and hand phantoms, random uncertainty evaluation may be done separately for each measurement
configuration i.e. head only, browsing mode or speech mode. A speech mode random uncertainty eval uation, were both
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head and hand phantoms are used, can reasonably be considered to be the worst-case scenario and thus random
uncertainties in other configurations to be less.

To estimate this uncertainty for the Laptop Ground Plane phantom, it is suggested to perform at least five evaluations of
TRP/TRS for the plug-in position whereby the device shall be dismounted and newly positioned before each tests. This
measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab,
for at least three USBs with different type of mechanical design. The values have to be normalized by the mean for each
measurement set. As aresult the uncertainty contribution entered to uncertainty budget is the difference between the
maximum and minimum normalized value.

E.16 Uncertainty of network analyzer

This uncertainty includes the all uncertaintiesinvolved in the S21 measurement with a network analyzer, and will be
calculated from the manufacturer's datain logs with arectangular distribution, unless otherwise informed, (see clause
5.1.2in[26]).

E.17 Uncertainty of the gain/efficiency of the calibration antenna

The calibration antenna only appearsin Stage 2. Therefore, the gain/efficiency uncertainty has to be taken into account.

This uncertainty will be calculated from the manufacturer's data in logs with a rectangular distribution, unless otherwise
informed (see clause 5.1.2 in [26]).

If the manufacturer's data do not give the information, the value has to be checked, see annex A-12 in [27].

E.18 Base station simulator: uncertainty of the absolute level

The transmitter device (typically aBS Simulator) is used to drive asignal to the horn antennain sensitivity tests either
as an absolute level or asarelative level. Receiving device used istypicaly a UE/MS. Generally there occurs
uncertainty contribution from limited absolute level accuracy and non-linearity of the BS Simulator.

For practical reasons, the calibration measurement (Stage 2) should be only performed with the probe antennaas a
receiver. Hence, the uncertainty on the absolute level of the transmitter device cannot be assumed as systematic. This
uncertainty should be calculated from the manufacturer's datain logs with a rectangular distribution, unless otherwise
informed (see clause 5.1.2 in [26]). Furthermore, the uncertainty of the non-linearity of the device isincluded in the
absolute level uncertainty.

E.19 BER measurement: output level step resolution
When output power of the BS simulator is swept to reach the BER target, used power step resolution creates this

uncertainty. Output power step used in the BER measurement is divided by factor 2 to obtain the uncertainty with
rectangular distribution.

E.20 Statistical uncertainty of the BER measurement
To study statistical uncertainty of BER measurement, see ETSI document TR 100 028-1, section 6.6 [25]. For aBER
target of 1%+0.2% using 20000 bits, uncertainty of 0.19 dB for a single measurement can be used. Using a BER target

of 10%:+2% with 20000 tested bits will lead to uncertainty of 0.46dB/single measurement.

For afull TRS measurement with aregular sampling grid, the statistical uncertainty can be approximated by using the
following formula:

U _ U SingleTRS
fullTRS — !

N/4

Where
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U gngerrs isthe statistical uncertainty of single measurement,

N isthe number of measurements.

E.21 BER data rate normalization uncertainty

This uncertainty occurs only when a higher data rate than 12.2kbpsis used to speed up TRS measurement. It can be

calculated using following formula:
2 2
U SingleTRSref + U SngleTRSast
2 2

norm — )

Nref

Where

U gngerraer 1S the statistical uncertainty of the used reference measurement,
U SingleTRaragt 1S the statistical uncertainty of the higher data rate measurement,

N, Isthe number of measured reference points.

E.22 DUT sensitivity drift

Dueto statistical uncertainty of BER measurement, drift in the TRS cannot be monitored similarly to TRP. An
uncertainty value of 0.2dB can be used, or the TRS drift should be measured, with a setup corresponding to the actual
TRS measurement.

E.23 Cable loss measurement uncertainty

Before performing the calibration, cable losses have to be measured. This measurement includes a standard uncertainty,
which is composed of the mismatch, and the insertion loss uncertainties. In the calibration measurement, the transmitter
part is composed with the calibration antenna, cables, and signal generator. The receiver part is composed with the
probe antenna, cables, and measurement device.

The cable loss of transmitter and receiver parts should be measured separately. By this way, the cable losses will be
compliant with the cable routing of the calibration stage. On the opposite, if the cable |osses were measured together at
the same time, the measured values would include errors from miscellaneous mismatch contributions, which do not
appear in the cable routing of the calibration stage.

The cable loss measurement uncertainty is the result of the RSS of the uncertainty contributions listed in Table E.23-1.

Table E.23-1: Uncertainty contributions in the cable loss measurement

Description of uncertainty contribution Standard Uncertainty (dB)
Mismatch uncertainty of cable(s) receiver part
Insertion loss of the cable(s) receiver part
Measurement device: absolute level uncertainty
Measurement device: linearity
Mismatch uncertainty of cable(s) transmitter part
Insertion loss of the cable(s) transmitter part
Signal generator: absolute output level uncertainty
Signal generator: output level stability uncertainty
Cable loss measurement uncertainty (RSS)
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E.24  Signal generator: uncertainty of the absolute output level

The signal generator is only used at this stage. It substitutes the DUT by feeding the calibration antenna with a known
power level. The use of thissignal generator introduces an uncertainty on the absolute output level.

This uncertainty will be calculated from the manufacturer's datain logs with a rectangular distribution (see clause 5.1.2
in[26]).

E.25 Signal generator: output level stability

The uncertainty on the output level stability has to be taken into account only when the uncertainty of the absolute level
is not considered.

This uncertainty will be calculated from the manufacturer's data in logs with a rectangular distribution (see clause 5.1.2
in[26]).

E.26 Insertion loss: calibration antenna feed cable

The feed cable of the calibration antenna only appears in Stage 2. As aresult, this uncertainty has to be taken into
account.

This uncertainty will be measured or calculated from the manufacturer's datain logs with a rectangular distribution (see
clause 5.1.2 in [26]).

E.27 Insertion loss: calibration antenna attenuator (if used)

If a calibration antenna attenuator is used, it only appearsin Stage 2. Asaresult, this uncertainty has to be taken into
account.

This uncertainty will be calculated from the manufacturer's datain logs with a rectangular distribution (see clause 5.1.2
in[26]).

E.28 Chamber Statistical Ripple and Repeatability

The uncertainty due to chamber statistics is determined by repeated calibration measurements as described in Annex G.
This uncertainty contribution is a composite val ue consisting of most of the specific reverberation chamber
contributions, such as limited number of modes and mode-stirring techniques.

The uncertainty contribution value shall be determined by measurements as described in Annex G and be assumed to
have a normal distribution.

E.29 Additional Power Loss in EUT Chassis

When the EUT is small and do not add noticeable loss to the chamber, the calibration procedure outlined in clause x.x,
is performed without the EUT present in the chamber. The possible difference in average chamber transmission level
between the EUT measurement and the reference measurement must in this case be considered in the uncertainty
evaluation.

The uncertainty value for this contribution can be tested empirically by choosing a unit within a set of sampleswhichis
considered to incur the highest amount of loss (normally the largest unit), and measure the average transmission loss in
the chamber with and without the test unit present in the chamber. The difference between the two cases shall be used in
the uncertainty calculation and the distribution should be assumed to be rectangular.

Alternatively, afixed value of 0.2 dB with arectangular distribution can be used in the uncertainty calculations.
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Table E.29-1: Example of uncertainty budget for head only TRP measurement for anechoic chamber

method
. Standard
Uncertainty Source Comment Uncertainty P.rob Div | ci | Uncertainty
Value [dB] Distr [dB]
STAGE 1 (DUT measurement)
- - . rpower meter <005 rprobe antenna
1) Mismatch of receiver chain . 0.05 N 1 1 | 0.05
connection <0.16
. . . Systematic with Stage 2 (=>
2) Insertion loss of receiver chain cancels) 0 R J2 |1 |o
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R «/§ 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R ‘/g 1|0
5) Measurement Receiver:
uncertainty of the absolute level Power Meter 0.06 R ‘/g 1 o003
6)Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 R V3 |1 |o08
. . Standard deviation of E-field
7) Quality of quiet zone in QZ measurement 0.5 N 1 1 |05
8) DUT Tx-power drift Drift 0.2 R J3 |1 |o12
9) Uncertainty related to the use of Standard SAM head with 0 R ﬁ 1 lo
SAM phantom standard tissue simulant
Negligible, used A, = 15° and
10) Coarse sampling grid o 0 N 1 1 1|0
A(p =15°.
11) Repeatability (';/'eosri'gsloc"’ clamshell, slide |, , R J3 |1 o023
STAGE 2 (Calibration)
Manufacturer's uncertainty
13) Uncertainty of network analyzer calculator, covers whole NA 0.5 R ﬁ 1 |0.29
setup
14) Mismatch of receiver chain Taken in to accountin NA 0 U \/E 1 1o
setup uncertainty
15) Insertion loss of receiver chain Systematic with Stage 1 (=>
cancels) 0 R ‘/g 110
16) Mismatch in the connection of Taken in to account in NA
VIS ; 0 U J2 |1 |o
calibration antenna setup uncertainty
17). IanL_uence of the feed cable of the Gain calibration with a dipole | 0.3 R ﬁ 1 |0.17
calibration antenna
18) Influence of the probe antenna Systematic with Stage 1 (=>
cable cancels) 0 R ‘/g 1|0
19) Uncertainty of the absolute gain Systematic with Stage 1 (=> 0 R ﬁ 1 lo
of the probe antenna cancels)
20) Uncertainty of the absolute gain o o
of the calibration antenna Calibration certificate 0.5 R ﬁ 1 |0.29
21) Measurement distance:
Calibration antenna's displacement d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 0.17
and misalignment
22) Quality of quiet zone Standard deviation of e-field
in QZ measurement, Gain 0.5 N 1 1 0.5
calibration
Combined standard uncertainty U, = 0.89
Expanded uncertainty (Confidence U, =196 u 175

interval of 95 %)
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Table E.29-2: Example of uncertainty budget for TRP head+hand (speech mode) measurement for
anechoic chamber method

