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Foreword

This Technical Report has been produced by the 3rd 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.
In the present document, modal verbs have the following meanings:
shall indicates a mandatory requirement to do something
shall not indicates an interdiction (prohibition) to do something

The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in
Technical Reports.

The constructions "must” and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided
insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced,
non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a
referenced document.

should indicates a recommendation to do something
should not indicates a recommendation not to do something
may indicates permission to do something

need not indicates permission not to do something

The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions
"might not" or "shall not" are used instead, depending upon the meaning intended.

can indicates that something is possible
cannot indicates that something isimpossible
The constructions "can" and "cannot” are not substitutes for "may" and "need not".

will indicates that something is certain or expected to happen as aresult of action taken by an agency
the behaviour of which is outside the scope of the present document

will not indicates that something is certain or expected not to happen as aresult of action taken by an
agency the behaviour of which is outside the scope of the present document

might indicates a likelihood that something will happen as aresult of action taken by some agency the
behaviour of which is outside the scope of the present document
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might not indicates a likelihood that something will not happen as a result of action taken by some agency
the behaviour of which is outside the scope of the present document
In addition:
is (or any other verb in the indicative mood) indicates a statement of fact
isnot (or any other negative verb in the indicative mood) indicates a statement of fact

The constructions"is" and "is not" do not indicate requirements.
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1 Scope

The present document is the Technical Report for the Work Item on Over The Air (OTA) Base Station (BS) testing.

This Technical Report covers background information of OTA testing methods, measurement uncertainty and test
tolerance values derivation for the radiated conformance testing requirements. This Technical Report covers radiated
conformance testing requirements for the following BS types:

- Hybrid AASBSas specified in AAS BS radiated testing specification TS 37.145-2 [4] for the following radio
technologies:

Hybrid AASBSin single RAT UTRA operation, TDD

Hybrid AASBSin single RAT UTRA operation, FDD

Hybrid AASBSin single RAT E-UTRA operation

Hybrid AAS BSin MSR operation implementing any of the above RATS, including NR operation.

- OTA AASBSas specified in AAS BSradiated testing specification TS 37.145-2 [4] for the following radio
technologies:

- OTA AASBSinsingle RAT UTRA operation, FDD
- OTA AASBSinsingle RAT E-UTRA operation
- OTA AASBSin MSR operation implementing any of the above RATS, and/or NR.

- BStype 1-H in single RAT NR operation in FR1, as specified in NR BS radiated testing specification TS 38.141-
21[6],

- BStype 1-Oinsingle RAT NR operation in FR1, as specified in NR BS radiated testing specification TS 38.141-
21[6],

- BStype 2-Oinsingle RAT NR operation in FR2, as specified in NR BS radiated testing specification TS 38.141-
2[6].

Generic term "BS" is used to refer to any of these BS types, unless otherwise stated.

This 3GPP external Technical Report consolidates the OTA measurement related information originating from multiple
AASBSand NR BSinternal technical reports. Thisinformation is needed to supplement the BS radiated testing
specifications as a single, 3GPP external technical report, such that the information can be referred to from external
specifications and bodies.

The NR BS specification refers to two frequency ranges, FR1 and FR2. The AAS BS specification is only applicable for
operating bands within FR1. Thus, sectionsin this report referring to FR2 should be considered as applicable to NR
only.
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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 refers to 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 25.141: "Base Station (BS) conformance testing (FDD)".

[3] 3GPP TS 36.141: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
conformance testing".

[4] 3GPP TS 37.145-2: "Active Antenna System (AAS) Base Station (BS) conformance testing;
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[5] 3GPP TS 38.141-1: "NR; Base Station (BS) conformance testing; Part 1. Conducted conformance
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testing”.
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[8] JCGM 100:2008: "Evaluation of measurement data— Guide to the expression of uncertainty in
measurement”.

[9] Hald, J.; Hansen, J. E.; Jensen, F. & Holm Larsen, F. Hansen, J. (Ed): "Spherical Near-Field

Antenna Measurements’, Peter Peregrinus Ltd., 1998, vol 26.

[10] J. Fridén, A. Razavi, and A. Stjernman: "Angular sampling, Test Signal, and Near-Field Aspects
for Over-the-Air Total Radiated Power Assessment in Anechoic Chambers', |EEE Access, 2018,
https://ieeexplore.ieee.org/stamp/stamp.j sp?arnumber=8470084.

[11] IEC 61000-4-21: "Electromagnetic compatibility (EMC) - Part 4-21: Testing and measurement
techniques - Reverberation chamber test methods’, Edition 2.0 2011-01, The International
Electrotechnical Commision (IEC), 2011.

[12] Hill, D.A.: "Boundary fieldsin reverberation chambers', IEEE Transactions on Electromagnetic
Compatibility, vol. 47, no. 2, pp. 281-290, May 2005.

[13] Krauthduser, H. G.; Winzerling, T.; J., N.; Eulig, N. & Enders, A: "Statistical interpretation of
autocorrelation coefficients for fieldsin mode-stirred chambers®, 2005 International Symposium
on Electromagnetic Compatibility, 2005. EMC 2005, 2005, 2, 550-555.

[14] 3GPP TS 37.105: "Active Antenna System (AAS) Base Station (BS) transmission and reception”.
[15] ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain™.
[16] 3GPP TS 37.113: "E-UTRA, UTRA and GSM/EDGE; Muulti-Standard Radio (M SR) Base Station

(BS) Electromagnetic Compatibility (EMC)".

[17] 3GPP TS 37.114: "Active Antenna System (AAS) Base Station (BS) Electromagnetic
Compatibility (EMC)".

[18] 3GPP TS 38.113: "Base Station (BS) Electromagnetic Compatibility (EMC)".
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[19] I|EC 61000-4-3: "Electromagnetic compatibility (EMC) - Part 4-3: Testing and measurement
techniques - Radiated, radio-frequency, electromagnetic field immunity test".

[20] Victor Rabinovich, Nikolai Alexandrov, Basim Alkhateeb: " Automotive Antenna Design and
Applications’; 2010.

[21] 3GPP TS 37.145-1: "Base Station (BS) conformance testing Part 1: Conducted conformance
testing".

[22] Jonas Fridén: " Sparse sampling analysis', Matlab code, 2020,

https://se.mathworks.com/mat| abcentral /fil eexchange/67143-sparse-sampling-analysis-
tool ?s tid=srchtitle.

[23] Void.
[24] 3GPP TR 25.914: "Measurements of radio performances for UMTS terminals in speech mode'.
[25] ERC Recommendation 74-01: "Unwanted emissions in the spurious domain".

3 Definitions of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms given in 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].

NOTE 1: Multi-word definitions are treated as linguistic expressions and printed in italic font throughout this
requirement specification. Linguistic expressions may not be split and are printed in their entirety.

active antenna system base station: base station system which combines an antenna array with a transceiver unit
array and aradio distribution network

array element: subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating
elements, with afixed radiation pattern

antenna array: group of radiating elements characterized by the geometry and the properties of the array elements

antenna gain: ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if
the power accepted by the antenna were radiated isotropically

NOTE 2: If the direction is not specified, the direction of maximum radiation intensity isimplied.
array factor: radiation pattern of an array antenna when each array element is considered to radiate isotropically

NOTE 3: When the radiation pattern of individual array elements are identical, and the array elements are
congruent under trandation, then the product of the array factor and the array element radiation pattern
givesthe radiation pattern of the entire array.

angle of arrival: isthe direction of propagation of electromagnetic wave incident on an BS antenna array
beam: main lobe of aradiation pattern fromaBS

NOTE 4: For certain BS antenna array, there may be more than one beam.
beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
beam peak direction: direction where the maximum EIRP is supposed to be found

beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two
pattern cuts that respectively contain the major and minor axis of the ellipse
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BStype 1-O: NR base station operating at FR1 with a requirement set consisting only of OTA requirements defined at
the RIB

BStype 2-O: NR base station operating at FR2 with arequirement set consisting only of OTA requirements defined at
theRIB

co-location reference antenna: reference antenna used for co-location requirements

co-location test antenna: practical passive antennathat is used for conformance testing of the co-location regquirements
and is based on the definition of the co-location reference antenna

cylindrical diameter: diameter of the smallest cylinder that encloses the radiation source along z-axis (in reference
angular step criteria)

directivity: ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over
all directions

NOTE 5: If the direction is not specified, the direction of maximum radiation intensity isimplied.

equivalent isotropic radiated power: equivalent power radiated from an isotropic directivity device producing the
same field intensity at a point of observation as the field intensity radiated in the direction of the same point of
observation by the discussed device

NOTE 6: Isotropic directivity isequal in al directions (i.e. 0 dBi).

equivalent isotropic sensitivity: sensitivity for an isotropic directivity device equivalent to the sensitivity of the
discussed device exposed to an incoming wave from a defined AoA

NOTE 7: The sensitivity is the minimum received power level at which a RAT specific requirement is met.
NOTE 8: Isotropic directivity isequal in al directions (i.e. 0 dBi).
frequency range 1: frequency range capturing AAS BS or NR BS operation in range from 410 MHz up to 7125 MHz
frequency range 2: frequency range capturing NR BS operation in range from 24250 MHz up to 52600 MHz

hybrid AASBS: AAS BS which has both a conducted RF interface and a radiated RF interface in the far field and
conformsto a hybrid requirements set

hybrid requirements set: Complete set of requirements applied to a hybrid AAS BSwith both conducted and radiated
requirements

M SR operation: operation of AAS BS declared to be MSR in particular operating band(s)

OTA coverage range: acommon range of directions within which TX OTA requirements that are neither specified in
the OTA peak directions sets nor as TRP requirement are intended to be met

OTA peak directions set: set(s) of beam peak directions within which certain TX OTA requirements are intended to be
met, where all OTA peak directions set(s) are subsets of the OTA coverage range

NOTE 9: The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre
directions by the beam direction pairsincluded in the set.

OTA REFSENS RoAO0A: isthe ROAOA determined by the contour defined by the points at which the achieved EISis
3dB higher than the achieved EIS in the reference direction.

NOTE 10: This contour will be related to the average element/sub-array radiation pattern 3dB beam width
OTA requirements set: complete set of OTA requirements applied to an OTA BS

OTA sensitivity directions declaration: set of manufacturer declarations comprising at least one set of declared
minimum EIS values (with related RAT and channel bandwidth), and related directions over which the EIS applies

NOTE 11: All the directions apply to al the EIS valuesin an OSDD.

polarization match: condition that exists when a plane wave, incident upon an antenna from a given direction, has a
polarization that is the same as the receiving polarization of the antennain that direction
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radiated interface boundary: operating band specific radiated requirements reference where the radiated requirements
apply

NOTE 12:For requirements based on EIRP/EIS, the radiated interface boundary is associated to the far-field region
radiating element: basic building block of an array element characterized by its radiation properties
radiation pattern: angular distribution of the radiated electromagnetic field or power level in the far field region

radio distribution network: linear passive network which distributes the RF power generated by the transceiver unit
array to the antenna array, and/or distributes the radio signals collected by the antenna array to the transceiver unit

array

NOTE 13:1n the case when the active transceiver units are physically integrated with the array elements of the
antenna array, the radio distribution network is a one-to-one mapping.

receiver target: AoA in which receptionis performed by OTA BS.
NOTE 14:Inthis TR, OTA BSisconsidered to be either OTA AASBS, or NR BS (BStype 1-O, or BStype 2-0).

receiver target redirection range: union of all the sensitivity ROA0A achievable through redirecting the receiver target
related to particular OSDD

receiver target reference direction: direction inside the OTA sensitivity directions declaration declared by the
manufacturer for conformance testing. For an OSDD without receiver target redirection range, thisisadirection inside
the sensitivity ROACA

sensitivity ROAOA: ROAOA within the OTA sensitivity directions declaration, within which the declared EIS(s) of an
OSDD isintended to be achieved at any instance of time for a specific AAS BS direction setting

single RAT E-UTRA operation: operation of AAS BS declared to be single RAT E-UTRA in the operating band
NOTE 15: Sngle RAT E-UTRA operation does not cover in-band NB-10T, nor guardband NB-IoT operation.
single RAT UTRA operation: operation of AAS BS declared to be single RAT UTRA in the operating band
spherical diameter: diameter of the smallest sphere enclosing the radiation source (in reference angular step criteria)
total radiated power: isthe total power radiated by the antenna.
NOTE 16: The total radiated power isthe power radiating in all direction for two orthogonal polarizations.
NOTE 17:Total radiated power is defined in both the near-field region and the far-field region.
transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna

transceiver unit: active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and
which may include passive RF filters

transceiver unit array: array of transceiver units which generate radio signals in the transmit direction and accept
radio signalsin the receive direction

transmitter ON period: time period during which the transmitter is transmitting data and/or reference symbols

TRP requirement: OTA BS requirements, which requires dual-polarized measurements of the figure of merit over the
whole sphere around the BS

TRP summation error: the relative difference between theoretical TRP and numerically estimated TRP

3.2 Symbols

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

[0 Azimuth angle (defined between -180° and 180°)
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0

BeWs
BeWy

Ci

D

D
DBSoutputpower
Deyi

Dss

Dy

D,

EIRPy
EIRP:

El Srersens
I'sgH

GReF ANT

n
L

Lca, A—B
LFa_s
Ltx_ca, A—D
M,

M Uperpoint
PO

PoL_Rrs
Pmeas
Pr EIRP, D

Prated,c EIRP

Prated,c. TRP

Rsph

TRPy
TRPe
TRPesimate
T RPReference
Uc

Ue

0]

ATRP

A

Elevation angle of the signal direction (defined between -90° and 90°, 0° represents the direction
perpendicular to the antenna array)

Beamwidth in the 8-axis in degrees

Beamwidth in the ¢p-axisin degrees

Sensitivity coefficient

Diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing all sources
Largest dimension of the antenna of BS (measurement system description)

Directivity of BS for the OTA BS output power requirement

Diameter of the smallest z-directed circular cylinder that encloses all sources.

Directivity of BS

Length of radiating part of the BS along y-axis,

Length of radiated part of the BS along the z-axis

EIRP value for the desired signal (unwanted emissions requirement)

EIRP value for the emissions (unwanted emissions requirement)

OTA reference sensitivity

Reflection coefficient (or mismatch) seen at the SGH connector (Si1 with a network analyzer)
Gain of the reference antenna

Radiation efficiency

distance along the z-axis (reference angular step criteria)

Calibration value between point A and B (measurement system setup)

Pathl oss between point A and B, or cable loss between point A and B (measurement system setup)
EIRP value for the E-UTRA DL RS requirement

Mis-match efficiency (reverberation chamber calibration)

MU val ue for the per-point measurement for the TRP requirements

Reference transfer function (reverberation chamber calibration)

Measured signal power of DL RS EIRP (E-UTRA DL RS requirement)

Measured mean power

Measured mean power for each carrier at the measurement equipment connector at the reference
point D of the OTA measurement system

Rated EIRP when all the transmitter units are operating at their rated output power for asingle
carrier

Rated total radiated power when all the transmitter units are operating at their rated output power
for asingle carrier

Radius of the smallest sphere enclosing the BS

TRP values of the desired signal (ACLR calculation)

TRP values of the emissions (ACLR calculation)

Numerically approximated TRP

Theoretical TRP

Combined uncertainty

Expanded uncertainty

Standard uncertainty

TRP correction factor

Wavelength

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].

1D CATR
AA

AAS
ACLR
ACS
AOA

BFN

BS

BW
CACLR

One Dimensional Compact Range
Antenna Array

Active Antenna System

Adjacent Channel Leakage Ratio
Adjacent Channel Selectivity
Angle of Arrival

Beam Forming Network

Base Station

Bandwidth

Cumulative ACLR
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CATR Compact Antenna Test Range
D Largest dimension of the antenna of BS
EIRP Equivalent | sotropic Radiated Power
EIS Equivalent I sotropic Sensitivity
EMC Electromagnetic compatibility
EVM Error Vector Magnitude
FF Far Field
FR Frequency Range
HPBW Half Power Beamwidth
IAC Indoor Anechoic Chamber
LA Local Area
LAA Licensed Assisted Access
LNA Low Noise Amplifier
MR Medium Range
MU Measurement Uncertainty
NF Near Field
NFTR Near Field Test Range
NR New Radio
OBUE Operating Band Unwanted Emissions
OsDD OTA Sensitivity Direction Declaration
OTA Over-the-Air
PD Power Density
PTF Power Transfer Function
PWS Plane Wave Synthesizer
Qz Quiet Zone
RC Reverberation Chamber
RDN Radio Distribution Network
REF TX ant Reference transmitter antenna (for Reverberation Chamber)
RIB Radiated Interface Boundary
ROAOA Range of Angles of Arrival
RSS Root of the Sum of the Squares
SA Signal Analyser
SE Summation Error
SEM Spectrum Emission Mask
SF Sparsity Factor
SG Signal Generator
SGH Standard Gain Horn
TAE Time Alignment Error
TRP Total Radiated Power
TT Test Tolerance
uiD Uncertainty I|dentifier
ULA Uniform Linear Array
VNA Vector Network Analyser
WA Wide Area

4 Coordinate system

OTA requirements are stated in terms of electromagnetic and spatial parameters. The el ectromagnetic parameters are
specified either in terms of power (dBm) or field strength (dBuV/m). The spatial parameters are specified in a Cartesian
coordinate system (X, y, z) with an addition of spherical coordinates (r, ®, ¢) for manufacturer declared parameters.

The orientation of these coordinatesis depicted in the following figures 4-1, 4-2 and 4-3. Infigure 4-2, ¢ istheanglein
the x/y plane and it is between the x-axis and the projection of the vector onto the x/y plane and is defined between -
180° and +180°, inclusive. In figure 4-3, the angle O is the angle between the projection of the vector in the x/y plane
and the vector and is defined between -90° and +90°, inclusive.

A point in the spherical coordinates (r, ©, ¢) can be transformed to Cartesian coordinate system (X, y, z) using the
following relationships:
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X =T C0S O Cos ¢
y=rcos®sn ¢
zZ=-rsin®

The inverse transformation from Cartesian coordinate system (X, v, 2) to spherical coordinates (r, ©, ¢) isgiven by:
r=x*+y?+2°

® =—arcsin

z
X+ yi+27°

arctan%,x >0andy =0
¢
arctan% + 180, x <0andy >0

arctan%,x >0andy <0

arctan% — 180, x <0andy <0

The representation of angles are described in figure 4-1, figure 4-2 and figure 4-3.

v
<

Figure 4-1: Coordinate system representation in Cartesian coordinate system
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0=+180° \ 0

T
0=—180°

Figure 4-2: Representation of the ¢ angle (positive and negative values)

v
x

©=-90°

©=+90°

Figure 4-3: Representation of ® angle (positive and negative values)

For the conformance requirements purposesin TS 37.145-2 [4] and TS 38.141-2 [6] the manufacturer declares this
coordinate system reference point as alocation in reference to an identifiable physical feature of the BS enclosure. The
manufacturer also declares the orientation of this coordinate system in reference to an identifiable physical feature of
the BS enclosure.