Uncertaint Prob Standard
Uncertainty Source Comment y . Div | ci | Uncertainty
Value [dB] Distr [dB]
STAGE 1 (DUT measurement)
1) Mismatch of receiver chain rover meter <0.05 Fprabe antemna | N 1 |1 |oo0s
connection <0.16
. . . Systematic with Stage 2 (=>
2) Insertion loss of receiver chain cancels) 0 R J2 |1 |o
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R «/§ 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R ‘/g 1|0
5) Measurement Receiver:
uncertainty of the absolute level Power Meter 0.06 R ‘/g 1 joos
6) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 R V3 |1 |o08
. . Standard deviation of E-field
7) Quality of quiet zone in OZ measurement 0.5 N 1 1 |05
8) DUT Tx-power drift Drift 0.2 R J3 |1 |o12
9) Uncertainty related to the use of
2) tncortainty rom Uaing dfierent | S©10ard SAM head with
types of SAM phantom standardUu?s;is Elr(r;l;lgnt 0.32 R ﬁ 1 |0.19
b) simulated tissue liquid uncertainty US [dB] B 0'15
c) uncertainty of dielectric properties g -
and shape of the hand phantom
) . Negligible, used A, = 15° and
10) Coarse sampling grid R 0 N 1 1|0
Aq, =15°.
- Monoblock, clamshell and
11) Repeatability of speech mode PDA design used for testing 1.04 R ﬁ 1 |06
STAGE 2 (Calibration)
. Manufacturer's uncertainty
12) Uncertainty of network calculator, covers whole NA 0.5 R ﬁ 1 |0.29
analyzer
setup
13) Mismatch of receiver chain Taken in to account in NA setup
uncertainty 0 U \E 1|0
14) Insertion loss of receiver chain | Systematic with Stage 1 (=> 0 R «/§ 1 1o
cancels)
15) Mismatch in the connection of | Taken in to account in NA setup 0 U \/— 1 lo
calibration antenna uncertainty 2
16) Influence of the feed cable of . Lo . .
the calibration antenna Gain calibration with a dipole 0.3 R ﬁ 1 |0.17
17) Influence of the probe antenna | Systematic with Stage 1 (=> 0 R «/§ 1 1o
cable cancels)
18) Uncertainty of the absolute Systematic with Stage 1 (=> 0 R ﬁ 1 lo
gain of the probe antenna cancels)
19) Uncertainty of the absolute S -
gain of the calibration antenna Calibration certificate 0.5 R ﬁ 1 |0.29
20) Measurement distance:
Calibration antenna’s d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 ]0.17
displacement and misalignment
21) Quality of quiet zone Standard deviation of e-field in
measurement, Gain . .
Qz Gai 0.5 N 1 1 |05
calibration
Combined standard uncertainty u, = 1.07
Expanded uncertainty (Confidence U =196 U 210

interval of 95 %)
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Table E.29-3: Example of uncertainty budget for TRP hand only (browsing mode) measurement for
anechoic chamber method

Uncertaint Prob Standard
Uncertainty Source Comment y . Div | ci | Uncertainty
Value [dB] Distr [dB]
STAGE 1 (DUT measurement)
1) Mismatch of receiver chain rover meter <0.05 Fprabe antemna | N 1 |1 |oo0s
connection <0.16
. . . Systematic with Stage 2 (=>
2) Insertion loss of receiver chain cancels) 0 R J2 |1 |o
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R «/§ 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R ‘/g 1|0
5) Measurement Receiver:
uncertainty of the absolute level Power Meter 0.06 R ‘/g 1 joos
6) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 R V3 |1 |o08
. . Standard deviation of E-field
7) Quality of quiet zone in OZ measurement 0.5 N 1 1 |05
8) DUT Tx-power drift Drift 0.2 R J3 |1 |o12
9) Uncertainty related to the use of Uc[dB] = 0.20
hand phantom: Uncertainty of U,[dB] = 0.15
dielectric properties and shape of 032 R ‘/g 1019
the hand phantom.
Negligible, used A, = 15° and
10) Coarse sampling grid o 0 N 1 1 1|0
A(p =15°.
. . Monoblock, clamshell and
11) Repeatability of browsing mode PDA design used for testing 0.81 R ﬁ 1 |0.22
STAGE 2 (Calibration)
. Manufacturer's uncertainty
12) Uncertainty of network calculator, covers whole NA 0.5 R ﬁ 1 |0.29
analyzer
setup
13) Mismatch of receiver chain Taken in to account in NA setup 0 U \/E 1 1o
uncertainty
14) Insertion loss of receiver chain | Systematic with Stage 1 (=>
cancels) 0 R ‘/g 1|0
15) Mismatch in the connection of | Taken in to account in NA setup 0 U \/— 1 lo
calibration antenna uncertainty 2
16) Influence of the feed cable of . o . .
the calibration antenna Gain calibration with a dipole 0.3 R ﬁ 1 |0.17
17) Influence of the probe antenna | Systematic with Stage 1 (=>
cable cancels) 0 R ‘/g 1|0
18) Uncertainty of the absolute Systematic with Stage 1 (=> 0 R ﬁ 1 lo
gain of the probe antenna cancels)
19) Uncertainty of the absolute I o
gain of the calibration antenna Calibration certificate 0.5 R ﬁ 1 |0.29
20) Measurement distance:
Calibration antenna's d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 0.17
displacement and misalignment
21) Quality of quiet zone Standard deviation of e-field in
QZ measurement, Gain 0.5 N 1 1 |05
calibration
Combined standard uncertainty u, = 1.0
Expanded uncertainty (Confidence U, =196 u 1.96

interval of 95 %)
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Table E.29-4: Example of uncertainty budget for TRP measurement with laptop ground plane

phantom
. Standard
Uncertainty Source Comment Uncertainty Prob Div | ci | Uncertainty
Value [dB] Distr [dB]
STAGE 1 (DUT measurement)
1) Mismatch of receiver chain rover meter <0.05 Fprabe antemna | N 1 |1 |oo0s
connection <0.16
. . . Systematic with Stage 2 (=>
2) Insertion loss of receiver chain cancels) 0 R J2 |1 |o
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R «/§ 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R ‘/g 1|0
5) Measurement Receiver:
uncertainty of the absolute level Power Meter 0.06 R ‘/g 1 joos
6) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 R V3 |1 |o08
. . Standard deviation of E-field
7) Quality of quiet zone in OZ measurement 0.5 N 1 1 |05
8) DUT Tx-power drift Drift 0.2 R J3 |1 |o12
9) Uncertainty related to the use of
laptop ground plane phantom: Standard laptop phantom 0 R ﬁ 1|0
Negligible, used A, = 15° and
10) Coarse sampling grid o 0 N 1 1 1|0
A(p =15°.
horizontal USB design, rotary
11) Repeatability USB porter, and non-rotary 0.4 R ﬁ 1 |0.23
USB porter used for testing
STAGE 2 (Calibration)
. Manufacturer's uncertainty
13) Uncertainty of network calculator, covers whole NA 0.5 R ﬁ 1 |0.29
analyzer
setup
14) Mismatch of receiver chain Taken in to account in NA setup
uncertainty 0 U \/E 1|0
15) Insertion loss of receiver chain | Systematic with Stage 1 (=> 0 R ﬁ 1 lo
cancels)
16) Mismatch in the connection of | Taken in to account in NA setup
) VIS . 0 U J2 |1 |0
calibration antenna uncertainty
17) Influence of the feed cable of . Lo . .
the calibration antenna Gain calibration with a dipole 0.3 R ﬁ 1 |0.17
18) Influence of the probe antenna | Systematic with Stage 1 (=> 0 R ﬁ 1 lo
cable cancels)
19) Uncertainty of the absolute Systematic with Stage 1 (=> 0 R «/§ 1 1o
gain of the probe antenna cancels)
20) Uncertainty of the absolute S -
gain of the calibration antenna Calibration certificate 0.5 R ﬁ 1 |0.29
21) Measurement distance:
Calibration antenna's d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 0.17
displacement and misalignment
22) Quiality of quiet zone Standard deviation of e-field in
QZ measurement, Gain 0.5 N 1 1 |05
calibration
Combined standard uncertainty u, = 0.89
Expanded uncertainty (Confidence U, =196 u 175

interval of 95 %)
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Table E.29-5: Example of uncertainty budget for TRS head only measurement for anechoic chamber

method
. Standard
Uncertainty Source Comment Uncertainty PTOb Div | ci | Uncertaint
Value [dB] Distr y [dB]
STAGE 1 (DUT measurement)
1) Mismatch of transmitter chain 5%58;0'13 ["antenna connection 0.02 N 1 1 |0.02
2) Insertion loss of transmitter chain | Systematic with Stage 1 (=>
cancels) 0 R \/5 1|0
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R \/5 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R \/5 110
5) Base station simulator:
uncertainty of the absolute level 1 R \/5 1058
6) BER measurement: output level Step 0.1dB 0.05 R \/5 1 | 003
step resolution po ' )
7) Statistical uncertainty of the BER BER target 10%+2% , 20000
measurement tested bits , N=60 0.12 N L B
8) TRS data rate normalization 4 reference points measured 0.12 N 1 1 [0.12
9) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 R \/5 1008
. . Standard deviation of E-field
10) Quality of quiet zone in QZ measurement 0.5 N 1 1 (05
11) DUT sensitivity drift Drift measurement 0.2 R ﬁ 1 |0.12
12) Uncertainty related to the use of | Standard SAM with standard 0 R \/5 1 lo
SAM phantom: tissue simulant
13) Coarse sampling grid A,=30°andA = 30°. 0.15 N N 1 |0.15
14) Repeatability (';"eosri‘grt]"oc"' clamshell, slide | 5 g R J3 |1 |029
STAGE 2 (Calibration)
16) Uncertainty of network Manufacturer's uncertainty
analyzer calculator, covers NA setup 0.5 R \/§ 11029
17) Mismatch of transmitter chain Taken in to account in NA setup
uncertainty 0 U \/E 1|0
18) _Insertlon loss of transmitter Systematic with Stage 1 (=> 0 R \/5 1 lo
chain cancels)
19)_ Mls_match in the connection of | Taken in to account in NA setup 0 R \/5 1 o
calibration antenna uncertainty
20) Influence of the feed cable of . Lo .
the calibration antenna Gain calibration with dipole 0.3 R \/5 1 |0.17
21) Influence of the probe antenna | Systematic with Stage 1 (=>
cable cancels) 0 R \/5 1|0
22} Uncertainty of the absolute Systematic with Stage 1 (=> 0 R \/5 1 o
gain of the probe antenna cancels)
23) Uncertainty of the absolute S -
gain of the calibration antenna Calibration certificate 0.5 R \/5 1 |0.29
24) Measurement distance:
Calibration antenna's d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 0.17
displacement and misalignment
25) Quiality of quiet zone Standard deviation of E-field in 05 N 1 1 |los
QZ measurement
Combined standard uncertainty u, = 11
Expanded uncertainty (Confidence U, =196 U 216

interval of 95 %)
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Table E.29-6: Example of uncertainty budget for TRS head+hand (speech mode) measurement for
anechoic chamber method

Uncertaint Prob Standard
Uncertainty Source Comment y ' Div | ci | Uncertaint
Value [dB] Distr y [dB]
STAGE 1 (DUT measurement)
1) Mismatch of transmitter chain 5%58;0'13 I"antenna connection 0.02 N 1 1 |0.02
2) Insertion loss of transmitter chain | Systematic with Stage 1 (=>
cancels) 0 R \/5 1|0

3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R \/5 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R \/5 1|0
5) Base station simulator:
uncertainty of the absolute level 1 R \/5 11058
6) BER measurement: output level Step 0.1dB 0.05 R \/5 1 | 003
step resolution po. ' )
7) Statistical uncertainty of the BER BER target 10%+2% , 20000
measurement tested bits , N=60 0.12 N . . 0.12
8) TRS data rate normalization 4 reference points measured 0.12 N 1 1 [0.12
9) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 \/5 1008

. . Standard deviation of E-field
10) Quality of quiet zone in QZ measurement 0.5 N 1 1 (05
11) DUT sensitivity drift Drift measurement 0.2 R ﬁ 1 |0.12
12) Uncertainty related to the use of
the SAM head and hand phantoms: Standard SAM head with
a) uncertainty from using different standard tissue simulant
types of SAM phantom U.[dB] = 0.12 0.32 R J3 |1 |o019
b) simulated tissue liquid uncertainty Uy[dB] = 0.15
¢) uncertainty of dielectric properties
and shape of the hand phantom:
13) Coarse sampling grid A,=30°andA = 30°. 0.15 N N 1 |0.15

o Monoblock, clamshell and

14) Repeatability of speech mode PDA used for testing 1.4 R ﬁ 1 (081

STAGE 2 (Calibration)

15) Uncertainty of network Manufacturer's uncertainty 05 R 1 | 029

analyzer calculator, covers NA setup ) )

16) Mismatch of transmitter chain Taken in to account in NA setup 0 U 1 1o
uncertainty

17) Insertion loss of transmitter Systematic with Stage 1 (=> 0 R 1 1o

chain cancels)

18) Mismatch in the connection of | Taken in to account in NA setup

calibration antenna uncertainty

19) Influence of the feed cable of

the calibration antenna Gain calibration with dipole 0.3 R

20) Influence of the probe antenna | Systematic with Stage 1 (=>

0 R 110
cable cancels)
21) Uncertainty of the absolute Systematic with Stage 1 (=>
, 0 R 110
gain of the probe antenna cancels)

iRkl ikl

22) Uncertainty of the absolute

gain of the calibration antenna 11029

Calibration certificate 0.5 R

23)Measurement distance:

Calibration antenna's d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 0.17

displacement and misalignment

24) Quiality of quiet zone Standard deviation of E-field in 05 N 1 1 |os
QZ measurement

Combined standard uncertainty u, = 1.35

Expanded uncertainty (Confidence U =196 U 264

interval of 95 %)

ETSI




3GPP TS 37.544 version 14.4.0 Release 14

241

ETSI TS 137 544 V14.4.0 (2018-01)

Table E.29-7: Example of uncertainty budget for TRS hand only (browsing mode) measurement for
anechoic chamber method

Uncertaint Prob Standard
Uncertainty Source Comment y ' Div | ci | Uncertaint
Value [dB] Distr y [dB]
STAGE 1 (DUT measurement)
1) Mismatch of transmitter chain 5%58;0'13 I"antenna connection 0.02 N 1 1 |0.02
2) Insertion loss of transmitter chain | Systematic with Stage 1 (=>
cancels) 0 R \/5 1|0
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R \/5 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R \/5 1|0
5) Base station simulator:
uncertainty of the absolute level 1 R \/5 11058
6) BER measurement: output level Step 0.1dB 0.05 R \/5 1 | 003
step resolution po. ' )
7) Statistical uncertainty of the BER BER target 10%+2% , 20000
measurement tested bits , N=60 0.12 N . . 0.12
8) TRS data rate normalization 4 reference points measured 0.12 N 1 1 [0.12
9) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 \/5 1 |oo08
. . Standard deviation of E-field
10) Quality of quiet zone in QZ measurement 0.5 N 1 1 0.5
11) DUT sensitivity drift Drift measurement 0.2 R ﬁ 1 |0.12
12) Uncertainty related to the use of
hand phantom: Uncertainty of Uc[dB] = 0.12
dielectric properties and shape of U,[dB] = 0.15 0.32 R \/5 1|01
the hand phantom.
13) Coarse sampling grid A,=30°andA = 30°. 0.15 N N 1 |0.15
. . Monoblock, clamshell and
14) Repeatability of browsing mode PDA used for testing 0.91 R \/5 1 |0.28
STAGE 2 (Calibration)
15) Uncertainty of network Manufacturer's uncertainty
analyzer calculator, covers NA setup 0.5 R \/§ 11029
16) Mismatch of transmitter chain Taken in to account in NA setup
uncertainty 0 U \/E 1|0
17) Insertion loss of transmitter Systematic with Stage 1 (=>
chain cancels) 0 R \/5 1|0
18)_ Mls_match in the connection of | Taken in to account in NA setup 0 R \/5 1 o
calibration antenna uncertainty
19) Influence of the feed cable of . I -
the calibration antenna Gain calibration with dipole 0.3 R \/5 1 |0.17
20) Influence of the probe antenna | Systematic with Stage 1 (=>
cable cancels) 0 R \/5 1|0
21) Uncertainty of the absolute Systematic with Stage 1 (=> 0 R \/5 1 o
gain of the probe antenna cancels)
22) Uncertainty of the absolute I o
gain of the calibration antenna Calibration certificate 0.5 R \/5 1 |0.29
23)Measurement distance:
Calibration antenna's d=3m, Ad=0.05m, 6=2° 0.29 R ﬁ 1 0.17
displacement and misalignment
24) Quiality of quiet zone Standard deviation of E-field in 0.5 N 1 1 |os
QZ measurement
Combined standard uncertainty u, = 1.2
Expanded uncertainty (Confidence U, =196 u 235

interval of 95 %)
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Table E.29-8: Example of uncertainty budget for TRS measurement with laptop ground plane

phantom
. Standard
Uncertainty Source Comment Uncertainty PTOb Div | ci | Uncertaint
Value [dB] Distr y [dB]
STAGE 1 (DUT measurement)
1) Mismatch of transmitter chain 5%58;0'13 ["antenna connection 0.02 N 1 1 |0.02
2) Insertion loss of transmitter chain | Systematic with Stage 1 (=>
cancels) 0 R \/5 1|0
3) Influence of the probe antenna Systematic with Stage 2 (=> 0 R \/5 1 1o
cable cancels)
4) Absolute antenna gain of the Systematic with Stage 2 (=>
probe antenna cancels) 0 R \/5 1|0
5) Base station simulator:
uncertainty of the absolute level L R \/5 1 | 058
6) BER measurement: output level Step 0.1dB 0.05 R \/5 1 | 003
step resolution po. ' )
7) Statistical uncertainty of the BER BER target 10%+2% , 20000
measurement tested bits , N=60 0.12 N . . 0.12
8) TRS data rate normalization 4 reference points measured 0.12 N 1 1 [0.12
9) Measurement distance _
a) Offset of DUT phase centre Ad=0.05m 0.14 R \/5 1008
. . Standard deviation of E-field
10) Quality of quiet zone in QZ measurement 0.5 N 1 1 (05
11) DUT sensitivity drift Drift measurement 0.2 R ﬁ 1 |0.12
9) Uncertainty related to the use of
laptop ground plane phantom Standard laptop phantom 0 R \/5 1|0
13) Coarse sampling grid A,=30°andA = 30°. 0.15 N N 1 |0.15
horizontal USB design, rotary
14) Repeatability USB porter, and non-rotary 0.5 R ﬁ 1 |0.29
USB porter used for testing
STAGE 2 (Calibration)
15) Uncertainty of network Manufacturer's uncertainty
analyzer calculator, covers NA setup 0.5 R \/§ 1029
16) Mismatch of transmitter chain Taken in to account in NA setup
uncertainty 0 U \E 1|0
17) _Insertlon loss of transmitter Systematic with Stage 1 (=> 0 R \/5 1 o
chain cancels)
18)_ Mls_match in the connection of | Taken in to account in NA setup 0 R \/5 1 o
calibration antenna uncertainty
19) Influence of the feed cable of . Lo L
the calibration antenna Gain calibration with dipole 0.3 R \/5 1 |0.17
20) Influence of the probe antenna | Systematic with Stage 1 (=> 0 R \/5 1 lo
cable cancels)
21) Uncertainty of the absolute Systematic with Stage 1 (=> 0 R \/5 1 o
gain of the probe antenna cancels)
22) Uncertainty of the absolute S -
gain of the calibration antenna Calibration certificate 0.5 R \/5 1 |0.29
23) Measurement distance:
Calibration antenna's d=3m, Ad=0.05m, 6=2° 0.29 R J3 |1 | o017
displacement and misalignment
24) Quiality of quiet zone Standard deviation of E-field in 05 N 1 1 | o5
QZ measurement
Combined standard uncertainty u, = 11
Expanded uncertainty (Confidence U, =196 u 216

interval of 95 %)
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Table E.29-9: Example of uncertainty budget for TRP measurement for reverberation chamber
method

ETSI



3GPP TS 37.544 version 14.4.0 Release 14 244 ETSI TS 137 544 V14.4.0 (2018-01)