Another conventions for spatial angles are also used and can be found in definitionsin IEEE Standard Test Procedures
for Antennas [7] as shown in figure 4-4, figure 4-5 and figure 4-6. Such a convention is used in the TRP expression, e.g.
asin clause 6.3. In figure 4-5, the angle ¢ is defined for positive values only, that is, from O ° to 360 °, inclusive. In
figure 4-6, the angle 6 corresponds to © in figure 4-3, but it isimportant to note that 6 is formed by the positive z-axis
and the vector and is defined between 0° and +180 °, inclusive.
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v
<

Figure 4-4: Another coordinate system representation in Cartesian coordinate system

¢=180° N 0

\C
$=270°

Figure 4-5: Another representation of the ¢ angle (positive values only)

v
x

Figure 4-6: Another representation of @ angle (positive values only)
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5 Conformance testing aspects

5.1 Conformance testing framework

Traditionally when calculating the MU for the conducted tests it was sufficient to analyse a single test method, while for
OTA tests the chamber isan integral part of the test environment and it isimportant to derive MU based on multiple
chamber types and test methodologies. As such a framework has been developed to estimate MU's for different test
methods and compare them equally.

The following 11 points have been agreed as aframework for developing OTA test:
1) Multiple test methods may exist for each requirement.
2) Each test method will require its own test procedure.
3) A single conformance requirement applies for each core requirement, regardless of test procedure.

4) Common maximum accepted test system uncertainty applies for all test methods addressing the same test
reguirement. Test methods producing significantly worse uncertainty than others at comparable cost should not
impact the common maximum accepted test system uncertai nty assessment.

5) Common test tolerances apply for al test methods addressing the same test requirement.
6) A common way of establishing the uncertainty result from all test methods' individual budgetsis established.
7) A common method of making an uncertainty budget (not a common uncertainty budget) is established.

8) Establish budget format examples for each addressed test method in the form of lists of uncertainty
contributions. Contributions that may be negligible with some BS and substantial with others should bein this
list. For each combination of measurement method and test parameter, develop alist with measurement
uncertainties.

9) Describe potential OTA test methods relevant for testing radiated requirements (e.g. directional, TRP, or co-
location requirements). The description requires information about the applicable test range architectures and test
procedures. Addressing each item in each uncertainty budget with respect to the expected distribution of the
errors, the mechanism creating the error and how it interacts with properties of the BS.

10) Providing example uncertainty budgets will be useful in order to demonstrate the way a budget should be defined
and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will
clearly be only examples and not applicablein general.

11) Each test instance may require an individual uncertainty budget applicable for the combination of the test
facility, the BS and the test procedure and property tested. Here, the tester demonstrates that the uncertainty
requirement is fulfilled during the conformance testing.

Thelinking of core requirements via OTA test methods to conformance requirementsis depicted in figure 5.1-2.
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Uncertainty Uncertainty Uncertainty Uncertainty
assessment assessment assessment assessment

Uncertainty ][ Uncertainty ][ Uncertainty ][ Uncertainty

assessment assessment assessment assessment

Test Tolerance (frequency dependant) Test Tolerance (frequency dependant)

[ Standard measurement uncertainty o (frequency dependant) ] [ Standard measurement uncertainty o (frequency dependant) ]
[ ] [ Test requirement #2 (frequency dependant) ]

Test requirement #1 (frequency dependant)

Figure 5.1-2: Examples of OTA core requirement to test requirement mapping

For TRP requirements the OTA conformance testing framework also considers additional aspects of the TRP
measurements as detailed in clause 6.3. Depending on the TRP measurement procedure those additional aspects are, e.g.
TRP sampling grids, additional MU contributors, TRP summation error, or ATRP correction factor, if applicable.

5.2 Uncertainty budget calculation principles

Uncertainty contributions listed in clauses 9 — 15 with descriptions in annex A to C need to be calculated to provide an
overall total measurement uncertainty for each OTA test method for the accompanying conformance requirement.

The uncertainty tables are presented with two stages:

- Stage 1. the calibration of the absolute level of the BS measurement results is performed by means of using a
calibration antenna (for example a standard gain horn) whose absolute gain is known at the frequencies of
measurement,

- Stage 2: the actual measurement with the BS as either the transmitter or receiver (depending on the considered
requirement) is performed.

The final uncertainty budget should comprise of a minimum 5 headings:
1) The uncertainty source,
2) Uncertainty value,
3) Disdtribution of the probahility,
4) Divisor based on distribution shape,

5) Sensitivity coefficient ¢i and its calculated standard uncertainty u; (based on uncertainty value, divisor and
sensitivity coefficient c;).

NOTE: All measurement uncertainty contributions are assumed independent. M easurement uncertainty
contributor's valuesin tables are given in log scale.

The calculation of the uncertainty contribution is based on the SO Guide on Evaluation of measurement datain [8] to
the expression of uncertainty in measurement. Each individual uncertainty is expressed by its standard deviation
(termed as 'standard uncertainty’) and represented by symbol ui.
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The procedure for forming the uncertainty budget can be as follows:

1)

2)

3)
4)
5)

6)

7)

Compile lists of individual uncertainty contributions for the requirement specific measurement, both in Stage 1
(i.e. Calibration measurement) and Stage 2 (i.e. BS measurement).

Determine the standard uncertainty of each contribution u; by:

a) Determining the distribution of the uncertainty (i.e. Gaussian, U-shaped, rectangular, or exponentially
normal).

b) Determining the maximum value of each uncertainty (unless the distributionsis Gaussian).

¢) Calculating the standard uncertainty by dividing the uncertainty by V2 if the distribution is U-shaped, by 2
if the distribution exponentialy normal and by V3 if the distribution is rectangular.

d) Multiplying the standard uncertainty by the sensitivity coefficient ci.

Convert the unitsinto decibel, if necessary.

Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.

Combine the uncertainties in Stage 1 and Stage 2 into the combined uncertainty u. aso by the RSS method:

uu=Uc,DUT measurement2+Uc,calibrate measurement?2

Multiply the result of the combined uncertainty u. by an expansion factor of 1.96 to derive expanded uncertainty
Ue at 95 % confidence level:

Ue = 1.96 uUc

For TRP requirements where multiple directional measurements have been taken add the TRP summation error
(SE) to the combined uncertainty u. using RSS method.

Total Uncertainyrgp = /U2 + SE?

The above procedure cals for forming alist of uncertainty contributorsin step 1, followed by an assessment of each in
the following steps. This process traditionally resultsin 2 tables, e.g. as captured in the legacy technical reportsin. The
1% table consisting of an uncertainty budget with alist of contributors, their associated UID and reference to afull
description. The 2" table carrying out the uncertainty assessment of uncertainty contributions listed in the 1 table.

In this report there are many tables so to keep the document manageable the full documentation method is used just for
asingle requirement type (i.e. EIRP accuracy, Normal test conditionsin clause 9.2) in order to demonstrate the process
for all considered chamber types. For the al the remaining requirements the same processis followed and the datain
the 2 tablesis merged into asingle one (e.g. asin table 9.3.2.3-1) in order to save space in the report. In the merged
table the UID column contains the annex where the uncertainty contributor description is given.
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6 Measurement types

6.1 Spatial definitions

Spatial definitions for classification of the OTA requirements were introduced below. OTA transmitter requirements
can be split into either:

1. Directiona requirements. The BS manufacturer declares beam(s) and coverage ranges over which the beam can
be steered. Directional regquirement type does not imply the requirement is defined only in one direction as many
directional requirements have a number of compliance directions. It implies that the directional requirement
appliesto asingle direction at atime.

2. TRP requirements. TRP is arequirement, which is defined as the total power radiated by the BSin al radiation
space.

3. Co-location requirements: Co-location requirements are based on assumption that the BS is co-located with
another BS of the same base station class. Co-location requirements ensure that both co-located systems can
operate with minimal degradation to each other.

NOTE: Co-location requirements are only applicablein FR1, i.e. for OTA AASBS, or for BStype 1-O.

6.2 Directional measurements

6.2.1 General

The test requirements of the BS directional requirements may be placed on one or more manufacturer declared beam(s)
that are intended for cell-wide coverage.

Some exampl e directional requirements are defined with respect to an isotropic antennain terms of EIRP and EIS. EIS
isrelated to the power density of a plane wave incident on the BS when the power level in the receiver is at the
sensitivity level.

6.2.2 Beam parameter definitions

A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array of the BS. A beam is created by
means of a superposition of the signals radiated from different parts of the antenna array.

Each beam direction pair is associated with half-power contour of the beam centre direction and a beam peak direction.
The EIRP is declared at the beam peak direction. The beam centre direction is used for describing beam steering.
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EIRPpeak EIRPpeak

~ . ~

/ direction / \ direction

Beam centredirection Beam Beam
And peak centre
Beam peak direction direction direction

Figure 6.2.2-1: Example of beam direction pair

In figure 6.2.2-1 left sub-figure shows a symmetrical beam where beam centre direction and beam peak direction are
the same. In figure 6.2.2-1 right sub-figure shows an example of a beam with ripple where the beam centre direction
and the beam peak direction are different.

The number of declared BS beamsis for the manufacturer to declare. Some examples of declarations of beams are
illustrated in adirections diagramin figure 6.2.2-2.

+
> [
+ 4 + + -
+ +
A\ v
-
} >
+ 00000 + +
v
L
L, od N
v v

Figure 6.2.2-2: Examples of BS beam declarations depicted in a directions diagram

In figure 6.2.2-2 the shaded areas/points represent the declared EIRP directions set, which may be continuous (top right,
bottom right) or not continuous (bottom left), or be restricted to just the points of maximum steering (top left). The red
coloured points represent the compliance test points at which EIRP is declared. The maximum EIRP and its accuracy
are defined for the declared beams when activated individually on all corresponding RE and the requirements are placed
per individual beam.

The maximum radiated transmit power of the BS beam is the mean power level measured at the declared beam peak
direction at the RF channels B (bottom), M (middie) and T (top) when configured for maximum EIRP value for a
specific BS beam of the supported frequency channels declared by the manufacturer.
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Another form of directional measurement is the OTA sensitivity directions declaration(s) (OSDD) used for the receiver
directional requirements. OSDD is declared for OTA sensitivity requirement and described in more detailsin
clause 6.2.3.

6.2.3 OSDD

If an OSDD does not include areceiver target redirection range, conformance testing is performed for the following
five directions, as depicted in the examplein figure 6.2.3-1:

- Thereceiver target reference direction.

- Thedirection determined by the maximum ¢ value achievable inside the sensitivity ROAOA maintaining the
receiver target reference direction © value.

- Thedirection determined by the minimum ¢ value achievable inside the sensitivity ROAOA maintaining the
receiver target reference direction © vaue.

- Thedirection determined by the maximum © value achievable inside the sensitivity ROA0A maintaining the
receiver target reference direction ¢ value.

- Thedirection determined by the minimum © value achievable inside the sensitivity ROAOA maintaining the
receiver target reference direction ¢ value.

The manufacturer declares the five directions for conformance testing.

C]
-10°
20 T o (b

....... v——

§ . g
"""""""""""""" *
v
10°

Figure 6.2.3-1: OSDD without target redirection capability

Infigure 6.2.3-1 a direction diagram shows a ROAO0A without receiver target redirection capability. The receiver target
reference direction and the extreme directions subject to conformance testing are marked by red crosses.

If an OSDD includes areceiver target redirection range, conformance testing is performed for the following five
directions, as depicted in the examplein figure 6.2.3-2:

- Thereceiver target reference direction.

- Thedirection determined by the maximum ¢ value achievable inside the receiver target redirection range
maintaining the receiver target reference direction © value.

- Thedirection determined by the minimum ¢ value achievable inside the receiver target redirection range
mai ntaining the receiver target reference direction © value.

- Thedirection determined by the maximum © value achievable inside the receiver target redirection range
maintaining the receiver target reference direction ¢ value.
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- Thedirection determined by the minimum © value achievable inside the receiver target redirection range
maintaining the receiver target reference direction ¢ value.

The manufacturer declares the five directions for conformance testing, the setting of the BS to achieve conformance at
each of the conformance test directions, and the resulting sensitivity ROAOA for each of these settings.

instances of five sgnsrpwty RoAoA doclar¢d for receivertarget reference direction for declared OSDD#n
conformance testing in case of AAS BS with declared eg.(5°,-5° )

receiver target redirection range

-10°

instances of multiple possible receiver targets

»

20° i)

4\ one of four maximum steering directions

receiver target redirection range for OSDD#n,
declared wrt. the receiver target reference direction

sensitivity ROAOA #n

sensitivity ROAOA #n+1

orientation of the coordinate system as
subject to the AAS BS declaration

Figure 6.2.3-2: OSDD with target redirection capability

Infigure 6.2.3-2, adirection diagram is showing areceiver target redirection range (with discrete settings for the
sensitivity ROAOA). The receiver target reference direction and the extreme directions subject to conformance testing
are marked by red crosses. The sensitivity ROAOA for each conformance test setting is shown as shaded. Note that each
sensitivity ROAOA is exceptionally small compared to the receiver target redirection range, for demonstration purposes.

6.3 TRP measurement

6.3.1 General

The TRP or the radiated power isthe total power radiated by a BS. Due to energy conservation, TRP isindependent of
the choice of test distance.

TRPreference 1S defined as the integral of the BS'sfar field radiation pattern over a spherical surface

T 2m
TRPreference = f f U(B,¢) sinf dod¢
0=0J¢p=0

where U(0, ¢) isthe radiation intensity at each angle in watts per Steradian.

In the far field, the radiation intensity can be also be expressed in terms of power flux density

TRPReference = # Re(E X ﬁ*).ﬁds
Pp

Where:
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Re (E x H ) = the time average of the Poynting vector (average power density) or the power flux of the

electromagnetic field, where E and H are effective values of the time-harmonic electric- and magnetic-
field intengities, respectively. Furthermore, Re denotes real part, H* denotes the complex conjugate of H
and x isvector cross product.

P, = Re (F? X ﬁ*).ﬁ = average power density in watts per square metre, which isa scalar.
fi = unit vector normal to the closed surface S.
dS = infinitessmal area of the closed surface.

For practical reasons, a sphere of radius r is a common choice for the closed surface, but aso other surfaces can be
considered e.g. cylinder and planar surface. The spherical coordinate system defined in clause 4is assumed.

In the far field limit (i.e. 7 — ), the E(r, 6, ¢) and H(r, 6, ¢) fields consist of the tangential components (E, (r, 6, ¢)
and H,(r, 8, ¢)), respectively) and the radial components (E, and H,) are negligible, and, therefore, |H,| = |i—t|

istheintrinsic impedance of vacuum. Thus, the TRP eguation becomes

wheren

TRPreserence = Jpey f;fo Re(E, x H;).Ar?sin0do d¢ = [ f;fo |E.| |H;
PD(Tv0!¢)

r?sin@ do d¢

= 2
where P, (1, 0, ¢) = FXC08L

Theradiation intensity in the far field region in watts per Steradian is

U(gl ¢) = rZPD (r! 9! ¢)
The power density can be expressed in terms of EIRP as

EIRP(6,¢)
4mr?

PD(T' 6' ¢) =

and when r islarge, radiation intensity is proportional to 1/r? hence in the far field region Pq~ 1/r2 and Py multiplied
with r2 becomes roughly constant value. Thus the radiation intensity equation can be defined as

EIRP(0,¢)
41

U, ¢) =

Thus, the definite integral for TRPgeference Can be also expressed as

1 T 2m
TRPReference = Ef f EIRP(6,¢) sin6 dfd¢
6=0Jp=0

EIRP is defined only in the far- field. However, in some occasions the power measurements can be performed at
distances less than 204/ (i.e. the traditional approximate far-field distance boundary). In such casesit is may be
possible to measure power density in the radiative near- field considering only the magnitude of the tangential part of E
field (i.e. |E.(r, 8, ¢)|) with an acceptable level of accuracy as demonstrated in [10], whereit is presented that the TRP
iswell approximated by the integral of |E,|? /5 over the same sphere.assuming far field conditions. Thus TRPreference
can be expressed as

T 2m
TRPreference = f f 2Py (7,6, ¢) sind dfdg
0=07¢=0

2
As mentioned, for near-field measurements use the approximation where P, (r, 9, ¢) = m andn = /? ~
0

377 Q (intrinsic impedance of vacuum).

The minimum distance between the measurement antenna and the smallest sphere enclosing the BS must be at least 2
and the test distance must be at least the far-field distance of the measurement antenna when considering the TRP
measurements under far field conditions. More details about the necessary conditions for accurate power density-based
measurements close to BS are included in annex F.
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When measuring radiated power, at each measurement point, two partial results for two orthogonal polarizations needs
to be summed. These can be the 6 and ¢ polarizations or any pair of orthogona polarizations.

The distribution of sampling points on the spherical surface depends on the type of sampling grids applied, the
frequency and the size of the radiating source. In the following clauses, several spherical sampling grids which can be
applied to EIRP or power density measurements are described.

6.3.2 TRP measurement procedures

6.3.2.1 General

Different procedures can be used to evaluate the TRP estimate. These procedures can provide either an accurate
assessment or a controlled overestimate of the TRP. The choice of methods is based also on the available test setup,
measurement equipment, and the measurement time. This clause describes the methods which are suitable for each type
of requirements. Other relevant methods are not precluded. For each method, the test purpose (accurate or overestimate)
ispointed out. A summary of TRP measurement procedures and their applicability to different OTA BSrequirementsis
shownintable 6.3.2.1-1.

In the following clauses the measurement procedures for different parameters are described under the assumption of
equal angle sampling. Similar procedures can be also used with other types of spherical grids, given that the proper
reference steps Ab,..r and A¢,.., are determined.

NOTE: OTA FR2 transmit ON/OFF power is excluded from the table although the core requirement is specified

as TRP because conformance is verified through EIRP measurements.

Table 6.3.2.1-1: Applicability of TRP measurement methods and chambers to the type of emissions to
be measured

frequency range of the chamber, and specifically its upper frequency limit.