Uncertaint Standard
Uncertainty Source Comment Y| Prob Distr | Div | ci Uncertainty
Value [dB] [dB]
STAGE 1 (DUT measurement)
. . ["power meter <0.05
1) MlsmatCh of receiver ["ixed measurement antenna connection 0.05 U \/E 1 0.04
chain
<0.16
2) Ir_1$ert|on loss of receiver Systematic with Stage 2 (=> 0 R ﬁ 1 0
chain cancels)
3) Influence of the fixed Systematic with Stage 2 (=> 0 R «/§ 1 0
measurement antenna cable | cancels)
4) Absolute antenna gain of - _
the fixed measurement fgrs](t:eerlr;?tlc with Stage 2 (=> 0 R \/§ 1 0
antenna
5) Measurement Receiver:
uncertainty of the absolute Power Meter 0.06 R ﬁ 1 0.03
level
6) Chamber s_tgnstlcal ripple Statistics of chamber 0.4 N 1 1 0.4
and repeatability
. . The EUT not present in the
7) Additional power loss in chamber during calibration 0.1 R ﬁ 1 0.06
EUT chassis
measurement
8) DUT Tx-power drift Drift 0.2 R J3 |1 0.12
9) a) Uncertainty related to Standard SAM head with 0 R ﬁ 1 0
the use of SAM phantom: standard tissue simulant
b) Slmu_lated tissue liquid Maximum allowed error 0.5 R ﬁ 1 0.29
uncertainty
c) Effect of DUT holder Fixed value 0.2 R ﬁ 1 0.12
. Using the same setup and
10) Repeatability stirring Sequence 0.4 R J3 |1 0.23
11) Uncertainty related to
the use of Laptop Ground gf:;‘garﬁaﬁgé?p Ground [0] R ﬁ 1 [0]
Plane phantom P
STAGE 2 (Calibration)
. Manufacturer’s uncertainty
12) Uncertainty of network calculator, covers whole NA | 0.5 R ﬁ 1029
analyzer
setup
13) Mismatch of receiver Taken in to account in NA
chain setup uncertainty 0 U J2 |1 |o
14) Insertion loss of receiver | Systematic with Stage 1 (=>
chain cancels) 0 R \/g 110
15) Mismatch in the Taken in to account in NA
connection of calibration setup uncertainty 0 U ﬁ 1|0
antenna
16) Influence of the feed
cable of the calibration Gain calibration with a dipole | 0.3 R ﬁ 11017
antenna
17) Influence of the fixed Systematic with Stage 1 (=>
measurement antenna cable | cancels) 0 R \/g 110
18) Uncertainty of the L _
absolute gain of the fixed fgrs](t:eerlr;?tlc with Stage 1 (=> 0 R ﬁ 1]0
measurement antenna
19) Uncertainty of the
absolute gain of the Calibration certificate 0.5 R ﬁ 1 |0.29
calibration antenna
20) Chamber statistical .
ripple and repeatability Statistics of chamber 0.5 N 1 11|05
Combined standard _
uncertainty Ue = 0.88
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Expanded uncertainty
(Confidence interval of u,=196u, 1.73
95 %)
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Table E.29-10: Example of uncertainty budget for TRS measurement for reverberation chamber
method
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. Uncertainty . . . Standqrd
Uncertainty Source Comment Prob Distr | Div | ci | Uncertainty
Value [dB] [dB]
STAGE 1 (DUT measurement)
1) Mismatch of Bss <0.13
transmitter chain [ antenna connection <0.03 0.02 N : : 0.02
2) Insertion loss of Systematic with Stage 1 (=>
transmitter chain cancels) 0 R \/5 1 0
3) Influence of the fixed L _
measurement antenna Sgﬁ(t:eerlr;?tlc with Stage 2 (=> 0 R \/5 1 0
cable
4) Absolute antenna gain Lo
- Systematic with Stage 2 (=>
of the fixed cancels) 0 R \/5 1 0
measurement antenna
5) Base station
simulator: uncertainty of 1 R ﬁ 1 0.58
the absolute level
6) BER measurement:
output level step Step 0.1dB 0.05 R \/5 1 0.03
resolution
7) Statistical uncertainty BER target 10%+2% , 20000
of the BER measurement | tested bits , N=60 0.12 N 1 1 0.12
8) TRS data rate .
normalization 4 reference points measured 0.12 N 1 1 0.12
9) Chamber statistical -
ripple and repeatability Statistics of chamber 0.4 N 1 1 0.4
. The EUT not present in the
10) Additional power loss . o
in EUT chassis chamber during calibration 0.1 R \/5 1 0.06
measurement
11) DUT sensitivity drift Drift measurement 0.2 R ﬁ 1 0.12
12) a) Uncertainty )
related to the use of Standard SAM with standard 0 R \/5 1 0
. tissue simulant
SAM phantom:
b) Simulated tissue liquid .
uncertainty Maximum allowed error 0.5 R \/5 1 0.29
c) Effect of DUT holder Fixed value 0.2 R ﬁ 1 0.12
. Using the same setup and
13) Repeatability stirring sequence 0.4 R ﬁ 1 0.23
14) Uncertainty related to
Standard Laptop Ground
the use of Laptop Plane phantom [0] R \/5 1 [0]
Ground Plane phantom
STAGE 2 (Calibration)
15) Uncertainty of Manufacturer’s uncertainty
network analyzer calculator, covers NA setup 0.5 R \/§ L 029
16) Mismatch of Taken in to account in NA
transmitter chain setup uncertainty 0 U \/E 1 0
17) Insertion loss of Systematic with Stage 1 (=>
transmitter chain cancels) 0 R \/5 1 0
18) Mismatch in the Taken in to account in NA
connection of calibration | setup uncertainty 0 R ﬁ 1 0
antenna
19) Influence of the feed
cable of the calibration Gain calibration with dipole 0.3 R \/5 1 0.17
antenna
20) Influence of the fixed | Systematic with Stage 1 (=>
measurement antenna cancels) 0 R ﬁ 1 0
cable
21) Uncertainty of the L _
absolute gain of the fixed Systematic with Stage 1 (=> 0 R \/5 1 0
cancels)
measurement antenna
22) Uncertainty of the
absolute gain of the Calibration certificate 0.5 R \/5 1 0.29

calibration antenna
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23) Chamber statistical

ripple and repeatability Statistics of chamber 0.5 N 1 1 05

Combined standard

uncertainty Ue = 1.07
Expanded uncertainty
(Confidence interval of u,=196u, 2.09

95 %)
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Annex F (informative): Suggested recipes of liquid to be
used inside SAM phantom

F.1 General

The Specific Anthropomorphic Mannequin (SAM) is used for radiated performance measurements. The absorption of
el ectromagnetic energy by the human muscle or brain tissue is simulated by measuring the electrical field inside a SAM
phantom filled with a liquid having the same electrical properties as human tissue. TablesF.1-1 and F.1-2 are proposals
for two different recipes of the liquid to be used inside the SAM phantom.

Table F.1-1: Liquid recipe proposal 1

Component Mass %
De-ionized Water 57.12
Tween 20 42.30
NacCl 0.58

Table F.1-2: Liquid recipe proposal 2

Component Mass %
De-ionized Water 54.9 %
Diethylene Glycol Butyl Ether (DGBE) (> 99 % pure) | 44.92 %
NacCl 0.18 %
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Annex G (informative): Anechoic chamber specification and
validation method

G.1 Shielded anechoic chamber specifications

To avoid environmental perturbations the measurements shall be performed in a shielded enclosure, preserved from
el ectromagnetic disturbances coming from electromagnetic environment (Radio and TV broadcast, cellular, ISM
equipment, etc...). The shielding effectiveness shut be tested according to the EN 50 147-1 standard in the frequency
range of 800 MHz up to 4 GHz.

The recommended level of the shielding effectivenessis-100 dB from 800 MHz to 4 GHz.

Testing of the shielding effectiveness can be performed either before or after the installation of absorbers.

G.2 Quiet zone reflectivity level validation

The performance of anechoic chamber istypically evaluated from reflectivity level R, inthe quiet zone. The

reflectivity level is defined as power ratio of all summed reflected signals P to direct signal P, from antenna:

=)
=10log—- .
Revd g P

d

To evaluate the quiet zone reflectivity level, the contribution of absorbing materials, the antenna positioning system and
other constructions in the anechoic chamber should be measured.

To measure accurately quality of the quite zone in anechoic chamber an omni-directional antenna shall be used. Near
omni-directional three axes field-probes are available with fibre optic connection thus minimizing cable effects.
Because sensitivity of field probeislimited it shall be carefully checked that the field probe is operated at least 6dB
above the noise floor of the probe.

NOTE: The quiet zone evaluation should be performed with the antenna positioning system in its place, in order to
include its effect on the reflectivity level.
G.2.1  Description of a practical method for Quiet Zone characterization
A practical version of the Free Space VSWR method is presented.

In the Free Space VSWR method the quality of quite zone is measured from amplitude ripple caused by reflections
inside the anechoic chamber. Phase variation of the direct signal and the reflected signalsis obtained by moving afield-
probe in the quiet zone. Amplitude ripple in the quiet zone is caused by this phase variation of reflected signals and the
direct signal from antenna. Figure 2 below shows seven measuring positions.
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4
'
'

p Antenna

Figure G.2.1-1: Measurement positions with 150mm separation

In each of the seven-measurement position amplitude of power received by field-probe Pmeasn [dBm] is measured

where Nisindex of measuring position. Variance of measurement distance to the antenna from field-probe in different
measurement positions can be compensated by following equation:

n

P, =P, + 20Iog(%)

where,

d,, isdistance to point N from the antenna,

| is distance to centre of quiet zone from the antenna

P easy, 1S Uncorrected measurement value from point N.

The sample standard deviation of the electric field in the quiet zone can be cal culated from these distance corrected
values or directly from the measured values with the following equation:

= g3 lr -l

i=1

where,

N isnumber of measurements positions

P isdB averageof all P,

Pis B, or P

G.3 Standard deviation of electric field

To obtain a more accurate picture of quality of quiet zone, the measurement described in G.2.1 can be done from
multiple directions and polarizations. Doing free space VSWR measurement from different directionsin 15-degree

separation for elevation and azimuth, resultsin 264 standard deviation valuesin both polarizations (S, g, )- From
these values average sample standard deviation in electric field in quiet zone can be calculated from equation:
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where,

| isnumber of angular intervalsin elevation,

J isnumber of angular intervals in azimuth and

©, iselevation of measurement § ; -
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This quiet zone quality measurement should be done at all the frequencies used in measurements. It can also be
sufficient on al the centre frequenciesin the measurement bands but also in this case the Tx and Rx shall be measured

Separately.
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Annex H (informative): Reverberation chamber
specifications and validation method

H.1 Shielded reverberation chamber specifications

Before measuring the test site characteristicsin terms of stirring effectiveness, the shielding effectiveness of the metalic
enclosure must be measured.

To avoid environmental perturbations, the measurements shall be performed in a shielded enclosure, preserved from
electromagnetic disturbances coming from electromagnetic environment such as: TV broadcast, radio, cellular, ISM
equipment, to name afew. The shielding effectiveness recommended to be tested according to the EN 50 147-1
standard in the frequency range of 800 MHz up to 4 GHz.

The recommended level of the shielding effectivenessis-100 dB from 800 MHz to 4 GHz.

H.2 Reverberation chamber statistical ripple and repeatability
validation

The reverberation chamber is typically evaluated according to itsisotropy level and ability to produce independent
samples. The uncertainty due to chamber statistics is determined by repeated calibration measurements as described in
Annex B.2.2. This uncertainty contribution is a composite value consisting of most of the specific reverberation
chamber contributions, such as limited number of modes, polarization imbalance and mode-stirring techniques.

The uncertainty contribution value shall be determined by repeated calibration measurements for nine different
positions and orientations of the calibration antennain order to determine the statistical variation as afunction of
frequency, or at least at the frequencies where the chamber shall be used. This uncertainty contribution value can be
assumed to have a normal distribution.

The uncertainty will depend on chamber size, frequency, stirrer sequence, stirrer types and shapes, polarization stirring
(if any), and the degree of chamber loading. All these factors must remain the same for all of the nine calibration
measurements. The uncertainty will aso depend on frequency stirring bandwidth (if any), but the effects of different
amounts of frequency stirring can be studied with the same sets of calibration data as when no frequency stirring is

applied.

The nine net average power transfer functions of al or some of the nine calibration configurations for each loading case
shall be averaged to provide a good reference level. Frequency stirring can only be applied to improve the reference
level. Therefore, the uncertainty shall be found by computing the average and standard deviation of the net average
power transfer function of each of the nine reference (antenna) positions and orientations (without frequency stirring)
around the reference level (which can be frequency stirred if it gives better overall accuracy).