BS Unwanted Unwanted Spurious
output emissions: emissions: emissions
power ACLR SEM, OBUE (Note 7)
(Note 1)
Full sphere using reference steps X X X X (Note 2)
(accurate)
Methods Full sphere using sparse sampling X (Note 2, 3)
applicable to | (overestimate)
anechoic Two cuts + Pattern multiplication X X X
chambers (accurate) (Note 4)
Twol/three cuts (overestimate) X X X (Note 2, 3)
Beam-based directions X X (Note 5) X (Note 5)
Peak method X X (Note 2)
Equal sector with peak average X X (Note 2)
Pre-scan (Note 2) X X X
Reverberation chamber X X X X (Note 2)
Note 1:  Two TRP measurements are needed.
Note 2:  Pre-scan is needed to identify the frequencies of interest. Pre-scan can also be applied to ACLR, OBUE
and SEM.
Note 3: At harmonic frequencies the use of this method is not applicable.
Note 4.  Pattern multiplication is conditional.
Note 5:  Applicable if the directivity of corresponding requirement at the reference direction is equivalent to the
directivity at the reference direction when BS emits Prated,c TRp @nd Prated,c.EIRP.
Note 6:  If box is blank the method is not excluded but the methodology has not been described in clause 6.3.3 on
angular alignment in TRP measurements; if a suitable analysis is shown the method may be applied.
Note 7:  Applicability of any chamber for the spurious emissions measurements is subject to the supported

The TRP summation error is based on a reasonable number of test directions, for the reference steps please see figure
6.3.4.2-1. These steps depend on antenna size and frequency and correspond to the minimum beam width. It has been
agreed that a reasonable trade-off between accuracy and sampling is achieved when the SE is 0.75 dB for FR1 and
1.2 dB for FR2. For FR2, the beams are expected to be narrower than an FR1 and hence the SE is higher. For the SE
derivation, refer to clause 6.3.6.
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6.3.2.2 Procedures for BS output power

6.3.2.2.1 General
Test purpose: Accurate TRP assessment.

The radiation source is assumed to be limited to the antennas on the BS and it's not necessary to take the dimensions of
the whole BS into account for calculations of the far-field distance and the reference angular resolution. The test choices
are asfollows.

6.3.2.2.2 Two cuts with pattern multiplication

Use this method when the antenna symmetries are compatible with pattern multiplication, see clause 6.3.4.5 (orthogonal
cuts grids). Following steps are performed during the measurement:

1. Caculate the reference angular steps as described in clause 6.3.4.2 (reference angular step criteria).

2. Alignthe BSto alow for proper pattern multiplication. Measure EIRP on two orthogonal cuts with steps smaller
or equal to the reference steps according to step 1.

3. Apply pattern multiplication to extrapolate the two cuts data to full-sphere.

4. Apply numerical integration to obtain the TRPesimate.

6.3.2.2.3 Full sphere
Following steps are performed during the measurement:

1. Calculate the reference angular steps as described in clause 6.3.4.2 (reference angular step criteria). Other
methods for determining the required angular steps are not precluded.

2. Choose the angular steps smaller than or equal to the reference angular steps.

3. Measure EIRP values on a spherical grid according to clause 6.3.4.1 (spherical equal angle grids). Having the
poles of the measurement grid along the direction of the main beam shall be avoided.

NOTE: Spherical grids of clause 6.3.4.3 (spherical equal areagrids), clause 6.3.4.4 (spherical Fibonacci grids)
and clause 6.3.4.6 (wave vector space sampling grids) can also be used with proper angular steps.

4. Apply suitable numerical integration to calculate the TRPegimate-

6.3.2.2.4 Beam-based directions

This method is only applicable if directivity of BS antennais known for the operating frequency. The peak EIRP of a
beam is measured at the beam peak direction within the beam direction pair. Following the same approach, the peak
EIRP of abeam can be obtained, which is used to derive TRPesimae USing directivity of BS antenna as follows:

EIRP
_ peak
TRPEStimate -

Dps

, Where Dgs isthe directivity of BS.

For the case of OTA BS output power, the directivity (Desoutpupower) Shall be defined as:

D Prated,c,EIRP
BSOutputpower —

Prated,c,TRP

6.3.2.3 Procedures for SEM and OBUE

6.3.2.3.1 General

Test purpose: Accurate or controlled overestimate of TRP.
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Theradiation sourceis limited to the antennas on the BS and it's not necessary to take the dimension of the whole BS
into account for calculations of the far-field distance and the reference angular steps. The test choices are as follows.

6.3.2.3.2 Two cuts with pattern multiplication

Use the same procedure asin clause 6.3.2.2.2 (i.e. two cuts with pattern multiplication for BS output power).

6.3.2.3.3 Two or three cuts

Use this method when the cuts described in clause 6.3.4.5 (orthogonal cuts grids) can be identified, but the pattern
multiplication is not applicable according to the requirementsin clause 6.3.4.5. This method will provide an
overestimated value for TRP. Following steps are performed during the measurement.

1. Caculate the reference angular steps asin clause 6.3.4.2 (reference angular step criteria).

2. Measure EIRP on two orthogonal cuts with angular steps smaller than or equal to the reference steps according
to step 3. Align the BS such that the cardinal cuts are measured. See figure 6.3.4.5-1.

3. Calculate the average EIRP in each cut and then the TRPesimaie according to clause 6.3.4.5 (orthogonal cuts
grids).

4. If the TRP estimate is above the requirement limit, perform the measurement on athird cut (See figure 6.3.4.5-1)
and repeat step 3.

6.3.2.3.4 Full sphere

Use the same procedure asin clause 6.3.2.2.3 for full sphere with appropriate reference steps.

6.3.2.3.5 Beam-based directions

This method only applicableif directivity of BS antennais available for the downlink operating band plus Afosue On
either side of the band edge. Refer to clause 6.3.2.2.4 for more details.

The pre-scan (refer to clause 6.3.2.5.2), peak (refer to clause 6.3.2.5.3) and equal sector with peak average methods
(refer to clause 6.3.2.5.4) are possible options.

6.3.2.4 Procedures for ACLR

6.3.2.4.1 General
Test purpose: Accurate or controlled underestimate of ACLR.

The methods described in this clause are used for assessment of the TRP values for ACLR. Depending on the method,
the result can be accurate or a controlled underestimate of the ACLR. The latter appliesif the TRP of the radiationin
the adjacent band is overestimated. The radiation source is limited to the antennas on the BS and it's not necessary to
take the dimension of the whole BS into account for calculations of the far-field distance and the reference angular

steps.
6.3.2.4.2 TRP fraction method
Following steps are performed during the measurement.
1. For the TRP of the desired signal TRPy use a suitable method from clause 6.3.2.2.

2. For the TRP of the emission TRPe use a method from clause 6.3.2.3.

3. Evaluatethe ACLR = ~2rd,
TRP,
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6.3.2.5 Procedures for transmitter spurious emissions and EMC emissions

6.3.2.5.1 General
Test purpose of the procedures addressed in this clause is to measure accurate or controlled overestimate of TRP.

The methods described in this clause are used for assessment of the TRP for spurious emissions. The methods are given
in a sequence with increasing accuracy, but also increasing measurement time. There is no mandatory order, in which to
use these methods nor all of the methods should be used for evaluating TRP. Some of these methods can be skipped if
they are deemed not necessary, for instance, the pre-scan and peak methods.

The radiation sourceis not limited to the antennas on the BS instead the entire physical dimensions of the BS must be
taken into account for calculations of the reference angular steps, see clause 6.3.4.2 (reference angular step criteria).
Note that full-sphere sampling using reference angular stepsis the only method that aims to provide an accurate TRP.

When available, using a beam sweeping test signal with these methods can reduce the test time and improve the
uncertainty.

NOTE: Asname of this clause captures both transmitter spurious emissions and EMC emissions, it shall be
clarified that in case of radiated measurements of OTA AAS BS, BStype 1-O or BStype 2-O, the RF
radiated spurious emissions includes the EM C radiated emissions, as RF radiated spurious emissions and
EMC radiated emissions cannot be distinguished in the OTA measurement setup.

6.3.2.5.2 Pre-scan

Pre-scan is a fast measurement method, which is performed over the entire spurious frequency range to identify
spurious frequencies with emission power levels above athreshold. Note, it is not necessary to do pre-scan before
executing the test methods in this clause, but it is recommended. It is also not meant to provide an estimate of TRP.
Hence, other relevant test methods should be used for TRP estimation.

1. Thedistance can be shorter than the intended measurement distance between BS and the test antennafor
evaluating TRP but should remain fixed throughout the scanning process.

2. Scan the surface around the BS.
3. Rotate the measurement antennato cover al polarizations of emissionsto detect the maximum emission.

4. Record thelist of spurious emission frequencies and corresponding power levels, spatial positions of BS and test
antenna pol arization where the maximum power levels occurred.

5. For spurious frequencies with emission power levels more than 20 dB below the specified limit in then these
spurious frequencies are considered compliant and no further measurements are required.

6. For all the other spurious frequencies that do not meet the criterion in step 5, further measurements are required.

6.3.2.5.3 Peak method

This method is applicable when the pre-scan method indicates the presence of emission peaks. The peak method can be
skipped if there exist no emission peaks. Further, the method does not provide a TRP estimate instead the highest
absolute EIRP is measured at each spurious frequency identified in the pre-scan. If the absolute EIRP meets the
specified TRP limit, then it implies that the TRP estimate would meet the limit too. Asaresult, it is not needed to
perform further measurement using the other methods.

1. Find the direction of the peak emission EIRP or peak power density.
2. Start with the spurious frequency that has the maximum power level recorded during pre-scan.

3. The BS and test antenna are oriented to the same position where the maximum power level is recorded during
the pre-scan.

NOTE: Thisset-up might not be applicableif pre-scan is performed in near-field.

4. BSand test antenna are moved around the position to identify and measure the peak EIRP.

ETSI



3GPP TR 37.941 version 16.5.0 Release 16 40 ETSI TR 137 941 V16.5.0 (2023-07)
5. If the peak EIRP for a spurious frequency is less than the specified limit then no further measurements are
required else use the methods below to eval uate TRP estimates.

6. Repeat steps 4 to 6 for the next strongest emission.

6.3.2.5.4 Equal sector with peak average method

The equal sector with peak average method can be considered as an extension to the peak method. It is performed on
the list of spurious frequencies which have not met the limit using the peak method. The method takes into account
several peak EIRPs of beams belonging to different sectors of the sphere. TRPesimae IS cal culated as the average of the
peak EIRP in different sectors.

1. The measurement distanceisin the far field.

2. The sphereisdivided into K equal sectors. The total number of sectors depend on the dimensions of BS. If the
largest dimensionis less than 60 cm, then each sector is a half quadrant of 45 °. Other techniques for determining
the sector size are not precluded such as using the angular step.

3. For those spurious frequencies which need further measurements by the peak method, start with the spurious
frequency that has the highest recorded power level.

4. Perform steps 4 and 5 asin the peak method (see clause 6.3.2.5.3).

5. Moveto the next sector with next higher emissions recorded and repeat step 4 until all sectors are covered.
6. Calculate TRP estimate 8s TRy, yymare = = I8 -, EIRP;, Where EIRF; = EIRF, py + EIPR; g isinlinear units,

7. Repeat steps 4 and 5 for at least 7 spurious frequencies with the next higher emission in descending order.

8. If TRP estimate for each of the 8 spurious frequenciesis less than the specified limit then no further
measurements are reguired el se use the other methods to evaluate TRP estimates.

6.3.2.5.5 Two or three cuts with dense sampling
Following sequence can be used:

1. Follow steps described in clause 6.3.2.3.3 and calculate the TRPesimae. NOte that no alignment is needed for
Spurious emissions.

2. Add the appropriate correction factor ATRP according to table 6.3.2.5.5-1 to ensure overestimation with 95%
confidence.

3. Compare the (TRPesgimae + ATRP) to the limit.

4. If the (TRPesimae + ATRP) is above the limit, perform the measurement on an additional third cut (see figure
6.3.4.5-1) and repeat steps 1 to 3.

Table 6.3.2.5.5-1: The correction factor for two or three cuts dense sampling

Three cuts | Two cuts
Correction factor ATRP (dB) 2.0 2.5

6.3.2.5.6 Full sphere with sparse sampling

Sparse angular sampling with a correction factor can be used to save measurement time. The only differenceisin the
used angular steps. Following sequence can be used:

1. Settheangular grid:

a. Non-harmonic frequencies. choose the angular steps A¢ and A@ smaller than or equal to 15 °. Calculate the
sparsity factor (SF) as.

Ap  AB
SF = max( , )
Aref Abref
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and the correction factor as:

SF-1
SFmax—1

dB,

b. where SF ., correspondsto 15 ° angular step. If the sparsity factor is smaller than 1, the correction factor
ATRP is 0 dB. Harmonic frequencies with fixed beam test signal: choose the angular steps smaller than or
equal to the reference angular steps A¢,..r and A6,... Correction factor ATRP is 0 dB.

¢. Harmonic frequencies with beam sweeping test signal: set the angular stepsto 15 °. Correction factor is
ATRPOdB.

2. Measure EIRP (or power density multiplied by grid surface 4rd?) on a spherical grid according to clause 10.8.2.
Having the poles of the measurement grid along the direction of the main beam shall be avoided.

NOTE: Other spherical grids can also be used with proper angular sampling.
3. Apply asuitable numerical integration to calculate the TRPeimate-

4. Add the appropriate correction factor ATRP according to step 1 to ensure an overestimation with 95%
confidence.

5. Compare the (TRPesimae + ATRP) with the limit. If the (TRPesimae + ATRP) is above the limit, choose a smaller
angular step and repeat steps 2 - 4. If the sparsity factor isless than one, no significant improvement of accuracy
is expected.

6.3.2.5.7 Full sphere

Use the same procedure asin clause 6.3.2.2.3 for full sphere with appropriate reference steps.

6.3.3  Angular alignment in TRP measurements

For the TRP test methods relying on finding EIRP peak measurements, guidance on how to find the peak with
acceptable accuracy is required.

The following test methods relies on finding peak EIRP:
1. Beam-based direction (clause 6.3.2.2.4)
2. Orthogonal cut grid (clause 6.3.4.5)
3. Peak method (clause 6.3.2.5.3)
4. Equal sector with peak average method (clause 6.3.2.5.4)

For the above procedures, measuring maximum EIRP accurately is critical to the accuracy of TRP estimates. If the
maximum value is not accurately sampled, this will result in measurement errors. In the worst case, the measurement
error islarger than the MU, which is not acceptable. The measurement error is caused by angular misalignment which is
the difference (in degrees) between the actual and the measured angular positions of the intended maximum EIRP.
Figure 6.3.3-1 shows an example of angular misalignment, where the measured EIRP is at an angle equal to -2° while
the actual angular position of the maximum EIRP is at 0° in the radiation pattern. This results in an absolute
measurement error = |[maximum EIRP — measured EIRP| = 1 dB.
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Figure 6.3.3-1: Angular misalignment

If the actual angular position of maximum EIRP is known (e.g., declared by manufacturers), measurement errors due to
angular misalignment can be alleviated. However, if the actual angular position of maximum EIRP is not known, then
the angular interval used in searching for the maximum EIRP employing the peak search method can contribute to the
measurement errors due to angular misalignment. The search is performed in the proximity of the expected angular
position of maximum EIRP (e.g., a broadside radiation pattern). To determine the magnitude of the measurement error
caused by angular misalignment, the angular step size can be expressed in terms of half-power beam width (HPBW) of
test beams. If the angular step size is set to HPBW, the absol ute measurement error can be aslarge as 3 dB. Table 6.3.3-
1 summarizes the maximum absolute measurement error versus different angular step sizes. The absolute measurement
errors were derived assuming alinear approximation between the maximum EIRP and the 2 HPBW points asillustrated
in figure 6.3.3-2. The linear approximation gives us the worst-case scenario as can be observed in figure 6.3.3-2.

Normalized Power (dB)

T T T T T T T T T

<~—HPBW/2 —

7N\

[ 2 4 6
Angle (degrees)

Figure 6.3.3-2: Linear approximation of measurement errors
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Table 6.3.3-1: Sampling beam peak error due to misalignment error

Angular misalignment | Beam peak misalignment error (dB)
HPBW 3
HPBW/2 1.5
HPBW/3 1
HPBW/4 0.75

Based on the measurement error in table 6.3.3-1, the measurement error should be within the TRP summation error to
ensure the angular misalignment is not greater than HPBW /, (for f < 3 GHz and 3 GHz < f < 6 GHz), and HPBW /.,
(for 24.25 < f <29.5 GHz and 37 < f <43.5 GHz). Note, thereis a trade-off between search time and angular

misalignment (that is, the difference in actual and measured angular positions of intended peak EIRP). Larger
misalignment for FR2 is reasonable since FR2 beams are in general narrower than FR1.

For the orthogonal cut procedurein clauses 6.3.2.2.2 and 6.3.2.3.2 (i.e. two cuts with pattern multiplication), angular
step size smaller than the reference angular step may be desired as outlined in step 2. In order to sample half power
EIRP in addition to the maximum EIRP, the angular step size may be set to HPBW/Z, where HPBW is the half-power
beam width of the frequency under measurement.

6.3.4  TRP measurement grids

6.34.1 Spherical equal angle grid

With the spherical equal angle grid, the grid spacing is uniformin 6 and ¢ directions. The range of 6 anglesfromOton
isdivided into N equally spaced subintervals and the range of ¢ anglesfrom 0to 2r isdivided into M equally spaced
subintervals. The width of each subinterval in the 8- and ¢-angleis given as:

T 2
AG = N and A(l) = o
The total number of angular sampling pointsisequal to (N + 1) x M.

Let n and m be theindices used to denote the n'" 8 and m" ¢ angles, respectively. In practice, discrete samples of EIRP
are measured at each sample point (6,,, ¢,,) by measuring its two orthogonally polarized components, EIRP,,1 (6, 1)
and EIRPy; (6,, ¢ ). The EIRP sample are then used to approximate the definite integral for TRPreference as the discrete
average sum of EIRP measured at different 6 and ¢ angles.

TRPggtimate = 3y 2m=1 Lm=0 EIRP (6, ) sin 6.

The above equation can be simplified considering sin 8, = sin 8y = 0. Thus the total number of angular sampling points
isequal to (N —1)M.

NOTE: TRPesimae = TRPreference @ N and M approach oo,

There is atrade-off between the accuracy of the TRPesimae and the total number of sampling points. A large number of
sampling points leads to long measurement time. Thus, it isimportant to achieve short measurement time and fulfilling
the minimum TRP summation error. Clause 6.3.4.2 (i.e. reference angular step criteria) outlines the criteriafor
determining the minimum number of sampling points to characterize. Other means for set the number of sampling
points are not precluded.

One observation is that the equal angle grid points are not uniformly distributed on the sphere surface, and many are
clustered towards the poles, as shown in figure 6.3.4.1-1.
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Figure 6.3.4.1-1: Spherical equal angle sampling grid

6.3.4.2 Reference angular step criteria

For each frequency, the reference angular steps Ag,..; and Ab,.., in degrees, are calculated asin [9]:

Agy = m|n(ﬂi 15)

cyl

A8, —mn(@i 15),

where D and D¢y are defined further down in this clause. Thisimplies a maximum angular step of 15 °. The upper limit
for these reference angular steps of 15 ° ensures alow TRP summation error when 4 is large compared to the BS
dimensions.

The reference steps can be derived as follows. Consider two short vertical current elements separated a distance L along
the z-axis. The EIRP pattern of this sourceis

EIRP(8, ¢) = sin? 6 cos? (k cos @ g)

Here, the element factor is sin? 8 and cos?(k cos 8 L/2) isthearray factor contribution. To calculate the TRP value
correctly, an angular sampling of A@,..; = A/L isrequired, see figure 6.3.4.2-1. But asingle ¢ is enough since the
pattern is ¢p-independent (omni-directional).

Any current flowing on aline between the points (x, y, z) = (0,0, +L/2) will correspond to source separations less than
or equal to L. Hence its EIRP pattern will correspond to the same angular resolution, i.e., the average value will be
correctly predicted using the same angular step.
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Figure 6.3.4.2-1: The average EIRP when using different angular steps 46 and the EIRP pattern of two

short vertical current elements separated a distance L=4, 8, 12, 16, and 32 wavelengths, respectively.
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. . A 1 .
The dashed lines depict the reference angular step 1T 181216 n radians for the used source
separations

To proceed to more general sources two observations are useful:

1) A rotation of a source will not change the required 6 resolution, but the ¢ resolution must be set equal to the 8
resolution.

2) If the source distribution is stretched along the z-direction, the ¢-resolution will not change.
Based on these two observations and the angular resolution of the line source of length L, the following can be deduced.

1) If theline sourceistilted 90 ° down to the xy-plane, and then arbitrarily rotated around the z-axis, a flat disc of
diameter L is generated. Based on observation 1, the angular resolution iSAf,..s = Ags = A/L.

2) If the discis stretched adistance h along the z-axis (current elements are translated parallel to the z-axis), then

the A¢,s = A/L is unchanged, whereas the vertical angular resolution increasesto A8, = A/VL? + h? to
encompass the largest possible source separation within the cylinder.

The final shape of the source enclosure is hence a cylinder of diameter L and height h, and the angular steps required to
get an accurate EIRP average (TRP value) are

A A

A A
Ae = == A = - = —
ref [Z+nz D' ¢ref L Dy

Here, DD isthe diameter of the source enclosure, i.e., the diameter of the smallest sphere enclosing al radiation
sources, and Dy is the diameter of the smallest z-directed circular cylinder that encloses al sources.

Other methods for determining the reference angular steps are not precluded.

NOTE: When sampling with the reference angular step, fine details of the radiation pattern are maybe not
captured but the estimated TRP value is still accurate.

The spherical and cylindrical diameters are calculated as:
D=vVaZ+with?
Doy = VZ + w?
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The radiation source can be the antenna array or even the whole BS, depending on the emissions to consider. Thisis
further explained in clause 6.3.2.

Some basic definitions and relations are given here for readability.

»

Figure 6.3.4.2-2: The dimensions of a radiation source are depth (d), width (w) and height (h)

Optionaly, for the specific case of aUniform Linear Array (ULA) system, the array spatial pattern could be defined as
in the following equation.

G, (9) =

sin(mp/2)
msin(4/2)

Where spatial frequency B is defined as following:

pB=(2rdsirie)) 2

Similar to Nyquist sampling in the time domain signal, the Rayleigh resolution for spatial domain signal to avoid the
aliasing can be derived as:

sin(mB/2)=0 YmB/2=m-2mdsin(9)/2A=rx

(A 18¢¢ (A
A@=arcsin — |=——arcsin —
md V4 md
where d is the separation distance between antenna elements and mis the number of antenna elements. If BS is mounted

along the y-z plane as shown in figure 6.3.4.2-3, based on the above considerations on the Rayleigh resolution for
spatial domain signal, then subinterval in the ¢ and 6 in degrees angleis calculated as:

. 180° . o
AOrpr = mln(TarcsmE, 15°)

. (180° LA .
Aprer = min (TarcsmE ,15 )
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Where Dyislength of radiating part of the BS along y-axis, D; is length of radiated part of the BS along the z-axis and 4
is wavelength for the measured frequency. Arcsineisin radians.

A

Figure 6.3.4.2-3: Spherical coordinate for OTA conformance testing of BS
In the NR coexistence study, it was assumed that antenna configuration for wide area BSis 8x16 supporting two
orthogonal polarizations. If BS mounted along y/z plane with antenna configuration 16x8 where 16 columns are
assumed along the y-axis and 8 rows are assumed along the z-axis. Antenna elements are uniformly distributed with

separation distance A/2, therefore aperture size Dy~ 81 and D,~ 4/. The uniform sampling in the spherical coordinate
for this approach is demonstrated in the figure 6.3.4.2-4.
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Figure 6.3.4.2-4: Uniform sampling in the spherical coordinate, red crosses denotes the sampling
points

For a wanted signal, the reference angular steps are approximately equal to the beamwidth (in degrees) of the main
beam.
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FNBW,
A¢I’d EBGV\QET

FNBW,
Aﬁrd EBGAIHET

where BeWy, and BeWs are the beamwidth of the wanted signal in the ¢-axis and 6-axis, respectively; FNBWg and
FNBW:s are the first null beamwidth of the wanted signal in the ¢-axis and 6-axis, respectively.

Using beamwidth of the wanted signal, the reference angular steps for each frequency within the downlink operating
band including Afosue can be expressed as follows:

A A ENBW;,
AP, o :%Bew(b = y >

A A FNBW,
MOy =7 BeW, = - ——

where ), is the wavelength of the wanted signal, and BeW, and BeWs are the beamwidth in the ¢p-axis and 6-axis,
respectively.

For the OTA BS radiated transmit power requirement, beamwidths at five different directionsis declared by
manufacturers. The declared beamwidth may be used to set BeWy and BEWs in the above equations provided the same
beam is applied to test in-band TRP requirements. If the The numerical singularity at of atest beamis not declared, then
the beamwidth can be obtained through measurements following the same procedure as the BS radiated transmit power
requirement prior to TRP measurements.

In addition, the beamwidth of the wanted signal can be used to determine the physical dimensions of aradiation source
asfollows:

_ A
el Bew,

and for the ULA case:

6.3.4.3 Spherical equal area grids

With the spherical equal area sampling grid, the spherical surfaceis partitioned into N equal arearegions. Let n be the
index for the nth region and there is one point (8, ¢,,) located in the centre of each region. The definite integral for
TRPreference CaN be approximated as:

1
TRPgstimate = EZrILl EIRP(6y, ¢n)
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The total number angular sasmpling pointsis N. Unlike the spherical equal angle grid, the TRPesimae €quation is not
weighted by sin 6. As shown in figure 6.3.4.3-1, the equal area grid points are distributed uniformly on the sphere but
the pattern of 8 and ¢ anglesisirregular.

One possible way to estimate N is asfollows:

N> 4
AHref A¢ref

where A6, and A, are defined in clause 6.3.4.2. Other methods are possible and not precluded.

05

-0.5

0.5 1

035 -0.5

Figure 6.3.4.3-1: Spherical equal area sampling grid

6.3.4.4 Spherical Fibonacci grids

The Fibonacci grid points are arranged along a generative spiral on the spherical surface. Similar to the equal area
sampling grid, the Fibonacci grid generates points that are uniformly spaced in an isotropic way. Assume there are |
points in the Fibonacci sampling grid, then the definite integral for TRPreference Can be approximated as:

1 —
TRPgstimate = 72{:3 EIRP(gi' ¢1)
wherei=0..1 -1
2i+1

6; = cos™! (1 — T) and

where ¥ = %g

The total number of angular sampling pointsis |, which can be estimated in a similar manner asin clause 6.3.4.3. Like
the spherical equal area grid, the TRPesimae €quation is not weighted by sin 6.
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Figure 6.3.4.4-1: Spherical Fibonacci sampling grid

6.3.4.5 Orthogonal cuts grids

Compared to the TX spurious emissions the OBUE emissions and ACLR are likely to experience the similar
beamforming pattern as for the wanted signal. Due to thisreason, it is easily predictable where the maximum of the
emissions is going to be, hence the possibility to enhance the measurement method to achieve better accuracy. Here we
choose to apply the pattern multiplication method [10].

In this method, at |least two cuts (default) shall be used, an optional third cut can be added if needed. The alignment of
the cuts must be along the symmetry planes of the antenna array. Note that theta reference steps apply to the vertical
cuts and phi reference steps to the horizontal cuts.

The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
The second mandatory is a vertical cut passing through the peak direction of the main beam.
Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.
The third optional cut isavertical cut orthogonal to the first and the second cut.

Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the
TRPisthen calculated as follows: First the contributions from each cut is calculated as:

1 .
EIRPgy cyt—n = ;Z;):l EIRP(j)
where P is the number of sampling points. The final contribution for all cutsis calculated as:
1
TRPgstimate = ;Z%’ﬂ EIRPav,cut—n

where N isthe number of cuts. Note that when orthogonal cuts are measured, the intersection points are measured
multiple times and the repeated values can be removed from the samples before averaging.

ETSI



3GPP TR 37.941 version 16.5.0 Release 16 51 ETSI TR 137 941 V16.5.0 (2023-07)

Figure 6.3.4.5-1: Example of orthogonal cuts geometry when the main lobe points along the x-axis.
Two mandatory cuts grid (left) and the optional added third cut (right). The first two cuts are
generated by rotating the BS around its z-axis and y-axis, respectively, and the optional third cut is
generated by rotating the BS around its x-axis

Two cuts cut data gives a conservative TRP estimate (an overestimation of the real TRP). Through pattern
multiplication aless conservative estimate is obtained, based on the calculation of the antenna array factor as a product
of two terms, corresponding to the two cuts.

The following conditions for being able to apply pattern multiplication method are mandatory:
i. Thevertical cut (and the main beam) isin the xz-plane
ii. Thefrequency of the emission is within the downlink operating band.
iii. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iv. The emission appears/disappears when the TX power isturned on/off.
v. Theantenna arrays of the BS
1. Have rectangular grids of antenna element positions
2. Have symmetry planesthat are vertical and horizontal.
3. Have parallel antenna planes

The antenna array is here assumed to be placed in the yz-plane. The pattern multiplication is performed in uv-
coordinates and the data in the two cuts are denoted EIRP.u(¢d) at 8 = 6 and avertical cut with data EIRPq(0) at
¢ = 0. Thedatais split in two parts corresponding to the forward and backward hemisphere. The uv-coordinates are
the projections of the angular directions onto the antenna plane, here the yz-plane. Using the spherical coordinates as
depicted in figure 6.3.4.2-2 the u and v coordinates are defined as:

{u = sin @ sin ¢

v = cosf
Note that only the data on the coordinate axes are measured, and hence only the data EIRPcut1 (u) EIPRa(u) for vy, =
cos By (the horizontal cut) and EIRP.ui(V) for u = 0 (the vertical cut) are known. Moreover, only the pointsin the
circular discu® + v? < 1, ak.a thevisible region, contribute to the TRP.

The pattern multiplication is used to calculate power density values outside the two cardinal cuts as:

EIRP cyt1 (WEIRP cyt2 (V)
EIRP(0,vp)

EIRP(u, v) =

In Figure 6.3.4.5-2, the case where v,; = 0 isillustrated.
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Figure 6.3.4.5-2: Example of pattern multiplication

The pattern multiplication is applied separately for the forward (fwd) and backward (bwd) hemisphere. The TRP isthen
calculated as

dudv dudv

TRP = f Jewa EIRPrwa (w,v) \/7+ o wa ETRPowa (u, v) I

NOTE: Thenumerical singularity at u? + v? = 1 must be treated with care, e.g. by changing the coordinate
systemto polar asin [10].

6.3.4.6 Wave vector space sampling grid

Similar as Rayleigh sampling approach, BSis placed on the yz plane in the spherical coordinate and normal vector of
BSis pointing along the x-axis as shown in figure 6.3.4.2-2. The angle ¢ and 6 represent azimuth and elevation
respectively, u and v represent the projection of normalized wave vector on y-axis and z-axis.

According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be
represented as following:

u = sin(0) sin(¢) , v = cos(0)
TRP is defined in the spherical coordinate as following:

TRP= i” EIRP(6,p)singdodg
s

As TRP isdefined in the wave vector coordinate, therefore TRP definition should be revised accordingly in the
corresponding coordinate. For the TRP definition in normalized wave vector space, according to the 2D Jacobian
transformation, the above equation could be adjusted as following, namely:

6(u v)

dudv = 36.9)

dfd¢ = sin? O|cos ¢p|dfd¢

Based on the above two equations, then we could get

_ EIRP(0,¢)
TRP = — fffwd dudv + ffbwd sin @|cos ¢| dudv

EIRP(0,¢)
sin @ |cos ¢|
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where relationship between (0,¢) and (u,v )is demonstrated in the equation before. Similar as discrete sampling process,
the above equation is approximated in the far-field region as the sum of the total EIRP at a number of discrete directions
asfollows:

AUgridAVeri EIRP(6,, EIRP(6;,
TRP — grid2Vegrid <2u2+v2<1 ( n¢m,n) + Zu2+v2<1 ( n¢m,n) )

i cos¢p>0 sin 9n|COS¢m‘n| cos$<0 sin 9n|COS ¢m,n|
The above considerations could be applied for both polarization.

Uniform sampling in the wave vector coordinate as shown in figure 6.3.4.6-1:

- Rayleighresolutioniny-axis: Augq = Di
Yy

. . . . A
- Rayleighresolution in z-axis: Avgq = >

Where Dy is length of radiating parts of BS along y-axis, D, islength of radiating parts of BS along the z-axis.

Based on the uniform sampling grid on the yz plane, we could get the sampling point (u,, , v,,). In addition, according
to the transformation between (u,,, v,) and (o, 0), then azimuth and elevation (omn, 6r) in the spherical coordinate could
be derived correspondingly as shown in figure 6.3.4.6-2. Based on the (¢mn, 6n) in the spherical coordinate, EIRP on the
spherical coordinate could be measured.
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Figure 6.3.4.6-1: Sampling grid in the wave vector space
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Figure 6.3.4.6-2: Sampling grid in the spherical coordinate

6.3.5  Aspects related to measurement of OTA unwanted emission

6.3.5.1 Test range

Test of OTA unwanted emission required an OTA test environment, capable of measuring TRP emission under the
condition that the test object is radiating the wanted signal at full power. To handle high RF power from the test object
required careful planning of the setup (e.g. test personal and test equipment cannot be placed inside the test chamber
during the test). To avoid measurement chamber influence and external interferer on the test result, use of a shielded
anechoic chamber is preferable. A positioner is used to move the test object according to selected measurement grid for
aproper TRP measurement. The emission is measured at the output RF port of the measurement antenna placed at a
suitable test distance. In figure 6.3.5.1-1, a principle test environment suitable for OTA unwanted emission is depicted.
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Figure 6.3.5.1-1: Principle test environment

The test environment may differ between OTA unwanted emission requirements; OTA ACLR, OTA OBUE and OTA
spurious emission. For OTA spurious emission, atest environment similar to the one used for EMC radiated emission
or a Shielded Indoor Anechoic Chamber (IAC) can be used. For OTA unwanted emission requirements defined within
the in-band region other test environments could be considered e.g. CATR or IAC.

A band stop filter is needed to protect the measurement receiver from the wanted signal, achieving dynamic range for
the emission to be measured with acceptable measurement uncertainty.

6.3.5.2 Measurement distance

The measurement distance is the distance between the test object and the measurement antenna (or probe antenna). The
measurement distance is usually determined by the signal-to-noise ratio (SNR) required for the measurement receiver to
detect the emission level with acceptable measurement uncertainty. Unlike, EIRP, total radiated power (TRP) is not
exclusively afar-field parameter. TRP is defined as the total radiated power radiated by an object, regardiessto the
distance. Since emission power levels tendsto be low, it is essential to conserve the path-loss in the test setup, by
minimizing the measurement distance. Another aspect is the for the lower limit (i.e. 30 MHz) the far-field criteria would
result in unpractical measurement distances for OTA testing. Further guidance on near-field testing can be found in
annex F.

6.3.5.3 Sampling grid selection

A dense full-sphere grid, i.e. using reference steps, will result in avery large number of measurement points to extract
TRP per frequency, while a sparse grid requires a few measurements. The selection of grid and corresponding sampling
resol ution determines the measurement uncertainty error contribution related to sampling the radiating power over the
sphere. Determining proper sampling grids for emission, assumptions of the spatial distribution of emission should be
considered. If it can be established that the emission isradiating in al directions, the sample grid resolution can be
significantly reduced.

The ability of direct emission in certain direction is set by the physical size of BS, number of radiating sources and
correlation properties. For low frequencies, where D << A, it isreasonable to believe that the radiated emission will be
omni-directional, while for the case where D >> A, there is a potential risk that emission leaking through the
encapsulation or the antenna aperture can be directed in a certain direction. Therefore, the process to determine the
sampling grid and corresponding resol ution needs to include the frequency as one parameter. Consequently, a concept
with afixed sampling grid over the whole spurious frequency domain is not suitable to balance measurement
uncertainty with test time.

6.3.6 TRP summation error
In practice, discrete samples of EIRP or power density are measured at different directions (6, ¢) over the entire sphere,

which are used to numerically approximate the surface TRPgeerence integral. The obtained value, TRPegimate, iSan
approximation of TRPreerence and the difference between them is defined as the TRP summation error (SE) whichis
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The SE isthe error caused by the numerical integration of measured values on the grid to obtain TRPesimae, given that
the number of test points correspond to the reference angular steps, which are in turn dependent on antenna size and
frequency, as described in clause 6.3.4. A reasonable trade-off between accuracy and sampling timeis achieved when
the SE = 0.75 dB.

6.4 Co-location measurements

6.4.1 General

Co-location measurements are required for the OTA co-location reguirements which are based on assuming the BSis
co-located with another BS of the same base station class. They ensure that both co-located systems can operate with
minimal degradation to each other.

Co-location requirements are specified as power levelsinto or out of the conducted interface of the co-location
reference antenna. For conformance testing the requirements are translated to the input or output of a co-location test
antenna (CLTA).

CLTA isapractical passive antennathat is used for conformance testing of the co-location requirements and is based on
the definition of the co-location reference antenna. Basic principle of the CLTA are outlinesin clause 6.4.2. For more
details on the co-location test antenna characteristics, refer to TS 37.145-2 [4] clause 4.15.2.2, or TS 38.141-2 [6]
clause 4.12.2.2. The CLTA issuitable for testing BS implemented with a planar antenna array.