The data obtained during these reference measurements can be used for analysis of the chamber’s systematic and
deterministic contribution to S21. Such analysis can help determine possible uncertainty sources in chambers where the
“chamber statistics’ portion of the uncertainty analysisistoo high to fulfil the total uncertainty criterion. The
normalized standard deviation is calculated using the following expression:

H

mean
P

zmeasured -

where,

.
o’ = Z(Pref,t - F)rg]ean)2
=1

—|

is the standard deviation of the power transfer function over T different calibration antenna positions. P , isthe
reference power transfer function for position t of the calibration antenna. The power transfer function for every
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calibration antenna position is further the average over the power transfer function P , | for each fixed measurement
antenna in the chamber defined in Annex B.2.2. Thus,

where,

N is the total number of fixed measurement antennas. Moreover,
1 T
mean __
Pref — Z Pref 1t
T3

isthe average power transfer function over the T calibration antenna positions.
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Annex | (informative): Recommended performance for
Handheld UE

Editor’ s notes: This annex isincomplete. The following items are missing or incompl ete:

e Tablel.21.2-1,1.2.2.1-1,1.2.2.2-1,1.23.1-1,1.2.3.2-1,1.3.1.2-1,1.3.2.1-1,1.3.2.2-1,1.3.3.1-1 and |.3.3.2-1 as
they are not completein TS 37.144 yet

o Tablel22.31,1.224-1,1.2331,1.2.3.4-1,1.323-1,1.3.24-1, 1.3.3.3-1 and 1.3.3.4 as they are not specified in
TS 37.144 yet

1.1 General

This annex introduces the concept of recommended OTA performance for operating bands for handheld UE’s. This
requirement is not mandatory but is recommended.

The concept of recommended performance isto ensure that UE OTA performance is maximised in order to improve
user experience and network performance. It is recognised that the ability to meet the recommended performance
depends on the number of frequency bands supported by the UE.

.2 Total Radiated Power

The OTA TRP performance for UTRA and E-UTRA should be greater or equal than the recommended valuesin this
clause.

.2.1 Beside the head phantom position
Beside the head phantom test method is defined in subclause 4.3.1.
.2.1.1 UTRA FDD

Table 1.2.1.1-1: Handheld UE TRP recommended performance for UTRA FDD in beside the head
phantom position and the primary mechanical mode

Operating band|Power class 1|Power class 2|Power class 3|Power class 3bis|Power class 4
Power (dBm) | Power (dBm) | Power (dBm) | Power (dBm) |Power (dBm)
Average Average Average Average Average

I - - +18 +18 +16

Il - - +18 +18 +16

11 - - +18 +18 +16

\Y - - +18 +18 +16

\Y - - +14 +14 +12

VI - - +14.5 +14.5 +12.5

\ll - - +18 +18 +16

VI - - +15 +15 +13

IX - - +18 +18 +16

XIX - - +14.5 +14.5 +12.5

NOTE:  Applicable for dual-mode GSM/UMTS.
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1.2.1.2 UTRA LCR TDD

Table 1.2.1.2-1: Handheld UE TRP recommended performance for UTRA LCR TDD in beside the head
phantom position and the primary mechanical mode

Operating band | Power class 1 | Power class 2 | Power class 3 | Power class 3bis | Power class 4
Power (dBm) | Power (dBm) | Power (dBm) Power (dBm) Power (dBm)

Average Average Average Average Average
- +18 - - -

- TBD - - -
TBD - - -

- TBD - - -

- +18 - - -

- +18 - - -
Note: Applicable for dual-mode GSM/UTRA LCR TDD.

— | (|0 |T|D
'

1.2.2 Beside the head and hand phantoms position
Beside the head and hand phantoms test method is defined in subclauses 4.3.3.

1.2.2.1 UTRA FDD

Table 1.2.2.1-1: Handheld UE TRP recommended performance for UTRA FDD beside the head and
hand phantoms position and the primary mechanical mode

Operating band|Power class 1|Power class 2|Power class 3|Power class 3bis|Power class 4
Power (dBm) | Power (dBm) | Power (dBm)| Power (dBm) |Power (dBm)
Average Average Average
I - - 16.25 TBD TBD
Il - - 16.25 TBD TBD
Il - - TBD TBD TBD
\% - - TBD TBD TBD
\Y - - 12.40 TBD TBD
VI - - 12.40 TBD TBD
\il - - TBD TBD TBD
\lll - - 12.40 TBD TBD
IX - - TBD TBD TBD
XIX - - 12.40 TBD TBD
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for devices narrower than 72mm as defined in TR 25.914.
NOTE 3: Not applicable for devices supporting CDMA or carrier aggregation.

1.2.2.2 UTRA LCR TDD

Table 1.2.2.2-1: Handheld UE TRP recommended performance for UTRA LCR TDD in beside the head
and hand phantoms position and the primary mechanical mode

Operating band | Power class 1 | Power class 2 | Power class 3 | Power class 3bis | Power class 4
Power (dBm) | Power (dBm) | Power (dBm) Power (dBm) Power (dBm)

Average
- TBD - - -
- TBD - - -
TBD - - -
- TBD - - -
- TBD - - -
- TBD - - -
Note: Applicable for dual-mode GSM/UTRA LCR TDD.

— [ |0 |T|D
'
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1.2.2.3 E-UTRA FDD

Table 1.2.2.3-1: TBD

1.2.2.4 E-UTRA TDD

Table 1.2.2.4-1: TBD

1.2.3 Hand phantom browsing mode position
Hand phantom browsing mode test method is defined in subclauses 4.3.4.
.2.3.1 UTRA FDD

Table 1.2.3.1-1: Handheld UE TRP recommended performance for UTRA FDD in the hand phantom
browsing mode position

Operating band|Power class 1|Power class 2|Power class 3|Power class 3bis|Power class 4
Power (dBm) | Power (dBm) | Power (dBm)| Power (dBm) |Power (dBm)
Average Average Average

I - - TBD TBD TBD

1 - - TBD TBD TBD

1] - - TBD TBD TBD

[\ - - TBD TBD TBD

V - - TBD TBD TBD

) - - TBD TBD TBD

Vi - - TBD TBD TBD

VIl - - TBD TBD TBD

IX - - TBD TBD TBD

XIX - - TBD TBD TBD

NOTE:  Applicable for dual-mode GSM/UMTS.

1.2.3.2 UTRA LCR TDD

Table 1.2.3.2-1: Handheld UE TRP recommended performance for UTRA LCR TDD in the hand
phantom browsing mode position

Operating band | Power class 1 | Power class 2 | Power class 3 | Power class 3bis | Power class 4
Power (dBm) | Power (dBm) | Power (dBm) Power (dBm) Power (dBm)

Average
- TBD - - -
- TBD - - -
TBD - - -
- TBD - - -
- TBD - - -
- TBD - - -
Note: Applicable for dual-mode GSM/UTRA LCR TDD.

—-|D |0 (oo
'
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Table 1.2.3.3-1: Tablet TRP recommended performance for E-UTRA FDD in the data transfer position

Operating | Power Class 1 | Power Class 2 Power Class 3 Power Class 4
band Power (dBm) Power (dBm) Power (dBm) Power (dBm)
Average
1 21.0
2
3 20.5
4
5
7 20.0
8
12
13
19 20.0
20 19.5
21 20.0
28
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicability for devices supporting CDMA or aggregated carriers (e.g. multi-carrier
HSPA, LTE Carrier Aggregation) is FFS.

Table 1.2.3.4-1: TBD

The OTA TRS performance for UTRA and E-UTRA should be lower or equal than the recommended values shown in

1234 E-UTRATDD
1.3 Total Radiated Sensitivity
this clause.

1.3.1

Beside the head phantom position

Beside the head phantom test method is defined in subclause 4.3.1.

1.3.1.1 UTRA FDD

Table 1.3.1.1-1: Handheld UE TRS recommended performance for FDD in beside the head phantom
position for the primary mechanical mode

shall apply for Band IV.

Operating band Unit <REFlor>
[ dBm/3.84 MHz -104
Il dBm/3.84 MHz -102
1 dBm/3.84 MHz -101
\Y dBm/3.84 MHz -104
\Y dBm/3.84 MHz -99.5
VI dBm/3.84 MHz -101
Vi dBm/3.84 MHz -102
\lll dBm/3.84 MHz -100
IX dBm/3.84 MHz -103
XIX dBm/3.84 MHz -101
NOTE 1: For the UE which supports DB-DC-HSDPA configuration 2, average <REFlor> level of -101 dBm/3.84 shall
apply for Band II.
NOTE 2: For the UE which supports DB-DC-HSDPA configuration 2, average <REFior> level of -103 dBm/3.84 MHz
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1.3.1.2 UTRA LCR TDD

Table 1.3.1.2-1: Handheld UE TRS recommended performance for UTRA LCR TDD in beside the head
phantom position and the primary mechanical mode.

Operating band Unit <REFlor>
Average
a dBm/1.28 MHz -105
b dBm/1.28 MHz TBD
C dBm/1.28 MHz TBD
d dBm/1.28 MHz TBD
e dBm/1.28 MHz -105
f dBm/1.28 MHz -105
NOTE: Applicable for dual-mode GSM/UTRA LCR TDD.

1.3.2 Beside the head and hand phantoms position
Beside the head and hand phantoms test method is defined in subclauses 4.3.3.
1.3.2.1  UTRAFDD

Table 1.3.2.1-1: TRS recommended performance for UTRA FDD in the beside the head and hand
phantoms position for the primary mechanical mode

Operating band Unit <REFlor>
Average
| dBm/3.84 MHz -104.0
I dBm/3.84 MHz -102.0
11 dBm/3.84 MHz TBD
[\ dBm/3.84 MHz TBD
\ dBm/3.84 MHz -99.75
VI dBm/3.84 MHz -99.75
VIl dBm/3.84 MHz TBD
VIII dBm/3.84 MHz -99.75
IX dBm/3.84 MHz TBD
XIX dBm/3.84 MHz -99.75

NOTE 1: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -101 dBm/3.84 shall apply for Band II.

NOTE 2: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -103 dBm/3.84 MHz shall apply for
Band IV.

NOTE 3: Applicable for devices narrower than 72mm as defined in TR
25.914

NOTE 4: Not applicable for devices supporting CDMA or carrier aggregation

1.3.2.2 UTRA LCR TDD

Table 1.3.2.2-1: TRS recommended performance for UTRA LCR TDD in the beside the head and hand
phantoms position and the primary mechanical mode

Operating band Unit <REFlor>
Average
a dBm/1.28 MHz TBD
b dBm/1.28 MHz TBD
C dBm/1.28 MHz TBD
d dBm/1.28 MHz TBD
e dBm/1.28 MHz TBD
f dBm/1.28 MHz TBD
NOTE: Applicable for dual-mode GSM/UTRA LCR TDD.
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Table 1.3.2.3-1: Tablet TRS recommended performance for E-UTRA FDD in data transfer position

1.3.2.4

1.3.3

Operating band |Channel bandwidth Sensitivity (dBm)
Average
1 10 MHz -96.0
2 10 MHz
3 10 MHz -97.0
4 10 MHz
5 10 MHz
7 10 MHz -95.75
8 10 MHz
12 10 MHz
13 10 MHz
19 10 MHz -94.5
20 10 MHz -94.5
21 15 MHz -93.0
28 10 MHz
32 10 MHz
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicability for devices supporting CDMA or aggregated
carriers (e.g. multi-carrier HSPA, LTE Carrier
Aggregation) is FFS.

E-UTRA TDD

Table 1.3.2.4-1: TBD

Hand phantom browsing mode position

Hand phantom browsing mode test method is defined in subclauses 4.3.4.