The alignment between the BS under test and the co-location test antenna is depicted in figure 6.4.1-1. For more details
on the co-location test antenna alignment and test arrangement, refer to TS 37.145-2 [4] clause 4.15.2.3, or TS 38.141-
2[6] clause 4.12.2.3. The same physical alignment applies to in-band and out-of-band co-location requirements.

Co-location requirements are not applicable to FR2.

NR BS type 1-O CLTA Side View

|

L
|

NS i ) | .
Horizontal View Back side I Front side

|

ri

L4

Vertical View

Mechanical Mechanical
bore-sight bore-sight
direction direction

Figure 6.4.1-1: Alignment of BS and CLTA
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6.4.2 Co-location test antenna

The co-location test antenna is a practical passive antenna based on the definition of the co-location reference antenna,
and it is used for conformance testing of the co-location requirements. Thus the CLTA should be within a certain
tolerance of the co-location reference antenna definition, so that commonly available passive BS antennas can be used
to test the co-location requirements without having to use a large number of test antennas and without having to design
specialized co-location test antennas.

For example, where the co-location reference antenna definition specifies that the co-location reference antenna, should
be a single column passive antenna which has the same vertical radiating dimension (h) as the composite antenna of BS,
this would be very restrictive when selecting atest antenna. Hence the CLTA should be within a certain tolerance for
the vertical radiating dimension (h) such that a suitable practical BS antenna can be found for each BS.

The CLTA is hence defined as follows:

The CLTA isasingle column passive antenna which has avertical radiating dimension (h) which is equal to the
vertical radiating dimension of the BS composite antenna £30 %.

For in-band requirements, the CLTA supports the same frequency range and polarizations as the BS composite
antenna.

For out-of-band co-location requirements, the half power vertical beamwidth of the CLTA equals the narrowest
declared vertical beamwidth £3 °.

The polarization should match the in-band CLTA polarization
The CLTA has ahorizontal half-power beamwidth of 65 ° + 10 °.

The front faces of the BS and the CLTA need to be aligned in a common plane perpendicular to the mechanical
bore-sight direction.

The centre of the vertical radiating regions of the CLTA and the BS composite antenna need to be aligned.

6.4.3 Standard test antenna

Co-location requirements may also be tested with a standardised test antenna such as a dipole. This has a number of
advantages:

- Standard test antennas are easily available and easier to specify.
- Repeatability between different conformance testing runs will be greater.
- Using standard test antennas, fewer antennas will be required for conformance testing.

- A standard test antenna can have higher gain in the direction of the BS than a CLTA, so that signal levels can be
higher relative to the noise floor in emission measurements and lower test levels can be used in interference
measurements.

In order to test with a standard test antenna, the translation between measured power levelsin the standard test antenna
and the co-location reference antenna must be shown. The method for translating the power levelsin the co-location
reference antenna to the standard test antenna and vice versais not covered by the present release of this technical
report.

6.5 Requirements classification

Based on the above spatial definitions, in table 6.5-1 captures classification of the radiated TX requirements and table
6.5-2 captures classification of the radiated RX requirements.
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Table 6.5-1: Classification of radiated TX requirements
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intermodulation

requirements (i.e. operating band unwanted emission, transmitter spurious
emission, and ACLR; all defined as TRP) in the presence of a wanted signal and
an interfering signal.

No requirement for FR2 is defined.

TX requirement Description Classificatio
n
Radiated transmit | The minimum requirements for radiated transmit power, are placed on one or Directional
power more manufacturer declared beams over a declared OTA peak direction set. OTA
requirements for BS output power are defined for directional EIRP requirements
as radiated transmit power requirements.
This requirement originates from the Rel-13 AAS BS requirement for the EIRP
accuracy.
OTA BS output TRP metric is used for BS output power limit requirement. TRP
power
OTA output power | OTA output power dynamics consists of the Total power dynamic range, as well Directional
dynamics as the RE power control dynamic range requirements.
For E-UTRA specification, the RE power control dynamic range requirement has
no specific test and is tested together with the EVM. Furthermore, verification of
the output power dynamics is not impacted by the spatial aspects around the BS.
Therefore, the OTA output power dynamics requirements are considered as
directional requirements.
OTA transmit OFF | The OTA transmit OFF power is a co-location requirement in FR1, defined at the FR1: Co-
power co-location reference antenna conductive output side, subject to scaling. location
For FR2, it is defined as TRP requirement. FR2: TRP
OTA transient Same as OTA transmit OFF power, the OTA transient period is a co-location FR1: Co-
period requirement in FR1, defined at the co-location reference antenna conductive location
output side, subject to scaling. FR2:
For FR2, it is defined as directional requirement. directional
OTA transmitted | EVM: The range of directions where the EVM requirement must be met is Directional
signal quality declared by the manufacturer as OTA coverage range, while the requirement
itself is considered directional.
Frequency error: The frequency error is coherent and will have a 'flat' response in
the spatial domain, i.e. OTA frequency error will not depend on the selection of
the measurement point within beam's compliance directions set. Therefore, single
directional requirement can be applied.
TAE: In terms of testing effort it is beneficial, to coordinate testing of OTA TAE
with testing of other transmitter parameters such as OTA frequency error and
radiated transmit power.
OTA occupied For occupied bandwidth, the beam characteristics are not important. The Directional
bandwidth requirement should however cover the fact that all transmitter is active and the
system is operating at the maximum declared rated total radiated power.
Occupied bandwidth is specified as a directional requirement valid over the OTA
coverage range.
OTA ACLR ACLR requirement is the ratio of two TRP measures: the total radiated filtered TRP
mean power centred on the assigned channel frequency to the total radiated
filtered mean power centred on an adjacent channel frequency.
OTA operating The OBUE unwanted emissions requirement in the OTA domain must capture all TRP
band unwanted emissions around the BS by application of the TRP metric.
emission
OTA transmitter Similar to other Unwanted emissions requirements, the metric used to capture TRP except
spurious emission | transmitter spurious emissions OTA is TRP. for co-
location
requirements
applicable in
FR1
OTA transmitter | OTA transmitter intermodulation requirement relies on Unwanted emission Co-location

Directional requirements are to be met over one of two defined directions sets, with each direction set being declared:

- The OTA coverage range: range of directions over which directional requirements associated with BS-UE
communication are intended such as modulation quality, TAE and frequency error. It can be regarded as the

range of directions which define the cell coverage. There is only one OTA coverage range per BS.

- The OTA peak directions set: intended for directional requirements which are intended for the centre of the
beam for example EIRP accuracy. The OTA peak directions set must always be within the OTA coverage range.
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There may be more than one OTA peak directions set declared, the declarations cover the range of directions
which a beam may be steered. Asthe BS may generate more than one type of beam with different beam widths
and different steering capabilities the declaration allows for multiple OTA peak direction setsto be declared. The
minimum set of declarations covers the beams with the narrowest and the widest beam widths.

Table 6.5-2; Classification of radiated Rx requirements

Rx requirement Description and discussion Classificatio
n
OTA sensitivity Based on the Rel-13 EIS requirement declaration over the OSDD, the OTA Directional
sensitivity is directional requirement by definition.
Conformance testing for OTA sensitivity is performed for the five directions. This
requirement is not applicable for BS type 2-O.
OTA reference Conformance testing for OTA reference sensitivity is performed for five Directional
sensitivity level directions declared by the manufacturer.
OTA dynamic It was agreed that the requirement assumes that the wanted signal and Directional
range interfering signal come from the same direction. Testing is defined in the
receiver target reference direction, meaning that this is directional requirement.
This requirement is not applicable for BS type 2-O.
OTA in-band The OTA blocking requirement is tested as follows: Directional
selectivity and - In the reference direction of the minSENS OSDD using the minSENS based
blocking requirement level
- In each of the 4 conformance direction at the extremities of the OTA
REFSENS RoA0A using the REFSENS based requirement level.
OTA out-of-band Out of band blocking is a long test and hence it is optimum to minimize the Directional,
blocking number of conformance test directions. The antenna gain can be assumed to be | except for co-
maximum at the reference direction, therefore it is sufficient to show location
conformance at the reference direction only. requirement
applicable for
BS type 1-O
OTA receiver The Rx spurious emissions requirement follows the approach for the Tx TRP
spurious emission | spurious emissions, i.e. the emissions in the spurious region needs to be
measured as TRP due to unknown radiation pattern.
OTA receiver Since RX sensitivity and blocking already test at all conformance directions, it is Directional
intermodulation sufficient to test RX IM only in a single direction.
OTA in-channel In channel selectivity requirement is tested in a single direction. Directional
selectivity
7 OTA measurement systems
7.1 General

All the measurement systems are described for measurement in Normal test conditions, unless otherwise stated.

7.2

7.2.1

Indoor Anechoic Chamber

Measurement system description, Normal test conditions

This method measures the EIRP in an anechoic chamber with the separation between the manufacturer declared

coordinate system reference point of the BS and the phase centre of the receiving antenna of no lessthan 2D/, where
D isthe largest dimension of the antenna of BS and A is the wavelength. The measurement system setup is as depicted
infigure 7.2.1-1 for TX requirements, and in figure 7.2.1-2 for RX requirements.
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Figure 7.2.1-1: IAC measurement system setup for TX requirements
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Figure 7.2.1-5: IAC measurement system setup for OTA receiver intermodulation
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7.2.2 Measurement system description, Extreme test conditions

This method places the BS under test inside a RF transparent environmentally sealed enclosure so that the BS
temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.

The separation between the manufacturer declared coordinate system reference point of the BS and the phase centre of
the receiving antenna of no less than 2D, where D isthe largest dimension of the antenna of BS and ) isthe
wavelength. The measurement system setup is as depicted in figure 7.2.2-1.
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D: Measurementequipment connector

Figure 7.2.2-1: IAC measurement system setup for EIRP accuracy, Extreme test conditions

7.2.3 Test method limitations

The maximum size of the BS is a chamber restriction that would affect the quality of the quiet zone. For larger BS sizes
larger size chambers should be considered such that the uncertainty of the quiet zone is taken into account.

7.3 Compact Antenna Test Range

7.3.1 Measurement system description, Normal test conditions

In case of TX requirements measurement, the Compact Antenna Test Range (CATR) uses the BS which radiates a
wavefront to a range antenna reflector which will then collimate the radiated spherical wavefront into a feed antenna.
The sufficient separation between the BS and the receiver (feed antenna shown in figure 7.3.1-1) so that the emanating
spherical wave reaches nearly plane phase fronts from transmitter to receiver. The BS transmits a wavefront that will
illuminate the range antenna reflector, which will then reflect the transmitted energy into the feed antenna. The range
feed antennais connected to a vector network analyzer or other equivalent test equipment.
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Figure 7.3.1-1: CATR measurement system setup, TX requirements

In case of RX requirements, the CATR uses the feed antenna which radiates a spherical wavefront to a range reflector
antenna which will then collimate the radiated spherical wavefront to the BS. There is sufficient separation between the
BS and the transmitter (feed antenna shown in figure 7.3.1-2) so that the emanating spherical wave reaches nearly plane
phase fronts from transmitter to receiver. The feed antenna transmits a wavefront that will illuminate the range antenna
reflector, which will then reflect the transmitted energy towards the BS.
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Figure 7.3.1-2: CATR measurement system setup, RX requirements

o !

F

Positioner
controller

power

3
| — combiner
PIVSG
AWGN
DE

PC D

Figure 7.3.1-3: CATR measurement system setup, RX OTA dynamic range, ACS, general blocking and
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Figure 7.3.1-5: CATR measurement system setup for OTA ICS
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Figure 7.3.1-6: CATR measurement system setup for TAE

7.3.2 Measurement system description, Extreme test conditions

This method places the BS under test inside a RF transparent environmentally sealed enclosure so that the BS
temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.
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The Compact Antenna Test Range (CATR) uses the BS which radiates a wave front to a range antenna reflector which
will then collimate the radiated spherical wave front into afeed antenna. The sufficient separation between the BS and
the receiver (feed antenna shown in figure 7.3.2-1) so that the emanating spherical wave reaches nearly plane phase
fronts from transmitter to receiver. The BS transmits a wave front that will illuminate the range antenna reflector, which
will then reflect the transmitted energy into the feed antenna. The range feed antenna is connected to a vector network
analyzer or other equivalent test equipment.

For the environmental control of the BS required to produce the extreme temperature environment the BS under test is
placed inside a RF transparent environmentally sealed enclosure so that the BS temperature can be controlled whilst the
result of the OTA chamber facility is at nominal temperature.
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Figure 7.3.2-1: CATR measurement system setup for EIRP accuracy in Extreme test conditions

7.3.3 Test method limitations

The maximum size of the BS is a chamber restriction that would affect the quality of the quiet zone. For larger BS sizes
larger size chambers should be considered such that the uncertainty of the quiet zone is taken into account.

The CATR is not suitable for low frequency measurements.

7.4 One Dimensional Compact Range

7.4.1 Measurement system description
The principle of the One Dimensional Compact Range measurement setup is shown in figure 7.4.1-1. It closely

resembles the standard compact range chamber. But for the generation of the plane wave in the quiet zone the proposed
method uses a special one dimensional probe instead of the standard set up comprising a concave mirror and a feed
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horn. The main advantage is a reduced chamber size and a simplified probe system replacing the standard mirror feed
horn set up.
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Figure 7.4.1-1: One Dimensional Compact Range measurement
system setup for EIRP accuracy
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Figure 7.4.1-2: One Dimensional Compact Range measurement
system setup for OTA sensitivity

The probe antennais set up of a one dimensional array of antenna modules, connected by a special feed system.
Optimized amplitude and phase settings in the feed system result in a plane wave in vertical direction. As no near field
to far field transformation has to be carried out, it is not required to measure a whole set of azimuth and elevation
angles.

7.4.2 Test method limitations
One Dimensional Compact Range test method is only suitable for BS whose antenna array consists of a single column
antenna array. For a BS equipped with multi-column antenna array, this method would not be suitable due to the high

amplitude uncertainty of edge column elements. High amplitude uncertainty makes testing of the declared steering
angles not possible to meet EIRP accuracy requirements.
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7.5 Near Field Test Range

7.5.1 Measurement system description

ETSI TR 137 941 V16.5.0 (2023-07)

The Near Field Test Range (NFTR) measurement techniques consist in measuring amplitude and phase of the
modulated signal at the BS under test, on some specific surfaces such as planar, cylindrical, and spherical. Each of the
near field test methods can be implemented by one or more mechanical rotations of the probe and/or BS under test as
shown in figure 7.5.1. One or more mechanical movement can be substitute by a probe array. All the scanning methods
will need an RF transmit and receive system equipped with an automated scanning, a data collection and control

system, and computerized analysis ability.
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Figure 7.5.1: Probe/scanner near field systems: spherical, cylindrical and planar

NOTE: Although there are three methods available for obtaining the near field data, the spherical method is used

as aworking example.

In case the radiated field is sampled on a sphere surrounding completely the BS under test, the 3D full sphere value of

the measured parameter can be measured in near field when the BSis:

- transmitting (for TX requirements) a defined modulated signalsin a declared beam, or

- receiving (for RX requirements) a defined modulated signals.

The near field measurement technique would imply the use of mathematical artefact, NF to FF transformin order to
have the measured parameter's value the in far field. The near field to far field transform is based on the well-known
Huygens-Fresnel principle. The spherical modal wave expansion is the implicit application of the Huygens principle. A
direct solution of the Helmholtz equations is found by applying boundary conditions on the surface S at infinity. From
the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal
expansion. Based on this formulation, the near field sampling criteria does play an important role.

7.5.2 Test method limitations

75.2.1 OTA EVM measurement

For BS implementations that point a beam in the EVM conformance direction during testing, the near field technique
may report too high, but will never report too low EVM. In case the BS does not point a beam centre in the test

direction, thereis arisk of the near field technique report too low EVM.

7522 OTA RX directional requirements

There are some limitations on the use of that the BS must not have any BB beam forming. Considering that BS must
have at least 8 TRX the probability of it meeting the restrictive conditionsis small. In addition there are some issues
surrounding the interference requirements when testing in the near field as the wanted and interfering signal may

experience different beam forming.

75.2.3 OTA sensitivity measurement

The near field test method is suitable for OTA sensitivity measurement of BS implementations where the beam forming
is done on in afixed or pre-set manner for the measured OSDD declaration, i.e. there is only one interface to
digital/baseband processing. The near field test method is not suitable if for the measured OSDD declaration any
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combining is not fixed or preset. Some examples of architectures for which near field test method is possible and for
which it is not possible are depicted on figure 7.5.2.3-2. The BS under test should not have any other non-linear
behaviour that would cause the near field to far field transformation to fail or cause increased OTA sensitivity
measurement uncertainty (for example, Automatic Gain Control if applicable must be disabled and the receiver
dynamic range must be sufficient to prevent any increased measurement uncertainty due to the range of the near field
values.
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Figure 7.5.2.3-1: Examples of limit of OSDD functionality testable
with near field test method for a single OSDD
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Figure 7.5.2.3-2: Examples of limit of OSDD functionality not testable
with near field test method for a single OSDD

7.6 Plane Wave Synthesizer

7.6.1 Measurement system description

This method is an extension of a CATR measurement method as captured in clause 7.3, where the reflector is replaced
by an antenna array, or Plane Wave Synthesizer (PWS), capable of approximating a plane wave within a specified
quiet zone in front of the antennain a similar manner as the reflector in a CATR system.

The principle of the Plane Wave Synthesizer is shown in figure 7.6.1-1:
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Figure 7.6.1-1: PWS measurement setup, Tx requirements
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Figure 7.6.1-3: PWS measurement setup, OTA dynamic range, ACS, blocking and ICS
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Figure 7.6.1-4: PWS measurement setup, Receiver intermodulation

The PWS typically consists of two main components: the radiating elements arranged in the structure of an array and
the feeding system. The architecture of the later depends on the adopted technology, e.g. it could be fed by a standard
Beam Forming Network (BFN) or by an active system.

Using similar technique of setting the phase and amplitude of the array signals, a quiet zone containing planar waves as
alinear superposition of the array elements' spherical radiation waves can be created within the near field of the array.

The PWS can achieve far-field testing conditions in a Quiet Zone (QZ) asin the case of CATRs it enables direct
measurements of far-field BS performance in a controlled indoor environment as an aternativeto CATR.

7.6.2 Test method limitations

The maximum rated Power Density (PD) per section of the PWS area (e.g. dBm/cm?) might be restricted depending on
the implementation. This Power Density at a specific reference plane can be calculated for each BS as a function of the
total radiated power, the test distance and the radiation pattern of the BS.

7.7 General chamber
7.7.1 Measurement system description

The general chamber represents any suitable OTA chamber which shieldsthe BS and CLTA form external interference
and prevents reflections within the chamber form altering the coupling between the BS and the CLTA.
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Figure 7.7.1-1: General chamber test system set up diagram for co-location TX OFF and co-location
emissions

The OTA measurement receiver must be capable of conforming that the BS is radiating the wanted signal at the
required power level, however the measurement is made at the output of the CLTA. The diagram shows a switch/limiter
or filter which is used to reduce the level of the wanted signal before the requirement is measured in the measurement
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Figure 7.7.1-2: General chamber test system set up diagram for co-location TX IMD
The general chamber represents any chamber capable of performing the OTA transmitter spurious emissions

requirements, the OTA operating band unwanted emissions requirements and the OTA ACLR requirements to the
specified accuracy.
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7.7.2 Test method limitations

7.8 Reverberation chamber

7.8.1 Measurement system description

A reverberation chamber (RC) is an electrically large shielded metal enclosure that employs one or several "stirring"
methods to randomize the fields, such as moving paddles, turntables, etc. In this way, alarge number of uncorrelated
samplesis obtained. The volume in the room where the field is well-stirred is the working volume. Here the E-field,

averaged over an entire stirring cycle, isindependent of the location in the room, i.e. the field is spatialy uniform.

For a proper analysis of the measured data a sufficient number of uncorrelated samplesis required. The auto-correlation
function is used to calculate the offset between statistically uncorrelated samples using the following expression asin
|[EC 61000-4-21 [11]:

N-1

1
r(k) = 2N-1D nzzo(xn — (x ) (Xmodtntieny — (X))

where the modulus operator mod(x,y) is the remainder of x/y, here performing a circular shift of the measurement
samples over adistance k. The symbols (x) and ¢ = "std" (X) denote the average value and standard deviation. The
threshold value for uncorrelated samples, riim, is defined asin IEC 61000-4-21 [11]:

Tim < 0.37(1 — 7.22/N°6%)

The distance k,;,,, between uncorrelated samplesis calculated as the minimum k-value satisfying r (k) < ry;,. The
number of uncorrelated samplesis calculated as:

When properly designed, this facility can be used for non-directional antenna measurements, such as TRP. In fact, a
well-stirred RC is capable of measuring TRP in areliable way, regardless of the directivity pattern of the emission or
frequency range. When measuring TRP of sources with adirective pattern, special care must be taken to characterize
the working volume of the chamber.

The purpose of the chamber characterization isto ensure that the effect of a non-uniform field distribution in the
chamber has a negligible influence on the measurement result when the BSis placed in the working volume. Lack of
chamber uniformity isamajor contributor to measurement uncertainty in reverberation chambers and should be handled
with care.

The uniformity test can be quite time consuming and the test can be performed separate from the BS measurement. Due
to the non-negligible size of BS equipment the BS can have a significant influence on the uniformity. To take this effect
into account, either the BSitself must be present in the room during characterization or an absorber with dimensions
equal or larger than the BS must be placed at the BS'slocation in the room.

The characterization procedure consists of placing a reference transmitter antenna (REF TX ant) at different locations
and with different orientations in the room and measuring the Power Transfer Function (PTF) between the REF TX and
chamber's RX antenna, see figure 7.8.1-1. The actual mode of RC operation shall be used, including stirrer movement,
BS movement, diversity antenna usage, etc. The directivity of the REF TX ant will influence the spatial uniformity of
the room, amore directive REF TX ant is better at detecting parts of the room that are less-well stirred. Therefore, the
REF TX ant chosen for the uniformity test should excite the chamber in asimilar way asthe BS.
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Figure 7.8.1-1: Setup for characterization of a reverberation chamber

The working volume shall be at least half a wavelength from the chamber walls and other electromagnetic reflective
objects according to [12]. According to |EC 61000-4-21 [11] this distance may be restricted to 0.75 m below 100 MHz.
The number of positions and orientations to use depends on the chamber size and the directivity of the REF TX ant.

M easurements made at positions and orientations at the edges of the working volume are used to characterize the
chamber and derive certain components of uncertainty.

The exact number of positions and orientations remain for further study, but at least (3) uncorrelated locations should be
used and (6) uncorrelated orientations per position when directive spurs are to be detected.

Different test equipment set ups can be used for the acquisition of the PTF between REF TX and RX. Such as devices
capable of directly extracting the PTF, like a Vector Network Analyzer (VNA) or a set up with separate transmitter and
receiver test equipment, such as a Signal Generator (SG) and Spectrum/signal Analyzer (SA) configuration. In the latter
case the operator should account for the losses in the set up originating from cables, mismatch, etc.

When using aVNA, the REF TX ant and the measurement receive antenna (RX) are connected to the test equipment.
For each location/orientation n of the REF TX ant, RC sample, and desired frequency f, the power transfer function

b= (|521|2)
is measured. The explicit dependence on RC sample and frequency is not written out here.
In case of using a SG and SA the PTF is calculated as follows:

(U3

P, =
50 P¢M;Lsg

with U, the received voltage, 50 Q being the reference impedance of the SA, P the transmit power of the signal source,
Ls the lossesin in the cables, Mt the mismatch efficiency at the TX antennacalculated asM, = 1 — |S;4]2.

At least 250 uncorrel ated samples shall be used per position/orientation. Using alower number is not compatible with
the underlying analysis on measurement uncertainty, see IEC 61000-4-21 [11] and publication in [13].

The following tests are performed and shall be verified for each frequency:
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a) Uniformity of transfer function: For each location/orientation eval uate P,. The standard deviation of these
average values shall be below the assumed measurement uncertainty level for A6-7 uncertainty contributor, as
described in annex A.6.

b) Dynamic range: The dynamic range of each P, shall be at least 20 dB.
¢) Uncorrelated samples: At least 250 uncorrelated samples shall be used.

It isimportant to note that spatial uniformity (and number of uncorrelated samples) in an RC is harder to achieve for
more directive antenna patterns. As such, the measurement uncertainty of a sub-optimally configured room will be
higher and additional measures to randomize the fields should be considered. Optimization of the BS position in the
chamber and positional stirring are good starting points.

7.8.2 Test method limitations

The reverberation chamber test method is not suitable for testing spurious emissions at very low frequencies. The MU
evaluation is applicable for the frequency above 380 MHz.

8 Measurement system calibration

8.1 General

Cdlibration of the OTA measurement systems is assumed to be the same for FR1 and FR2 frequencies, unless otherwise
stated.

8.2 Indoor Anechoic Chamber calibration

Cdlibration shall be done to ensure that the SNR at the measurement equipment input is appropriate and the reception
signal level at the measurement equipment is within the dynamic range of measurement equipment.

1) Cadlibration system configuration

For TX requirements: connect the reference antenna and the receiving antenna to the measurement RF out port
and RF in port of the network analyzer, respectively, as shown in figure 8.2-1. The amplifier may be installed
between C and D if required.
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Figure 8.2-1: Indoor Anechoic Chamber calibration system setup for TX requirements

For RX requirements: Connect the reference antenna and the transmitting antennato RF in port and RF out port of the
network analyzer, respectively, as shown in figure 8.2-2.
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E: Network analyzer input connector RF in RF out
F: Reference antenna connector
A: Phase centre of the reference antenna Network Analyzer

(aligned to the reference point of AAS BS at DUT measurement)
B: Phase centre of the transmitting antenna

@)
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D: Network Analyzer output connection point
( the same as the measurement equipment connection point at DUT measurement)

Figure 8.2-2: Indoor Anechoic Chamber calibration system setup for RX requirements

2) Install the reference antenna with its beam peak direction and the height of its phase centre aligned with the
receiving antenna, or transmitting antenna (in case of transmitter or receiver requirement, respectively).

3) Set the centre frequency of the network analyzer to the carrier centre frequency of the tested signal and measure
L Fe—p, which isequivalent to 20l0g|S21]| (dB) obtained by the network analyzer:

- LFe_p: Pathloss between E and D in figure 8.2-1 (for Tx reguirements) and 8.2-2 (for Rx requirements).
4) Measure the cable loss, LFe_.r between the reference antenna connector and the network analyzer connector:
- LFer Cableloss between E and F in figure 15.1-1.
5) Calculate the calibration value between A and D with the following formulas:
- Lea, a=p = LFe—p + GRrer ANT, F—A - LFESF.

- Lca, a—p: Cdlibration value between A and D in figure 8.2-1 (for Tx requirements) and 8.2-2 (for Rx
requirements).

- Grer_anT, A—F: Antenna gain of the reference antenna.

8.3 Compact Antenna Test Range calibration

The calibration measurement is done by using a reference antenna (SGH used in figure 8.3-1 or 8.3-2) with known
efficiency or gain values. In the calibration measurement the reference antennais measured in the same place asthe BS,
and the attenuation of the complete transmission path (C—A, asin figure 8.3-1 or 8.3-2) from the BS to the
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measurement receiver is calibrated out. Figures 8.3-1 and 8.3-2 presents a setup of atypical compact antennatest range
for TX and RX requirements, respectively.

VWWIWWWWIWVVWVVAVVVY
z
| (l)—»
|
: X Range antenna
o DUT | y reerctorA
| Z
o
|
@ A Feed ante
YAYAYAVAY)
|
Positioner PMISG
controller cC B
° R
PC

Figure 8.3-1: CATR calibration system setup, TX requirements
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Figure 8.3-2: CATR calibration system setup, RX requirements

1) Pathlosscalibration C—A:

a) Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's
connector with a network analyser (or equivalent measurement equipment) to obtain I'sgh.

b) Measure cable loss from point C to input of SGH, call this Lc.sen which isthe equivalent of 2010g|Sz| from
the use of a network analyser.

c) Calculate the combined total path loss from C—A by using the following expression:
LscHea = Le,ser + 1010g(1 - [Tsehf?) - Gsen,

where 10log(1 - [T'senf?) isthe compensation for SGH connector return loss, Gsgn is the known gain of the
reference SGH.

2) Connect SGH and C—A cable.

3) Toremove polarization(s) mismatch between range antenna (labelled as feeder antennain diagram) and SGH use
positions to position the SGH in the boresight of range antenna.

4) Measure path loss C—B with network analyzer Lc—g = 20l0g|Sz).

5) Calculate the test path loss compensation factor. Thisisthe total path loss between A<»B using the results from
steplcand 4. L = LsgHea - Lc—s.

Where I'sgh is the reflection coefficient (or mismatch) seen at the SGH connector (Si1 with a network analyzer).

The CATR test setup and calibration for FR2 are expected to be similar to those of FR1, although the test chamber
dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the
spectrum analyzer may be needed.
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8.4 One Dimensional Test Range calibration

8.5 Near Field Test Range calibration

Calibration accounts for the various factors affecting the measurements. These factors include components such as
range length path loss, cable losses, gain of the receiving antenna, etc. Each measured data point for both radiated
power and radiated sensitivity is transformed from arelative value in dB to an absolute value in dBm. For doing that the
total path loss from the BS to the measurement receiver, named L path lossis calibrated out. The calibration
measurement is usually done by using a reference antenna with known gain. This approach is based on the so called
gain-comparison method asin |EEE Standard Test Procedures for Antennas [7]. Figure 8.5-1 shows the typical
configuration for measuring path | oss.

Lpath }K

Measurement Antenna
Gref

Pr:—:-f_Ej oies EI: Ptest

Psource Prec

Source Receiver

Figure 8.5-1: Typical Lpah l0SS measurement configuration

The Lyan pathloss can be determined from the power into the reference antenna by adding the gain of the reference
antenna:

Piso = Pret + Gret
so that:
Lpath = Pret + Gret - Prest

In order to determine Pre, a cable reference measurement is performed in order to calibrate out the A, and B paths.
Assuming that the power at the source isfixed, it can be showed that:

Pref — Prest = Prec' - Prec

Where Prec and Prec' are the power measured at the receiver during the calibration measurement with the reference
antenna and the power measured at the receiver during the cable reference measurement respectively. Lpan l0ossisthen
given by:

Lpath = Gret + Prec' — Prec

8.6 Plane Wave Synthesizer calibration

The calibration measurement is done by using a reference antenna with known efficiency or gain values (e.g. SGH). In
the calibration measurement the reference antennais measured in the same place as the BS, and the attenuation of the
complete transmission path (C—A, seefigure 8.6-1) from the BS to the measurement receiver is calibrated out.

ETSI



3GPP TR 37.941 version 16.5.0 Release 16

[0r]
w

ETSI TR 137 941 V16.5.0 (2023-07)

3
|
3
3

D: Reference antenna connector

A: BS coordinate reference point
B: PWS antenna connector

C: Network Analyzer connector
E: Network analyzer connector

>
o

Network Analyzer

VVVVVVVVVYYY
FXRKKRKRKAAKAR
)
O

Figure 8.6-1: Path loss calibration in PWS, TX requirements
: _ A: BS coordinate reference point
t < B: PWS antenna connector
—< C: Network Analyzer connector
j D: Reference antenna connector
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A E
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Figure 8.6-2: Path loss calibration in PWS, RX requirements

1) Pathlosscalibration E—A:

a) Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's
connector with a network analyzer (or equivalent measurement equipment) to obtain I'sgh.

b) Measure cable loss from point E to input of SGH, call this Le..sen Which isthe equivalent of 2010g|Sz:| from
the use of a network analyzer.

¢) Calculate the combined total path loss from E—A by using the following expression:

LsoHea = Le;son + 10log(1 - [Tsauf?) - Gson, where 10log(1 - |F'sgnf?) is the compensation for SGH
connector return loss, Gsgh is the known gain of the reference SGH.

2) Connect SGH and D<++E cable.
3) Measure path loss C—E with network analyzer Lc—¢ = 20109|Sx).

4) Calculate the test path loss compensation factor. Thisisthe total path loss between C—A using the results from
step lcand 3. L = LsgHea - Lc—E.

Where I'sgn is the reflection coefficient (or mismatch) seen at the SGH connector (Sp1 with a network analyzer).

8.7 General chamber calibration

The OTA path of the general chamber is calibrated according to its chamber type using the methodology in clause 8.2 to
8.6.
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Figure 8.7-1: General chamber test system set up diagram for co-location TX OFF and co-location
emissions
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Figure 8.7-2: General chamber test system set up diagram for co-location TX IMD

The CLTA pathis calibrated as follows:
1) Cable and matching loss calibration for CLTA for each polarization supported by the CLTA

a) Measure CLTA reflection coefficient separately at the antenna's connector with a network analyser (or
equivalent measurement equipment) to obtain I'anr.

b) Measure cable loss frominput of CLTA (A) to point B for TX OFF and co-location spurious emissions and
from point B to input of CLTA (A) for TX IMD, call thisL antr Which is the equivalent of 20l0g|S,1| from
the use of a network analyser.

c) Caculate the combined total path loss from Fto CLTA using the following eguation:
Lca =L anTorE + 10Iog(1 - |FANT|2)

8.8 Reverberation chamber calibration

To correctly determine the TRP by the BS a calibration step to account for losses in cables, antennas, etc. isrequired. A
reference PTF is determined at each frequency of interest by using arelevant reference TX antenna (REF TX ant). The
chamber should be set up identically to the actual set up of the TRP measurement, which means the BS hasto bein the
room, the same stirring procedure has to be used, etc.

A minimum N = 1 reference measurement is required, but it is noted that more measurements can be used to estimate
the reference PTF and that this will lead to areduction of the uncertainty by afactor 1/,/N, . Theradiation

efficiency, n, of the reference antenna can be assumed to be the value declared by the manufacturer or can be
determined in a separate antenna efficiency measurement.
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Figure 8.8-1: The procedure for TRP measurements uses three consecutive setups: (a) Reference
measurement, (b) ambient noise measurement (b), and (c) TRP measurement. The blue dots indicate
the measurement planes

Cdlibration procedure;

1) Placethe BS and the REF TX ant in the working volume of the RC. Turn off BS power and BS controls. See
figure 8.8-1 (a). If more positions are used to determine the reference PTF the REF TX ant should be placed at
uncorrelated positions within the test volume.

2) Set the stirrers and turntables in the mode of operation used in the chamber characterization.
3) Set the sampling rate asin the chamber characterization.
4) Connect the REF TX ant and the RX antenna with a calibrated Network analyser (NA).

5) Measure the scattering parameters or received power over a complete stirring cycle for each frequency of interest
and for each position and orientation.

6) Calculate the reference transfer function, P®,

7) Calculate the mis-match efficiency, M.

9 TX directional requirements

9.1 General

Most TX directional requirements require demodulation of the transmitted signal using the "global in-channel TX test"
asdescribed e.g. inannex L of TS 38.141-2 [6] for NR.

For simplicity since Lyan requirements do not all use the same RAT-specific test models, the OTA test procedures have
been kept general by using "applicable test signal" where the RAT-specific test models can be found in AASBS or NR
BStest specifications TS 37.145-2 [4] and TS 38.141-2 [ 6], respectively.

Some requirements are differential and hence many of the calibration and OTA measurement uncertainties may cancel.
These are investigated on a case by case basis.

NOTE 1: All the calibration and test procedures are valid for FR1 as well as FR2, unless otherwise stated.
NOTE 2: All the MU and TT values derivations are valid for Normal test conditions, unless otherwise stated.

NOTE 3: The FR2 MU assessment was carried out using a CATR chamber only however other chamber types are
not precluded if suitable MU assessment is done.
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9.2 EIRP accuracy, Normal test conditions

9.2.1 General

Clause 9.2 captures MU and TT values derivation for the EIRP accuracy directional requirement in Normal test
conditions.

For the MU and TT values derivation for the EIRP accuracy in Extreme test conditions, refer to clause 9.3.
Specification of Normal and Extreme test conditionsis captured in TS 38.141-2 [6] for NR BS (i.e. BStype 1-O and BS
type 2-0), and in TS 37.145-2 [4] for OTA AASBS.

9.2.2 Indoor Anechoic Chamber

9.22.1 Measurement system description

Measurement system description is captured in clause 7.2.1.
9.2.2.2 Test procedure

9.2221 Stage 1: Calibration

Cdlibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2 with the calibration system setup for
TX requirements depicted in figure 8.2-1.

9.2.2.2.2 Stage 2: BS measurement
The IAC testing procedure consists of the following steps:

1) Uninstall the reference antenna and install the BS with the manufacturer declared coordinate system reference
point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate
system orientation of the BSis set to be aligned with the testing system.

2) Set the BSto generate the tested beam with the beam peak direction intended to be the same as the testing
direction.

3) Rotate the BS to make the testing direction aligned with the direction of the receiving antenna.
4) Set the BSto transmit the test signal at the maximum power according to applicable test model.