1.3.3.1

UTRA FDD

Table 1.3.3.1-1: TRS recommended performance for UTRA FDD in hand phantom browsing mode
position
Operating band Unit <REFlor>
Average
| dBm/3.84 MHz TBD
I dBm/3.84 MHz TBD
Il dBm/3.84 MHz TBD
W% dBm/3.84 MHz TBD
V dBm/3.84 MHz TBD
\i dBm/3.84 MHz TBD
VI dBm/3.84 MHz TBD
VI dBm/3.84 MHz TBD
IX dBm/3.84 MHz TBD
XIX dBm/3.84 MHz TBD
NOTE 1: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -101 dBm/3.84 shall apply for Band II.
NOTE 2: For the UE which supports DB-DC-HSDPA configuration 2,
average <REFior> level of -103 dBm/3.84 MHz shall apply for
Band IV.
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1.3.3.2 UTRA LCR TDD

Table 1.3.3.2-1: TRS recommended performance for UTRA LCR TDD in hand phantom browsing mode

position
Operating band Unit <REFlor>
Average
a dBm/1.28 MHz TBD
b dBm/1.28 MHz TBD
[ dBm/1.28 MHz TBD
d dBm/1.28 MHz TBD
e dBm/1.28 MHz TBD
f dBm/1.28 MHz TBD
NOTE:  Applicable for dual-mode GSM/UTRA LCR TDD.

1.3.3.3 E-UTRA FDD

Table 1.3.3.3-1 TBD

1.3.3.4 E-UTRA TDD

Table 1.3.3.4-1 TBD
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Annex J (informative): Recommended performance for LME
Editor’ s notes: This annex isincomplete. The following items are missing or incompl ete:
e TableJ2.1-1,J.2.2-1,J.3.1-1 and J.3.2-1 asthey are not completein TS 37.144 yet

e TableJ2.3-1,J2.4-1,J.3.3-1 and J.3.4-1 asthey are not specified in TS 37.144 yet

J.1 General

This annex introduces the concept of recommended OTA performance for operating bands for UE’s supporting LME
feature. This requirement is not mandatory but is recommended.

The concept of recommended performance isto ensure that UE OTA performance is maximised in order to improve
user experience and network performance. It is recognised that the ability to meet the recommended performance
depends on the number of frequency bands supported by the UE.

J.2 Total Radiated Power

The OTA TRP performance for UTRA and E-UTRA should be greater or equal than the recommended valuesin this
clause.

Laptop ground plane phantom test method is defined in subclauses 4.3.2.

J.2.1 UTRA FDD

Table J.2.1-1: LME TRP recommended performance for UTRA FDD in data transfer position

Operating band|Power class 1|Power class 2|Power class 3|Power class 3bis|Power class 4
Power (dBm) | Power (dBm) | Power (dBm)| Power (dBm) |Power (dBm)
Average Average Average Average Average
[ - - TBD TBD TBD
1 - - TBD TBD TBD
1l - - TBD TBD TBD
[\ - - TBD TBD TBD
V - - TBD TBD TBD
VI - - TBD TBD TBD
VIl - - TBD TBD TBD
VI - - TBD TBD TBD
IX - - TBD TBD TBD
XIX - - TBD TBD TBD
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for USB plug-in devices.

J.2.2 UTRA LCR TDD

Table J.2.2-1: LME TRP recommended performance for UTRA LCR TDD in data transfer position

Operating band | Power class 1 | Power class 2 | Power class 3 | Power class 3bis | Power class 4
Power (dBm) | Power (dBm) | Power (dBm) Power (dBm) Power (dBm)

Average Average Average Average Average
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- TBD - - -
- TBD - - -
TBD - - -
- TBD - - -
- TBD - - -
- TBD - - -
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for USB plug-in devices.

—- |0 [a|o|To|w
'

J.2.3 E-UTRA FDD

Table J.2.3-1: TBD

J.2.4 E-UTRA TDD

Table J.2.4-1: TBD

J.3 Total Radiated Sensitivity

The OTA TRS performance for UTRA and E-UTRA should be lower or equal than the recommended values shown in
this clause.

Laptop ground plane phantom test method is defined in subclauses 4.3.2.

J.3.1 UTRA FDD

Table J.3.1-1: LME TRS recommended performance for UTRA FDD in the data transfer position

Operating band Unit <REFlor>
Average
| dBm/3.84 MHz TBD
1] dBm/3.84 MHz TBD
11 dBm/3.84 MHz TBD

[\ dBm/3.84 MHz TBD
Vv dBm/3.84 MHz TBD
VI dBm/3.84 MHz TBD
Vil dBm/3.84 MHz TBD
VIl dBm/3.84 MHz TBD
IX dBm/3.84 MHz TBD
XIX dBm/3.84 MHz TBD

NOTE:  Applicable for USB plug-in devices.

J.3.2 UTRA LCR TDD

Table J.3.2-1: LME TRS recommended performance for UTRA LCR TDD in the data transfer position

Operating band Unit <REFior>
Average
a dBm/1.28 MHz TBD
b dBm/1.28 MHz TBD
C dBm/1.28 MHz TBD
d dBm/1.28 MHz TBD
e dBm/1.28 MHz TBD
f dBm/1.28 MHz TBD
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for USB plug-in devices.
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J.3.3 E-UTRA FDD

Table J.3.3-1: TBD

J.3.4 E-UTRA TDD

Table J.3.4-1: TBD
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Annex K (informative): Recommended performance for LEE

Editor’ s notes: This annex isincomplete. The following items are missing or incompl ete:

-TableK.2.1-1, K.2.1-2, K.2.2-1, K.2.2-2, K.3.1-1, K.3.1-2, K.3.2-1 and K.3.2-2 as they are not complete in TS

37.144 yet
- TableK.2.3-1, K.2.3-2, K.2.4-1, K.2.4-2, K.3.3-1, K.3.3-2, K.3.4-1 and K.3.4-2 as they are not specified in TS
37.144 yet
K.1 General

This annex introduces the concept of recommended OTA performance for operating bands for UE’s supporting LEE
feature. This requirement is not mandatory but is recommended.

The concept of recommended performance isto ensure that UE OTA performance is maximised in order to improve
user experience and network performance. It is recognised that the ability to meet the recommended performance
depends on the number of frequency bands supported by the UE.

K.2 Total Radiated Power

The OTA TRP performance for UTRA and E-UTRA should be greater or equal than the recommended valuesin this
clause.

Test method for devices with embedded modulesis defined in subclauses 4.3.5.

K.21 UTRAFDD

Table K.2.1-1: Notebook TRP recommended performance for UTRA FDD in data transfer position

Operating band|Power class 1|Power class 2|Power class 3|Power class 3bis|Power class 4
Power (dBm) | Power (dBm) | Power (dBm)| Power (dBm) |Power (dBm)
Average Average Average Average Average
I - - 21.5 TBD TBD
Il - - TBD TBD TBD
11 - - TBD TBD TBD
\Y - - TBD TBD TBD
\Y - - TBD TBD TBD
\ - - 21.0 TBD TBD
\ll - - TBD TBD TBD
VI - - 21.0 TBD TBD
IX - - TBD TBD TBD
XIX - - 21.0 TBD TBD
NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicable for notebook devices.

NOTE: TRP minimum performance requirementsin Table K.2.1-1apply to HSPA and LTE UEs supporting only
single carrier operation. Their applicability to multi-carrier operation is FFS. Thisis because it has not
been verified whether the UEs measured to derive the requirements supported carrier aggregation or not.
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Table K.2.1-2: Tablet TRP recommended performance for UTRA FDD in data transfer position

Operating band|Power class 1|Power class 2|Power class 3|Power class 3bis|Power class 4
Power (dBm) | Power (dBm) | Power (dBm)| Power (dBm) |Power (dBm)
Average Average Average Average Average
I - - 21.5 TBD TBD
Il - - TBD TBD TBD
1] - - TBD TBD TBD
\Y - - TBD TBD TBD
\Y - - 19.5 TBD TBD
VI - - TBD TBD TBD
\ll - - TBD TBD TBD
VI - - TBD TBD TBD
IX - - TBD TBD TBD
XIX - - 19.5 TBD TBD
NOTE 1: Applicable for dual-mode GSM/UMTS.
NOTE 2: Applicable for tablet devices with two antennas.

K.22 UTRALCRTDD

Table K.2.2-1: Notebook TRP recommended performance for UTRA LCR TDD in data transfer position

Operating band | Power class 1 | Power class 2 | Power class 3 | Power class 3bis | Power class 4
Power (dBm) | Power (dBm) | Power (dBm) Power (dBm) Power (dBm)

Average Average Average Average Average
- TBD - - -

- TBD - - -
TBD - - -

- TBD - - -

- TBD - - -

- TBD - - -
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.

— [ |0 |T|D
'

Table K.2.2-2: Tablet TRP recommended performance for UTRA LCR TDD in data transfer position

Operating band | Power class 1 | Power class 2 | Power class 3 | Power class 3bis | Power class 4
Power (dBm) | Power (dBm) | Power (dBm) Power (dBm) Power (dBm)

Average Average Average Average Average
- TBD - - -

- TBD - - -
TBD - - -

- TBD - - -

- TBD - - -

- TBD - - -
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for tablet devices.

— |0 |a|O|T|(o
'

K.2.3 E-UTRA FDD
[Table K.2.3-1 and K.2.3-2 TBD]

K.2.4 E-UTRA TDD
[Table K.2.4-1 and K.2.4-2 TBD]
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K.3 Total Radiated Sensitivity

The OTA TRS performance for UTRA and E-UTRA should be lower or equal than the recommended val ues shown in
this clause.

Test method for devices with embedded modulesis defined in subclauses 4.3.5.

K.3.1 UTRAFDD

Table K.3.1-1: Notebook TRS recommended performance for UTRA FDD in the data transfer position

Operating band Unit <REFlor>
Average
| dBm/3.84 MHz -106.5
I dBm/3.84 MHz TBD
11 dBm/3.84 MHz TBD

v dBm/3.84 MHz TBD

\ dBm/3.84 MHz TBD

\| dBm/3.84 MHz -104.5
VIl dBm/3.84 MHz TBD
VIl dBm/3.84 MHz -104.5
IX dBm/3.84 MHz TBD
XIX dBm/3.84 MHz -104.5

NOTE 1: Applicable for multi-mode GSM/UMTS/LTE.
NOTE 2: Applicable for notebook devices.

NOTE: TRS minimum performance requirements in Table K.3.1-1 apply to HSPA and L TE UEs supporting only
single carrier operation. Their applicability to multi-carrier operation is FFS. Thisis because it has not
been verified whether the UEs measured to derive the requirements supported carrier aggregation or not.

Table K.3.1-2: Tablet TRS recommended performance for UTRA FDD in the data transfer position

Operating band Unit <REFlor>
Average
| dBm/3.84 MHz 108.75
Il dBm/3.84 MHz TBD
1 dBm/3.84 MHz TBD
\Y dBm/3.84 MHz TBD
\Y dBm/3.84 MHz 106.0
VI dBm/3.84 MHz TBD
)l dBm/3.84 MHz TBD
\lll dBm/3.84 MHz TBD
IX dBm/3.84 MHz TBD
XIX dBm/3.84 MHz 106.0
NOTE:  Applicable for tablet devices with two antennas.
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Table K.3.2-1: Notebook TRS recommended performance for UTRA LCR TDD in the data transfer

position
Operating band Unit <REFlor>
Average
a dBm/1.28 MHz TBD
b dBm/1.28 MHz TBD
c dBm/1.28 MHz TBD
d dBm/1.28 MHz TBD
e dBm/1.28 MHz TBD
f dBm/1.28 MHz TBD
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for notebook devices.