5) Measure the mean power for each carrier arriving at the measurement equipment connector, denoted by
Pr eire, 0, Which is defined as measured mean power for each carrier at the measurement equipment connector at
the reference point D in figure 7.2.1-1.

6) Calculate the EIRP with the following formula:
EIRP = Pr gire,0 + LEIRP cd, A—D

7) Cdculatetotal EIRP = EIRPy: + EIRP,; where the declared beam is the measured signal for any two orthogonal
polarizations (denoted pl and p2).

8) Repeat the above steps 2 - 7 per conformance test beam direction pair.

9.2.23 MU value derivation, FR1

Table 9.2.2.3-1 captures uncertainty budget contributors and table 9.2.2.3-2 captures the derivation of the expanded
measurement uncertainty values for EIRP accuracy measurements in Indoor Anechoic Chamber (Normal test
conditions, FR1).
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Table 9.2.2.3-1: Indoor Anechoic Chamber measurement uncertainty contributors for EIRP accuracy
measurements, Normal test conditions, FR1

UID / Details in Uncertainty source
annex
Stage 2: BS measurement

Al-1 Positioning misalignment between the BS and the reference antenna

Al-2 Pointing misalignment between the BS and the receiving antenna

Al-3 Quality of quiet zone

Al-4a Polarization mismatch between the BS and the receiving antenna

Al-5a Mutual coupling between the BS and the receiving antenna

Al-6 Phase curvature

Cl-1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer,

power meter)
Al-7 Impedance mismatch in the receiving chain
Al-8 Random uncertainty
Stage 1: Calibration measurement
Al-9 Impedance mismatch between the receiving antenna and the network analyzer
Al-10 Positioning and pointing misalignment between the reference antenna and the
receiving antenna

Al-11 Impedance mismatch between the reference antenna and the network analyzer.
Al-3 Quality of quiet zone

Al-4b Polarization mismatch between the reference antenna and the receiving antenna
Al-5 Mutual coupling between the reference antenna and the receiving antenna
Al-6 Phase curvature

C1-3 Uncertainty of the network analyzer

Al-12 Influence of the reference antenna feed cable

Al-13 Reference antenna feed cable loss measurement uncertainty

Al-14 Influence of the receiving antenna feed cable

Ci-4 Uncertainty of the absolute gain of the reference antenna

Al-15 Uncertainty of the absolute gain of the receiving antenna

NOTE: Inthelegacy technical reportsfor BS testability (RAN4) or UE testability (RANS), the MU/TT derivation
tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In
this TR a simplified approach was taken with the UID's being the annex number of the measurement
uncertainty source description.
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Table 9.2.2.3-2: Indoor Anechoic Chamber measurement uncertainty value derivation for EIRP
accuracy measurements, Normal test conditions, FR1
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uiD Uncertainty source Uncertainty value (dB) Distribution Divisor based | ¢; Standard uncertainty u;
of the on (dB)
f< 3<f< 42<f probability distribution f< 3<f< 42<f
3G | 42GHz | <6GHz shape 3G | 42GHz | <6GHz
Hz Hz
Stage 2: BS measurement
Al-1 Positioning 0.03 0.03 0.03 Rectangular 1.73 1| 0.02 0.02 0.02

misalignment between
the BS and the
reference antenna

Al-2 Pointing misalignment 0.3 0.3 0.3 Rectangular 1.73 1| 0.17 0.17 0.17
between the BS and
the receiving antenna

Al-3 Quality of quiet zone 0.1 0.1 0.1 Gaussian 1.00 1] 0.10 0.10 0.10

Al-4a | Polarization mismatch 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
between the BS and
the receiving antenna

Al-5a | Mutual coupling 0 0 0 Rectangular 1.73 1| 0.00 0.00 0.00
between the BS and
the receiving antenna

Al-6 Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1] 0.05 0.05 0.05

Cl-1 Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1| 014 0.26 0.26
power measurement
equipment (e.g.
spectrum analyzer,
power meter)

A1-7 Impedance mismatch 0.14 0.33 0.33 U-shaped 1.41 1| 0.10 0.23 0.23
in the receiving chain
Al1-8 Random uncertainty 0.1 0.1 0.1 Rectangular 1.73 1| 0.06 0.06 0.06
Stage 1: Calibration measurement
Al-9 Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04

between the receiving
antenna and the
network analyzer

A1-10 | Positioning and 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
pointing misalignment
between the reference
antenna and the
receiving antenna

Al1-11 | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
between the reference
antenna and the
network analyzer

A1-3 | Quality of quiet zone 0.1 0.1 0.1 Gaussian 1.00 1] 0.10 0.10 0.10

Al-4b | Polarization mismatch 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
between the reference
antenna and the
receiving antenna

A1-5b | Mutual coupling 0 0 0 Rectangular 1.73 1| 0.00 0.00 0.00
between the reference
antenna and the
receiving antenna

Al-6 Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1 [ 0.05 0.05 0.05

C1-3 | Uncertainty of the 0.13 0.2 0.2 Gaussian 1.00 1| 0.13 0.20 0.20
network analyzer

A1-12 | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
reference antenna feed
cable

Al1-13 | Reference antenna 0.06 0.06 0.06 Gaussian 1.00 1| 0.06 0.06 0.06
feed cable loss
measurement
uncertainty

A1-14 | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
receiving antenna feed
cable

C1-4 | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25
absolute gain of the
reference antenna

A1-15 | Uncertainty of the 0 0 0 Rectangular 1.73 1| 0.00 0.00 0.00
absolute gain of the
receiving antenna

Combined standard uncertainty (10) (dB) 0.44 0.54 0.54

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.87 1.06 1.06
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9.2.3 Compact Antenna Test Range

9.23.1 Measurement system description

Measurement system description is captured in clause 7.3.1.
9.2.3.2 Test procedure

9.23.21 Stage 1: Calibration

Cdlibration procedure for the Compact Antenna Test Range is captured in clause 8.3 with the calibration system setup
for TX requirements depicted in figure 8.3-1.

9.23.2.2 Stage 2: BS measurement

The CATR testing procedure consists of the following steps:
1) Setup BSin place of SGH from calibration stage. Align BS with beam peak direction of range antenna.
2) Configure TX branch and carrier according to maximum power requirement and test configuration.
3) Set the BSto transmit the test signal according to applicable test model.

4) Measure mean power (Pmess) Of each carrier arriving at the measurement equipment (such as a spectrum analyzer
or power meter) denoted in figure 8.3-1.

5) Calculate EIRP, where EIRP = Press + La—s.

6) Caculatetotal EIRP = EIRPy: + EIRP,; where the declared beam is the measured signal for any two orthogonal
polarizations (denoted pl and p2).

7) Repeat steps 2 - 6 for all conformance test beam direction pairs.

9.2.3.3 MU value derivation, FR1

Table 9.2.3.3-1 captures uncertainty budget contributors and Table 9.2.3.3-2 captures the derivation of the expanded
measurement uncertainty values for EIRP accuracy measurementsin CATR (Normal test conditions, FR1).

Table 9.2.3.3-1: CATR measurement uncertainty contributors for EIRP accuracy measurements,
Normal test conditions, FR1

UID / Details in annex | Uncertainty source
Stage 2: BS measurement

A2-la Misalignment and pointing error of BS (for EIRP)

Ci1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer,
power meter)

A2-2a Standing wave between BS and test range antenna

A2-3 RF leakage (SGH connector terminated & test range antenna connector cable
terminated)

A2-4a QZ ripple experienced by BS

A2-12 Frequency flatness of test system

Stage 1: Calibration measurement

C1-3 Uncertainty of the network analyzer

A2-5a Mismatch of receiver chain between receiving antenna and measurement receiver

A2-6 Insertion loss of receiver chain

A2-3 RF leakage (SGH connector terminated & test range antenna connector cable
terminated)

A2-7 Influence of the calibration antenna feed cable

Ci-4 Uncertainty of the absolute gain of the reference antenna

A2-8 Misalignment positioning system

A2-1b Misalignment and pointing error of calibration antenna

A2-9 Rotary joints

A2-2b Standing wave between calibration antenna and test range antenna
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A2-11

Switching uncertainty

NOTE:

In the legacy technical reports for BS testability (RAN4) or UE testability (RANS), the MU/TT derivation

tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In
this TR a simplified approach was taken with the UID's being the annex number of the measurement
uncertainty source description.

Table 9.2.3.3-2: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions,

FR1
uiD Uncertainty source Uncertainty value (dB) Distribution Divisor ¢i | Standard uncertainty
of the based u; (dB
fs 3<fs | 42<f probability on f< 3<f | 42<f
3G 42G < distribu 3G < <
Hz Hz 6 GHz tion Hz 4.2 6 GHz
shape GHz
Stage 2: BS measurement
A2-la | Misalignment and pointing error 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 | 0.00 0.00
of BS (for EIRP)
Cl-1 Uncertainty of the RF power 0.14 0.26 0.26 Gaussian 1.00 1 0.14 | 0.26 0.26
measurement equipment (e.g.
spectrum analyzer, power
meter)
A2-2a | Standing wave between BS and 0.21 0.21 0.21 U-shaped 1.41 1 0.15 | 0.15 0.15
test range antenna
A2-3 RF leakage (SGH connector 0.00 0.00 0.00 Gaussian 1.00 1 0.00 | 0.00 0.00
terminated & test range antenna
connector cable terminated)
A2-4a | QZ ripple experienced by BS 0.09 0.09 0.09 Gaussian 1.00 1 0.09 | 0.09 0.09
A2-12 | Frequency flatness of test 0.25 0.25 0.25 Gaussian 1.00 1 0.25 | 0.25 0.25
system
Stage 1: Calibration measurement
C1-3 Uncertainty of the network 0.13 0.20 0.20 Gaussian 1.00 1 0.13 | 0.20 0.20
analyzer
A2-5a | Mismatch of receiver chain 0.13 0.33 0.33 U-shaped 1.41 1 0.09 | 0.23 0.23
between receiving antenna and
measurement receiver
A2-6 Insertion loss of receiver chain 0.18 0.18 0.18 Rectangular 1.73 1 0.10 | 0.10 0.10
A2-3 RF leakage (SGH connector 0.00 0.00 0.00 Gaussian 1.00 1 0.00 | 0.00 0.00
terminated & test range antenna
connector cable terminated)
A2-7 Influence of the calibration 0.02 0.02 0.02 U-shaped 1.41 1 | 0.02 | 0.02 0.02
antenna feed cable
C1-4 | Uncertainty of the absolute gain 0.50 0.43 0.43 Rectangular 1.73 1 0.29 | 0.25 0.25
of the reference antenna
A2-8 Misalignment positioning system | 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 | 0.00 0.00
A2-1b | Misalignment and pointing error 0.50 0.50 0.50 Exp. normal 2.00 1 0.25 | 0.25 0.25
of calibration antenna
A2-9 | Rotary joints 0.05 0.05 0.05 U-shaped 1.41 1 | 0.03 | 0.03 0.03
A2-2b | Standing wave between 0.09 0.09 0.09 U-shaped 1.41 1 0.06 | 0.06 0.06
calibration antenna and test
range antenna
A2-4b | QZ ripple experienced by 0.01 0.01 0.01 Gaussian 1.00 1 | 001 | 0.01 0.01
calibration antenna
A2-11 | Switching uncertainty 0.26 0.26 0.26 Rectangular 1.73 1 0.15 | 0.15 0.15
Combined standard uncertainty (1o) (dB) 0.57 | 0.65 0.65
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 111 | 1.27 1.27
9.2.34 MU value derivation, FR2

The MU assessment was carried out using a CATR chamber only however other chamber types are not precluded if
suitable MU assessment is done.

A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2.
The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1,
although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger
relative array apertures.
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Table 9.2.3.4-1 captures the uncertainty budget contributors and table 9.2.3.4-2 captures the derivation of the expanded
measurement uncertainty values for EIRP accuracy measurementsin CATR (Normal test conditions, FR2).

Table 9.2.3.4-1: CATR measurement uncertainty contributors for EIRP accuracy measurements,
Normal test conditions, FR2

UID / Details in annex | Uncertainty source
Stage 2: BS measurement

A2-1a Misalignment and pointing error of BS (for EIRP)

Ci1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer,
power meter) - high power

A2-2a Standing wave between BS and test range antenna

A2-3 RF leakage (SGH connector terminated & test range antenna connector cable
terminated)

A2-4a QZ ripple experienced by BS

A2-12 Frequency flatness of test system

Stage 1: Calibration measurement

C1-3 Uncertainty of the network analyzer

A2-5a Mismatch of receiver chain between receiving antenna and measurement
receiver

A2-6 Insertion loss of receiver chain

A2-3 RF leakage (SGH connector terminated & test range antenna connector cable
terminated)

A2-7 Influence of the calibration antenna feed cable

C1-4 Uncertainty of the absolute gain of the reference antenna

A2-8 Misalignment positioning system

A2-1b Misalignment and pointing error of calibration antenna (for EIRP)

A2-9 Rotary joints

A2-2b Standing wave between calibration antenna and test range antenna

A2-4b QZ ripple experienced by calibration antenna

A2-11 Switching uncertainty

NOTE: Inthelegacy technical reportsfor BS testability (RAN4) or UE testability (RANS), the MU/TT derivation
tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In
this TR a simplified approach was taken with the UID's being the annex number of the measurement
uncertainty source description.
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Table 9.2.3.4-2: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions,

FR2
uiD Uncertainty source Uncertainty value Distribution of Divisor Ci Standard uncertainty u;
(dB) the probability | based on (dB)
2425 <f 37 <f distributi 2425 <f 37<f
<29.5 GHz <43.5 on shape <29.5 GHz <43.5
GHz GHz
Stage 2: BS measurement
A2-la | Misalignment and pointing 0.20 0.20 Exp. normal 2.00 1 0.10 0.10
error of BS (for EIRP)
C1-1 | Uncertainty of the RF power 0.50 0.70 Normal 1.00 1 0.50 0.70
measurement equipment
(e.g. spectrum analyzer,
power meter) - high power
A2-2a | Standing wave between BS 0.03 0.03 U-shaped 1.41 1 0.02 0.02
and test range antenna
A2-3 RF leakage (SGH connector 0.01 0.01 Normal 1.00 1 0.01 0.01
terminated & test range
antenna connector cable
terminated)
A2-4a | QZ ripple experienced by BS 0.40 0.40 Normal 1.00 1 0.40 0.40
A2-12 | Frequency flatness of test 0.25 0.25 Normal 1.00 1 0.25 0.25
system
Stage 1: Calibration measurement
C1-3 | Uncertainty of the network 0.30 0.30 Normal 1.00 1 0.30 0.30
analyzer
A2-5a | Mismatch of receiver chain 0.43 0.57 U-shaped 1.41 1 0.30 0.40
between receiving antenna
and measurement receiver
A2-6 Insertion loss of receiver 0.00 0.00 Rectangular 1.73 1 0.00 0.00
chain
A2-3 RF leakage (SGH connector 0.01 0.01 Normal 1.00 1 0.01 0.01
terminated & test range
antenna connector cable
terminated)
A2-7 Influence of the calibration 0.21 0.29 U-shaped 1.41 1 0.15 0.21
antenna feed cable
C1-4 | Uncertainty of the absolute 0.52 0.52 Rectangular 1.73 1 0.30 0.30
gain of the reference antenna
A2-8 Misalignment positioning 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
system
A2-1b | Misalignment and pointing 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
error of calibration antenna
(for EIRP)
A2-9 | Rotary joints 0.00 0.00 U-shaped 1.41 1 0.00 0.00
A2-2b | Standing wave between 0.09 0.09 U-shaped 1.41 1 0.06 0.06
calibration antenna and test
range antenna
A2-4b | QZ ripple experienced by 0.01 0.01 Normal 1.00 1 0.01 0.01
calibration antenna
A2-11 | Switching uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06
Combined standard uncertainty (1¢) (dB) 0.89 1.06
Expanded uncertainty (1.96c - confidence interval of 95 %) (dB) 1.74 2.07
9.2.4 One Dimensional Compact Range
9.24.1 Measurement system dESCI’IptIOﬂ

M easurement system description is captured in clause 7.4.1.

9.24.2

Test procedure

9.24.21 Stage 1: Calibration

Calibration procedure for the One Dimensional Compact Range is captured in clause 8.4.
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9.2.4.2.2 Stage 2: BS measurement
The One Dimensional Compact Range testing procedure consists of the following steps:
1) Connect the receive network of the compact probe to the measurement equipment.

2) Cadlibrate the test range, using a reference antenna with standard gain installed in the quiet zone of the probe and
measure the path |oss between reference antenna and the measurement equipment.

3) Install the BSin the quiet zone of the probe with its manufacturer declared coordinate system reference point in
the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system
orientation of the BS is set to be aligned with testing system.

4) Align with the required conformance steering directions.

5) Set the BSto transmit at maximum EIRP appropriate to conformance steering directions according to the
manufacturer declaration.

6) Measure the received power at the probe and thus the EIRP of the BS.

7) Cdculatetotal EIRP = EIRPy: + EIRP,; where the declared beam is the measured signal for any two orthogonal
polarizations (denoted pl and p2).

8) Repeat test steps 2 - 7 for all declared beams and corresponding conformance steering directions.

9243 MU value derivation, FR1

Table 9.2.4.3-1 captures the uncertainty budget contributors and table 9.2.4.3-2 captures the derivation of the expanded
measurement uncertainty values for EIRP accuracy measurements in One Dimensional Compact Range.

Table 9.2.4.3-1: One Dimensional Compact Range measurement accuracy contributors for EIRP
accuracy measurements, FR1

UID / Details in Uncertainty source
annex

Stage 2: BS measurement

Ad-1 Misalignment and pointing error of BS

Ad-2a Standing wave between BS and test range antenna

Ad-3a Quiet zone ripple experienced by BS

Ad-4a Phase curvature across the BS antenna

Ad-5a Polarization mismatch between BS and receiving antenna

Ad-6a Mutual coupling between BS and receiving antenna

C1l1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer,
power meter)

A4-7 Impedance mismatch in receiving chain

Ad-8a RF leakage (BS connector terminated and test range antenna connector cable

terminated)

Stage 1: Calibration measurement

A4-9 Misalignment positioning system

A4-10 Pointing error between reference antenna and test range antenna

A4-11 Impedance mismatch in path to reference antenna

A4-12 Impedance mismatch in path to compact probe

A4-2b Standing wave between reference antenna and receiving antenna

A4-3b Quiet zone ripple experienced by reference antenna

A4-4b Phase curvature across the reference antenna

A4-5b Polarization mismatch between reference antenna and receiving antenna

A4-6b Mutual coupling between reference antenna and receiving antenna

C1l1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer,
power meter)

A4-13 Influence of the reference antenna feed cable (flexing cables, adapters,
attenuators, connector repeatability)

Ad-14 Mismatch of receiver chain

A4-15 Insertion loss of receiver chain

C1-4 Uncertainty of the absolute gain of the reference antenna

A4-8b RF leakage (SGH connector terminated and test range antenna connector cable
terminated.
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In the legacy technical reports for BS testability (RAN4) or UE testability (RANS), the MU/TT derivation
tables were using UID as counting numbers across multiple test chambers and requirement’s clauses. In
this TR asimplified approach was taken with the UID's being the annex number of the measurement

uncertainty source description.