Table K.3.2-2: Tablet TRS recommended performance for UTRA LCR TDD in the data transfer

position
Operating band Unit <REFlor>
Average
a dBm/1.28 MHz TBD
b dBm/1.28 MHz TBD
c dBm/1.28 MHz TBD
d dBm/1.28 MHz TBD
e dBm/1.28 MHz TBD
f dBm/1.28 MHz TBD
NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.
NOTE 2: Applicable for tablet devices.

K.3.3 E-UTRAFDD

[Table K.3.3-1 and K.3.3-2 TBD]

K.3.4 E-UTRATDD

[TableK.3.4-1 and K.3.4-2 TBD]
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Annex L (informative): Multi-Probe Anechoic Chamber
Specification and Validation Method

L.1 Multi-probe anechoic chamber specifications

The Multi-Probe Anechoic Chamber implementation is based on the full SCME implementation described in TR 37.977
[29] clause 6.3.1.1 and would be evaluated for shielding effectiveness in accordance with Annex G.1 and would follow
the recommendations in Annex A.3.5.

L.2 Multi-probe anechoic chamber minimum distance between
the DUT and the measurement antenna

The multi-probe anechoic chamber minimum distance between the DUT and the measurement antenna would follow
the recommendationsin Annex A.3.3.

L.3 Multi-probe anechoic chamber quiet zone reflectivity level
validation

The multi-probe anechoic chamber quiet zone reflectivity level validation is performed in accordance with Annex G.2
and Annex G.3 and would follow the recommendationsin Annex A.3.2 and Annex A.3.4.

L.4 Multi-probe anechoic chamber channel model verification

The multi-probe anechoic chamber channel model verification is performed in accordance with TR 37.977 [29] clause
8.3 for the channel model defined in clause 7.4.1.2 at the downlink centre frequency of the mid-channel defined in TS

36.508 [10] for the operating bands defined in clause 7.4.1.2. The results are expected to meet the recommended limits
in TR 37.977 [29] clause 8.3.3.
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Annex M (normative): Channel Model emulation of the Base
Station antenna pattern configuration for Radiated
Performance of Multiple-antenna Receivers

M.1  Channel Model(s)

The following channel models are used in evaluation of MIMO OTA methodol ogies.
The generic models are
- SCME Urban micro-cell, and
In addition, the BS antenna assumptions defined in Annex M.2 also apply when emulating the channel models.
In the following we define the cross polarization power ratio a propagation channel as XPR = XPR, = XPRy , where
XPR, = SW. o XPRy _SHH
Shv SuH
and

- Syv isthe coefficient for scattered/reflected power on V-polarization and incident power on V-polarization;
- Syn isthe coefficient for scattered/reflected power on V-polarization and incident power on H-polarization;
- Sav isthe coefficient for scattered/reflected power on H-polarization and incident power on V-polarization;
- Sun isthe coefficient for scattered/reflected power on H-polarization and incident power on H-polarization.

NOTE: For Vertical only measurements, the powers per delay are used without regard to the specified XPR
values.

The following SCME Urban Micro-cell is unchanged from the original SCME paper, with added XPR values, Direction
of Travel, and Velocity.

Table M.1-1: SCME urban micro-cell channel model

SCME Urban micro-cell
Cluster # Delay [ns] Power [dB] AoD [] AoA [°]
1 0 5 10 | -3.0 | -2 | -7.0 6.6 0.7
2 2851290 | 295 | -43 | -65 | -83 141 -13.2
3 205 | 210 | 215 | -5.7 | -7.9 | 9.7 50.8 146.1
4 660 | 665 | 670 | -7.3 | -9.5 | -11.3 38.4 -30.5
5 805 | 810 | 815 | -9.0 | -11.2 | -13.0 6.7 -11.4
6 9251930 | 935 | -11.4 | -13.6 | -15.4 | 40.3 -1.1
Delay spread [ns] 294
Cluster AS AoD / AS AoA [9] 5/35
Cluster PAS shape Laplacian
Total AS AoD / AS AoA [°] 18.2/67.8
Mobile speed [km/h] / Direction of travel [°] 3,30/120
XPR 9dB
(NOTE: V & H components based on assumed BS antennas)
Mid-paths Share Cluster parameter values for: AoD, AoA, AS, XPR

The parameters of the channel models are the expected parameters for the MIMO OTA channel models.
However, the final channel model achieved for different methods could be a combined effect of the chamber and the
channel emulator.

The Rayleigh fading may be implementation specific. However, the fading can be considered to be appropriate as long
asthe statistics of the generated Rayleigh fading are within standard requirement on Rayleigh fading statistics.
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M.2 Base Station antenna pattern configuration

The emulated BS antennas to be used for all emulation of the channel models defined in Annex M. 1 shall be assumed to
be dual polarized equal power elements with afixed O\ separation, 45 degrees slanted.

The dant 45 degree antennaiis an " X" configuration and is modelled as an ideal dipole with isotropic gain and subject to
aforeshortening of the slanted radiating element, which is observed to vary as a function of the path angle of departure.
This foreshortening with AoD is atypical slanted dipole behaviour and is a source of power variation in the channel
model. The effective antenna pattern for this antennaisillustrated in Figure M.2-1.
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Figure M.2-1: X antenna gain assumption (a) Linear gain (b) dB gain

Annex N (informative):. Estimation of measurement
uncertainty for Multiple-antenna receivers

N.1  General

Editor’s notes: Table N.1-1 is based on asimilar tablein RAN4 TR 37.977. There are a number of inconsistencies
(examples are listed below) and errorsin the source table that are still remaining in Table N.1-1. They
should be fixed once RAN4 fixes the corresponding tablein TR 37.977.

- NOTEs1, 3 & 4 are not relevant to MPAC; the NOT Es should be removed.
- Item 19 is not relevant to MPAC and should be removed.
- Items 9 and 10 seem to berelated to SIR that is out of scope of the WI; these may be removed from the table.

Individual uncertainty contributionsin the TRMS measurements are discussed and evaluated in this Annex. A technique
for calculating the total measurement uncertainty is also presented.

Animportant part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of
the overall measurement uncertainty. There are various individual uncertainty sources in the measurement procedure
that introduce a certain uncertainty contribution to the final measurement result. The approach in this standard test
procedure is that the test laboratories are not limited to using some specific instruments and antenna positioners, for
example. However, alimit is set for the maximum overall measurement uncertainty.

The TRM S measurement procedure can be considered to include two stages. In Stage 1 the actual measurement of the
MIMO OTA throughput of the Device Under Test (DUT) is performed. In Stage 2 the calibration of the absolute level
of the DUT measurement resultsis performed.
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The uncertainty contributions related to TRMS are listed in Tables N.1-1. The uncertainty contributions are analysed in
the following paragraphs.

The calculation of the uncertainty contribution is based on the SO Guide to the expression of uncertainty in
measurement. Each individual uncertainty is expressed by its Standard Deviation (termed here as ‘ standard
uncertainty’) and represented by symbol U. The uncertainty contributions can be classified to two categories. Type-A
uncertainties, which are statistically determined e.g. by repeated measurements, and Type-B uncertainties, which are
derived from existing data e.g. data sheets. Several individual uncertainties are common in Stage 1 and Stage 2 and
therefore cancel.

The procedure of forming the uncertainty budget in measurement is.
1) Compilelists of individual uncertainty contributions for measurementsin both Stage 1 and Stage 2.
2) Determine the standard uncertainty of each contribution by
a) Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)

b) Determining the maximum value of each uncertainty (unless the distributions is Gaussian)

¢) Calculating the standard uncertainty by dividing the uncertainty by \/E if the distribution is U-shaped,
and by \/§ if the distribution is rectangular.
3) Convert the unitsinto decibel, if necessary.
4) Combine al the standard uncertainties by the Root of the Sum of the Squares (RSS) method.

5) Combinethe total uncertaintiesin Stage 1 and Stage 2 aso by the RSS method:

_ 2 2
c = \/uc,DUT measurement + uc,calibration measurement

u

6) Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level:
1.96* Ye.
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Table N.1-1: Measurement uncertainty budget for Multiprobe Anechoic method
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Description of uncertainty contribution Details in MPAC
Std
# Stage 1-DUT measurement Example Uncertainty
Value [dB] Prob Distr [dB]
1 Mismatch of transmitter chain (i.e. between fixed TS 34.114, E.1-
measurement antenna and base station simulator) E.2 0.00 u-shape 0.00
2 Insertion loss of transmitter chain TS 34.114, E.3-
E5 0.00 rect 0.00
3 | Influence of the fixed measurement antenna cable TS 34.114,E6 0.00 rect 0.00
4 Uncertainty of the absolute antenna gain of the TS 34.114, E.7
fixed measurement antenna 0.00 rect 0.00
Base station simulator: uncertainty of the absolute TS34.114, E.17
5 [TS 36.521-1
output level
F.1.3] 1.00 rect 0.58
6 Throug.hput measurement: output level step TS 34.114, E.18
resolution 0.25 rect 0.14
FFS
(negligible and
7 Statistical uncertainty of throughput measurement TS34.114, E.19 partially
included in
repeatability)
Fading channel emulator output uncertainty (if normal
used)
8 - absolute output power N.2 1.5dB gxg:)t
- output signal stability 0.5dB rect
- output stability with temperature 0' 4dB (stability) 0.84
9 | AWGN flatness within LTE band TBD (NOTE 4) FES
Signal-to noise ratio uncertainty, averaged over
10 downlink transmission Bandwidth TBD (NOTE 4) FES
11 | Channel model implementation (NOTE 2) TBD FES FES
- . . TS 34.114,
12 | Chamber statistical ripple and repeatability E 26 A N/A 0.00
. . . TS 34.114,
13 | Additional power loss in EUT chassis E 26.B N/A 0.00
14 | Quality of the quiet zone TS 34.114,E.10 0.50 std 0.50
Measurement Distance
15 | - VSWR TS 34.114, E.9
- Chamber Standing Wave 0.00 0.00
16 | DUT sensitivity drift TS 34.114, E.21 0.20 rect 0.12
Uncertainty related to the use of the phantoms: 0.00
a) Uncertainty of dielectric properties and shape of TR 25.914,
17 | the hand phantom A.12.3 0.00
b) Uncertainty related to the use of laptop ground TR 25.914,
plane phantom Al12.4 0.00
18 | Random uncertainty (repeatability) TS 34.114,E.14 0.20 rect 0.12
19 Uncertainty associated with the stirring method and
number of subframes (NOTE 3) N/A 0.00
Stage 2-Calibration measurement 0.00
Uncertainty of network analyzer
20 | - Receiver and Source VNA TS 34.114, E.15
- Receiver VNA Calibration prior to measurement 0.50 rect 0.29
21 | Mismatch of transmitter chain TS 34.114, E1-
E2 0.20 u-shape 0.14
22 | Insertion loss of transmitter chain TS 34.114,E.3-
E.5 0.00 0.00
23 | Mismatch in the connection of calibration antenna TS 34.114,E.1 0.00 rect 0.00
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24 | Influence of the calibration antenna feed cable TS 34.114,E.6 0.00
Influence of the transmitter antennas/probes
25 cables TS34.114, E6 0.00 rect 0.00
26 Uncertainty of the absolute gain of the transmitter TS 34.114, E.7
antennas/probes 0.00 rect 0.00
27 Uncertaiqty of the absolute gain/radiation efficiency TS 34.114, E.16
of the calibration antenna 0.50 std 0.50
o N TS 34.114,
28 | Chamber statistical ripple and repeatability E 26 A 0.00
29 | Phase Centre Offset (when using horn to calibrate) | TS 34.114, E.9 0.00 rect 0.00
30 | Quality of the quiet zone (Range Ref. Antenna) TS 34.114, E.10 0.50 rect 0.29
External Amplifiers 0.00
31 | stability N.3.1 0.30 rect 0.17
32 Linearity N.3.2 0.10 rect 0.06
33 | Noise Figure N.3.3 0.30 rect 0.17
34 | Mismatch N.3.4 0.00 rect 0.00
35 | Gain N.3.5 0.00 rect 0.00
NOTE 1: 0dB if fading for RTSis done in baseband; same as RC& CE and MPAC if fading is not in baseband
NOTE 2: assumption isthat MU set to 0dB with channel model validation pass/fail limits (FFS) that have
negligible impact on TP FOM; MU for channel mode! validation is FFS
NOTE 3: Analysisof the element associated with stirring method and number of subframesis based on existing
harmonization test campaign data and can be further augmented by additional measurements. The
following combinations of stirring modes and number of subframes have been identified as common use
cases with the following standard uncertainties (different combinations require separate validation):
A: stepped stirring mode with 20k SF per stirring state: 0dB
B: stepped stirring mode with 400 SF per stirring state: 0.22dB
C: continuous stirring mode with 20k SF per sample: FFS
D: continuous stirring mode with 400 SF per sample: FFS
Until MU elements for continuous stirring modes have been defined, the test plan shall only consider
stepped stirring approach
NOTE 4: Asthe applicability of SIR to MIMO OTA performance evaluation is FFS, the measurement uncertainty
treatment for SIR related items will remain FFS. When the applicability of SIR is confirmed, the
measurement uncertainty treatment defined in 3GPP TS 36.521-1 [11] Table F.1.4-1 for lineitem
8.2.1.3.1 should be considered along with the related test system constraints. Any adjustments to the test
system limits or uncertainty definitions necessary for MIMO OTA performance testing should be applied.
N.2  Fading channel emulator output uncertainty

In the case where a fading channel emulator is used, the outputs of the fading channel emulator are used to drive signals
through the amplifiers, if necessary, to the probe antennas in the MIMO OTA tests either as an absolute level or asa
relative level. The receiving device used isa UE. Generally, an uncertainty contribution comes from the absol ute level
accuracy, non-linearity, and output signal stability of the fading channel emulator. All of the contributions should be
considered. However, the applicability of each contribution is contingent on the specific measurement implementation
and calibration procedure.

This uncertainty should be determined from the manufacturer’ s data sheet expressed in dB with a rectangular
distribution, unless otherwise informed (see clause 5.1.2 in [33]). Furthermore, the uncertainty of the non-linearity and
the output signal stability of the device may be included in the absolute level uncertainty. If not, the non-linearity,
output signal stability and output signal stability versus temperature should be determined from the manufacturer’ s data
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sheet. Once determined, the non-linearity uncertainty and the output signal stability uncertainties should be combined
with the output uncertainty using the RSS method.

N.3  External Amplifiers Uncertainty Terms

Any components in the setup can potentially introduce measurement uncertainty. It is then needed to determine the
uncertainty contributors associated with the use of such components. For the case of external amplifiers, the following
uncertainties should be considered but the applicability is contingent to the measurement implementation and
calibration procedure.

N.3.1 Stability

An uncertainty contribution comes from the output level stability of the amplifier. Even if the amplifier is part of the
system for both measurement and calibration, the uncertainty due to the stability shall be considered. This uncertainty
can be either measured or determined by the manufacturers’ data sheet for the operating conditions in which the system
will be required to operate.

N.3.2 Linearity

An uncertainty contribution comes from the linearity of the amplifier since in most cases calibration and measurements
are performed at two different input/output power levels. This uncertainty can be either measured or determined by the
manufacturers’ data sheet.

N.3.3 Noise Figure

When the signal goesinto an amplifier, noise is added so that the SNR at the output is reduced with regard to the SNR

of the signal at the input. This added noise introduces error on the signal which affects the Error Rate of the receiver
thus the EVM (Error Vector Magnitude). An uncertainty can be calculated through the following formula:

—SNR
gEVM == 20 - lOg(l + 10 20 )

where SNR is the signal to noiseratio in dB at the signal level used during the sensitivity measurement.

N.3.4 Mismatch

If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated
with it can be considered systematic and constant -> 0dB. If it is not the case, the mismatch uncertainty at itsinput and
output shall be either measured or determined by the method described in [3].

N.3.5 Gain

If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated
with it can be considered systematic and constant -> 0dB. If it is not the case, this uncertainty shall be considered.
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Annex O (normative): Environmental conditions

0.1 General

This normative annex specifies the environmental requirements of the UE. Within these limits the requirements of the
present documents shall be fulfilled.

0.2 Environmental requirements

The requirements in this clause apply to all types of UE(s) and M(s).

0.2.1 Temperature

All the OTA requirements are applicable in room temperature e.g. 25°C.

0.2.2 Voltage

The UE or MS shall be equipped with areal battery that isfully charged (in the beginning of the Test).
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Annex P (normative): Base Station (BS) configuration for
Radiated Performance of Multiple-antenna Receivers

P.1  eNodeB emulator settings

The eNodeB emulator parameters shall be set according to Table P.1-1 for FDD and Table P.1-2 for TDD.
The settings for DL stream 1 and stream 2 are the same.

Table P.1-1: Settings for FDD eNodeB emulator

eNodeB settings (Note 1) | Unit | Value
Physical channel
Connection mode of UE Connection established
DL MIMO mode 2 x 2 open loop spatial multiplexing
Duplex mode FDD
%pl_erc"’r‘]t;ﬁle’f‘”d Band 7 (21100, 3100)
DL channel) Band 20 (24300, 6300)
Schedule type Reference Measurement Channel (RMC)
Reference Channel R.35 (Note 2)
Bandwidth DL MHz 10
Number of RBs DL 50
Start RB DL 0
Modulation DL 64QAM
Maximum Theoretical Throughput Mbps 35.424
TBS Idx DL 18 (RMC defined, Note 2)
Bandwidth UL MHz 10
Number of RBs UL 50
Start RB UL 0
Modulation UL QPSK
TBS Idx UL 6 (RMC defined)
Transmit power control dBm -10/10 MHz, open loop (Note 3)
PDSCH power offset relative to RS EPRE dB g: - g
Number of HARQ transmissions 1 (no HARQ re-transmissions)
AWGN OFF
DL power level Set at eNodeB simulator
(RSpEPRE) dBm /15 kHz with correction from calibration
2000 minimum for static channel
Number of subframes for FOM measurement 20000 minimum for faded channel
(Note 4)
NOTE 1: This set of parameters is aligned with R&S CMW500, Anritsu MTC8820C, AT4 S3110B,
and Agilent E6621A (to be confirmed).
NOTE 2: This RMC is defined in 3GPP TS 36.521-1 [12], Table A.3.3.2.1-1. R.35 subframes 1-4 and 6-9
utilize DL TBS 18, while R.35 subframe 0 utilizes TBS 17
(See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP TS 36.521-1 [12]).
NOTE 3: No uplink power control.
NOTE 4: These values might need to be increased for frequency and mobile speed reasons.
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Table P.1-2: Settings for TDD eNodeB emulator

eNodeB settings

| Unit

Value

Physical channel

Connection mode of UE

Connection established

DL MIMO mode

2 x 2 open loop spatial multiplexing

Duplex mode

TDD

Operating band
(UL / DL channel)

Band 38 (38000)
Band 39 (38450)
Band 40 (39150)
Band 41 (40620)

(RS EPRE)

Schedule type Reference Measurement Channel (RMC)
Reference Channel Table P.1-3
Up/Downlink Frame Configuration 1

Special Frame configuration 7

Bandwidth DL MHz 20

Number of RBs DL 100

Start RB DL 0

Modulation DL 64QAM

TBS Idx DL 16 (RMC defined, NOTE 1)
Bandwidth UL MHz 20

Number of RBs UL 100

Start RB UL 0

Modulation UL QPSK

TBS ldx UL 6

Transmit power control dBm -10/20 MHz, open loop (NOTE 2)
PDSCH power offset relative to RS EPRE dB E: - g

Number of HARQ transmissions 1 (no HARQ re-transmissions)
AWGN OFF

DL power level dBm / 15 kHz Set at eNodeB simulator

with correction from calibration

Number of subframes for FOM measurement

2000 minimum for static channel
20000 minimum for faded channel
(NOTE 3)

NOTE 2: No uplink power control.

NOTE 1: This RMC is defined in Table P.1-3. Subframes 0, 1, 4, 6 and 9 utilize DL TBS 16, subframe 5 is unused for
DL data transmission and other subframes are for UL.

NOTE 3: These values might need to be increased for frequency and mobile speed reasons.
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Table P.1-3: Fixed Reference Channel two antenna ports for 20MHz TD-LTE

Parameter Unit Value
Channel bandwidth MHz 20
Allocated resource blocks 100
(Note 3)
Uplink-Downlink 1
Configuration (Note 1)
Allocated subframes per 4+2
Radio Frame (D+S)
Modulation 64QAM
Target Coding Rate 0.4
Information Bit Payload
(Note 3)
For Sub-Frames 4,9 Bits 32856
For Sub-Frames 1,6 24496
For Sub-Frame 5 Bits N/A
For Sub-Frame 0 Bits 32856

Number of Code Blocks
(Notes 2 and 3)

For Sub-Frames 4,9 5
For Sub-Frames 1,6 4
For Sub-Frame 5 N/A
For Sub-Frame 0 5
Binary Channel Bits (Note 3)
For Sub-Frames 4,9 Bits 82800
For Sub-Frames 1,6 67968
For Sub-Frame 5 Bits N/A
For Sub-Frame 0 Bits 80712
Max. Throughput averaged Mbps 14.756
over 1 frame (Note 3)
UE Category 21

NOTE 1: As per Table 4.2-2in TS 36.211 [33].

NOTE 2: If more than one Code Block is present, an additional CRC sequence
of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

NOTE 3: Given per component carrier per codeword
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