NOTE:
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Table 9.2.4.3-2: One Dimensional Compact Range MU value derivation for EIRP accuracy

uiD Uncertainty source Uncertainty value (dB) Distribution Divisor | c;i Standard uncertainty
of the based u; (dB)
f< 3<f< 4.2 probability on f< 3<f< | 42<f
3G 42GHz | <f< distrib 3G 42G <
Hz 6 G ution Hz Hz 6 GHz
Hz shape
Stage 2: BS measurement
A4-1 Misalignment and pointing error 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 0.00 0.00
of BS
A4-2a | Standing wave between BS and 0.18 0.18 0.18 U-shaped 1.41 1 | 0.13 0.13 0.13
test range antenna
A4-3a | Quiet zone ripple experienced by | 0.03 0.03 0.03 Gaussian 1.00 1 | 0.03 0.03 0.03
BS
A4-4a | Phase curvature across the BS 0.01 0.01 0.01 Gaussian 1.00 1 | 001 0.01 0.01
antenna
A4-5a | Polarization mismatch between 0.05 0.05 0.05 Rectangular 1.73 1 0.03 0.03 0.03
BS and receiving antenna
A4-6a | Mutual coupling between BS and 0.00 0.00 0.00 Rectangular 1.73 1 | 0.00 0.00 0.00
receiving antenna
Ci1-1 Uncertainty of the RF power 0.14 0.26 0.26 Gaussian 1.00 1 | 014 0.26 0.26
measurement equipment (e.g.
spectrum analyzer, power meter)
A4-7 Impedance mismatch in receiving | 0.01 0.01 0.01 U-shaped 1.41 1 | 0.00 0.01 0.01
chain
A4-8a | RF leakage (BS connector 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
terminated and test range
antenna connector cable
terminated)
Stage 1: Calibration measurement
A4-9 Misalignment positioning system 0.00 0.00 0.00 Exp. normal 2.00 1 | 0.00 0.00 0.00
A4-10 | Pointing error between reference 0.00 0.00 0.00 Rectangular 1.73 1 | 0.00 0.00 0.00
antenna and test range antenna
A4-11 | Impedance mismatch in path to 0.05 0.05 0.05 U-shaped 1.41 1 | 0.04 0.04 0.04
reference antenna
A4-12 | Impedance mismatch in path to 0.03 0.03 0.03 U-shaped 1.41 1 0.02 0.02 0.02
compact probe
A4-2b | Standing wave between 0.09 0.09 0.09 U-shaped 1.41 1 | 0.06 0.06 0.06
reference antenna and receiving
antenna
A4-3b | Quiet zone ripple experienced by | 0.18 0.18 0.18 Gaussian 1.00 1 | 0.18 0.18 0.18
reference antenna
A4-4b | Phase curvature across the 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
reference antenna
A4-5b | Polarization mismatch between 0.05 0.05 0.05 Rectangular 1.73 1 | 0.03 0.03 0.03
reference antenna and receiving
antenna
A4-6b | Mutual coupling between 0.00 0.00 0.00 Rectangular 1.73 1 | 0.00 0.00 0.00
reference antenna and receiving
antenna
Ci1-1 Uncertainty of the RF power 0.14 0.26 0.26 Gaussian 1.00 1 | 014 0.26 0.26
measurement equipment (e.g.
spectrum analyzer, power meter)
A4-13 | Influence of the reference 0.08 0.08 0.08 Rectangular 1.73 1 | 0.05 0.05 0.05
antenna feed cable (flexing
cables, adapters, attenuators,
connector repeatability)
A4-14 | Mismatch of receiver chain 0.20 0.30 0.30 U-shaped 1.41 1 | 014 0.21 0.21
A4-15 | Insertion loss of receiver chain 0.18 0.18 0.18 Rectangular 1.73 1 | 0.10 0.10 0.10
C1-4 | Uncertainty of the absolute gain 0.50 0.43 0.43 Rectangular 1.73 1 | 0.29 0.25 0.25
of the reference antenna
A4-8b | RF leakage (SGH connector 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
terminated and test range
antenna connector cable
terminated.
Combined standard uncertainty (1o) (dB) 0.46 0.56 0.56
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.90 1.10 1.10
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9.2.5 Near Field Test Range

9.25.1 Measurement system description

Measurement system description is captured in clause 7.5.1.
9.25.2 Test procedure

9.25.2.1 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

9.25.2.2 Stage 2: BS measurement
The Near Field Test Range testing procedure consists of the following steps:

1) BSnear field radiation pattern measurement: thisis performed with the BS transmitting a defined modul ated
signal, as defined in appropriate conformance test specification.

2) BSnear field to far field transformation: the near field power calibration is applied.

The near field to far field transformation is a mathematical computation which is applied to the near field measured
radiation pattern in order to compute the far field radiation pattern. It istypically performed expanding the measured
near field over a set of orthogonal basis functions. The near to far field transform is then performed in two steps:

1) Expansion (or projection) of the measured near field (i.e. Emeas(r)) Over aset of orthogonal basis functions (i.e.
Frasis(r)) in order to evaluate the transformed spectrum:

Emeas(r) = Spectrum * Foasis(r)

2) FF (i.e. Err) computation using the previously calculated spectrum and with the basis functions evaluated at
r>o (i.e. Fpass(r = 0)):

Err = Spectrum * Fpasis(r =2 o)

When performing the near field to far field transformation, the gain calibration is applied so that the near field pattern
will be transformed from relative power (i.e. dB) to absolute power (i.e. dBm). In this specific case, the EIRP far field
pattern is expressed in terms of the absol ute power radiated by the BS in the declared beam:

1) BSradiated transmit power: once the full 3D far field EIRP pattern has been computed, the radiated transmit
power can be derived.

9253 MU value derivation, FR1

Table 9.2.5.3-1 captures the uncertainty budget contributors and table 9.2.5.3-2 captures the derivation of the expanded
measurement uncertainty values for EIRP accuracy measurementsin Near Field Test Range.

Standard uncertainty values for the signal generator, network analyzer and reference antenna are according to the test
equipment uncertainty values, as captured in annex C.

Table 9.2.5.3-1: NFTR measurement accuracy contributors for EIRP accuracy measurements, FR1

UID / Details in annex | Uncertainty source
Stage 2: BS measurement
A3-1 Axes intersection
A3-2 Axes orthogonality
A3-3 Horizontal pointing
A3-4 Probe vertical position
A3-5 Probe horizontal/vertical pointing
A3-6 Measurement distance
A3-7 Amplitude and phase drift
A3-8 Amplitude and phase noise
A3-9 Leakage and crosstalk
A3-10 Amplitude non-linearity
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A3-11 Amplitude and phase shift in rotary joints
A3-12 Channel balance amplitude and phase
A3-13 Probe polarization amplitude and phase
A3-14 Probe pattern knowledge
A3-15 Multiple Reflections
A3-16 Room scattering
A3-17 BS support scattering
A3-18 Scan area truncation
A3-19 Sampling point offset
A3-20 Spherical mode truncation
A3-21 Positioning
A3-22 Probe array uniformity
A3-23 Mismatch of receiver chain
A3-24 Insertion loss of receiver chain
A3-25 Uncertainty of the absolute gain of the probe antenna
Cl-1 Uncertainty of the RF power measurement equipment (e.g. spectrum
analyzer, power meter)
A3-26 Measurement repeatability - positioning repeatability
A3-33 Frequency flatness of test system
Stage 1: Calibration measurement
C13 Uncertainty of the network analyzer
A3-27 Mismatch of receiver chain
A3-28 Insertion loss of receiver chain
A3-29 Mismatch in the connection of the calibration antenna
A3-30 Influence of the calibration antenna feed cable
A3-31 Influence of the probe antenna cable
Ci-4 Uncertainty of the absolute gain of the reference antenna
A3-32 Short term repeatability

NOTE: Inthelegacy technical reports for BS testability (RAN4) or UE testability (RANS), the MU/TT derivation
tables were using UID as counting numbers across multiple test chambers and requirement’s clauses. In
this TR a simplified approach was taken with the UID's being the annex number of the measurement
uncertainty source description.
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Table 9.2.5.3-2: NFTR measurement uncertainty value derivation for EIRP accuracy measurements,

FR1
uiD Uncertainty source Uncertainty value (dB) Distribution Divisor | c;i Standard uncertainty
of the based u; (dB)
f< 3<f< 42<f probability on f< 3<f< | 42<f
3G | 42GHz < distrib 3G 42G <
Hz 6 GHz ution Hz Hz 6 GHz
shape
Stage 2: BS measurement
A3-1 | Axes intersection 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-2 | Axes orthogonality 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-3 Horizontal pointing 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-4 | Probe vertical position 0.00 0.00 0.00 Gaussian 1.00 1 ] 0.00 0.00 0.00
A3-5 Probe horizontal/vertical 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
pointing
A3-6 Measurement distance 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-7 | Amplitude and phase drift 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-8 | Amplitude and phase noise 0.02 0.02 0.02 Gaussian 1.00 1 | 0.02 0.02 0.02
A3-9 Leakage and crosstalk 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-10 | Amplitude non-linearity 0.04 0.04 0.04 Gaussian 1.00 1 | 0.04 0.04 0.04
A3-11 | Amplitude and phase shift in 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
rotary joints
A3-12 | Channel balance amplitude and | 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
phase
A3-13 | Probe polarization amplitude 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
and phase
A3-14 | Probe pattern knowledge 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-15 | Multiple reflections 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-16 | Room scattering 0.09 0.09 0.09 Gaussian 1.00 1 | 0.09 0.09 0.09
A3-17 | BS support scattering 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-18 | Scan area truncation 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-19 | Sampling point offset 0.01 0.01 0.01 Gaussian 1.00 1 | 0.01 0.01 0.01
A3-20 | Spherical mode truncation 0.02 0.02 0.02 Gaussian 1.00 1 | 0.02 0.02 0.02
A3-21 | Positioning 0.03 0.03 0.03 Rectangular 1.73 1 | 0.02 0.02 0.02
A3-22 | Probe array uniformity 0.06 0.06 0.06 Gaussian 1.00 1 | 0.06 0.06 0.06
A3-23 | Mismatch of receiver chain 0.28 0.28 0.28 U-Shaped 1.41 1 | 0.20 0.20 0.20
A3-24 | Insertion loss of receiver chain 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-25 | Uncertainty of the absolute gain | 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
of the probe antenna
C1l-1 Uncertainty of the RF power 0.14 0.26 0.26 Gaussian 1.00 1 0.14 0.26 0.26
measurement equipment (e.g.
spectrum analyzer, power
meter)
A3-26 | Measurement repeatability - 0.15 0.15 0.15 Gaussian 1.00 1 | 0.15 0.15 0.15
positioning repeatability
A3-33 | Frequency flatness of test 0.25 0.25 0.25 Normal 1.00 1 0.25 0.25 0.25
system
Stage 1: Calibration measurement
C1-3 Uncertainty of the network 0.13 0.20 0.20 Gaussian 1.00 1 | 0.13 0.20 0.20
analyzer
A3-27 | Mismatch of receiver chain 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-28 | Insertion loss of receiver chain 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
A3-29 | Mismatch in the connection of 0.02 0.02 0.02 U-Shaped 1.41 1 0.01 0.01 0.01
the calibration antenna
A3-30 | Influence of the calibration 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
antenna feed cable
A3-31 | Influence of the probe antenna 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
cable
C1-4 | Uncertainty of the absolute gain | 0.50 0.43 0.43 Rectangular 1.73 1 | 0.29 0.25 0.25
of the reference antenna
A3-32 | Short term repeatability 0.09 0.09 0.09 Gaussian 1.00 1 | 0.09 0.09 0.09
Combined standard uncertainty (1o) (dB) 0.52 0.56 0.56
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.01 1.10 1.10
9.2.6  Plane Wave Synthesizer
9.26.1 Measurement system description

Measurement system description is captured in clause 7.6.1.
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9.2.6.2 Test procedure

9.26.2.1 Stage 1: Calibration

Cdlibration procedure for the Plane Wave Synthesizer is captured in clause 8.6 with the calibration system setup for TX
requirements depicted in figure 8.6-1.

9.2.6.2.2 Stage 2: BS measurement

The PWS testing procedure consists of the following steps:

1)

2)

3)

4)
5)

6)

Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase
center of the reference antenna A as shown in figure 7.6.1-1. The manufacturer declared coordinate system
orientation of the BSis set to be aligned with the testing system.

Set the BS to generate the tested beam with the applicable test model with the beam peak direction intended to
be the same as the testing direction.

Measure mean power (Pmess) @ the measurement equipment (such as a spectrum analyzer or power meter)
denoted in figure 7.6.1-1.

Calculate EIRP, where EIRP = Prmeas + Lc—a.

Calculate total EIRP = EIRPy; + EIRP,2 where the declared beam is the measured signal for any two orthogonal
polarizations (denoted pl and p2).

Repeat steps 2 - 5 for all conformance test beam direction pairs and test conditions.

9.26.3 MU value derivation, FR1

Table 9.2.6.3-1 captures the uncertainty budget contributors and table 9.2.6.3-2 captures the derivation of the expanded
measurement uncertainty values for EIRP accuracy measurementsin PWS.

Table 9.2.6.3-1: PWS measurement accuracy contributors for EIRP accuracy measurements, FR1

UID / Details in Uncertainty source
annex
Stage 2: BS measurement

A7-la Misalignment and pointing error of BS

Ci1-1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer,
power meter)

AT7-2a Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis)
for BS antenna

A7-3 RF leakage (calibration antenna connector terminated)

A7-4a QZ ripple experienced by BS

A7-5 Miscellaneous uncertainty

A7-14 System non-linearity

A7-13 Frequency flatness of test system

Stage 1: Calibration measurement

C1-3 Uncertainty of the network analyzer

A7-6 Mismatch (i.e. reference antenna, network analyser and reference cable)

A7-7 Insertion loss of receiver chain

A7-3 RF leakage (calibration antenna connector terminated)

A7-8 Influence of the calibration antenna feed cable

C1-4 Uncertainty of the absolute gain of the reference antenna

A7-9 Misalignment of positioning system

A7-1b Misalignment and pointing error of calibration antenna

A7-10 Rotary joints

A7-2b Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis)
for calibration antenna

A7-4b QZ ripple experienced by calibration antenna

A7-11 Switching uncertainty

A7-12 Field repeatability
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NOTE: Inthelegacy technical reports for BS testability (RAN4) or UE testability (RANS), the MU/TT derivation
tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In
this TR a simplified approach was taken with the UID's being the annex number of the measurement
uncertainty source description.

Table 9.2.6.3-2: PWS measurement uncertainty value derivation for EIRP accuracy measurements,

FR1
uID Uncertainty source Uncertainty value (dB) Distribution Divisor ¢ | Standard uncertainty
of the based u; (dB)
f< 3<f< 4.2 probability on f< 3<f< | 4.2
3G | 42GHz | <f< distribu 3G 42G | <f<
Hz 6 G tion Hz Hz 6G
Hz shape Hz
Stage 2: BS measurement
A7-1a | Misalignment and pointing error 0.10 0.10 0.10 Rectangular 1.73 1 0.06 0.06 0.06
of BS
C1-1 | Uncertainty of the RF power 0.14 0.26 0.26 Gaussian 1.00 1 0.14 0.26 0.26
measurement equipment (e.g.
spectrum analyzer, power
meter)
A7-2a | Longitudinal position uncertainty | 0.05 0.14 0.20 Rectangular 1.73 1 0.03 0.08 0.12
(i.e. standing wave and
imperfect field synthesis) for BS
antenna
A7-3 | RF leakage (calibration antenna | 0.09 0.09 0.09 Normal 1.00 1 | 0.09 0.09 0.09
connector terminated)
A7-4a | QZ ripple experienced by BS 0.42 0.43 0.57 Rectangular 1.73 1 0.24 0.25 0.33
A7-5 Miscellaneous uncertainty 0.00 0.00 0.00 Normal 1.00 1 | 0.00 0.00 0.00
A7-14 | System non-linearity 0.10 0.10 0.15 Rectangular 1.73 1 0.06 0.06 0.09
A7-13 | Frequency flatness of test 0.13 0.13 0.13 Rectangular 1.73 1 0.08 0.08 0.08
system
Stage 1: Calibration measurement
C1-3 | Uncertainty of the network 0.13 0.20 0.20 Gaussian 1.00 1 0.13 0.20 0.20
analyzer
A7-6 Mismatch (i.e. reference 0.13 0.33 0.33 U-shaped 1.41 1 0.09 0.23 0.23

antenna, network analyzer and
reference cable)

A7-7 Insertion loss of receiver chain 0.18 0.18 0.18 Rectangular 1.73 1 0.10 0.10 0.10

A7-3 RF leakage (calibration antenna | 0.09 0.09 0.09 Normal 1.00 1 0.09 0.09 0.09
connector terminated)

A7-8 Influence of the calibration 0.10 0.10 0.10 Rectangular 1.73 1 0.06 0.06 0.06
antenna feed cable

C1-4 | Uncertainty of the absolute gain 0.50 0.43 0.43 Rectangular 1.73 1 0.29 0.25 0.25
of the reference antenna

AT7-9 Misalignment of positioning 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 0.00 0.00
system

A7-1b | Misalignment and pointing error 0.05 0.05 0.05 Rectangular 1.73 1 | 0.03 0.03 0.03
of calibration antenna

A7-10 | Rotary joints 0.00 0.00 0.00 U-shaped 1.73 1 | 0.00 0.00 0.00

A7-2b | Longitudinal position uncertainty | 0.12 0.12 0.15 Rectangular 1.73 1 0.07 0.07 0.09

(i.e. standing wave and
imperfect field synthesis) for
calibration antenna

A7-4b | QZ ripple experienced by 0.20 0.20 0.20 Rectangular 1.73 1 0.12 0.12 0.12
calibration antenna

A7-11 | Switching uncertainty 0.02 0.02 0.02 Rectangular 1.73 1 0.01 0.01 0.01

A7-12 | Field repeatability 0.06 0.12 0.15 Normal 1.00 1 0.06 0.12 0.15

Combined standard uncertainty (10) (dB) 0.50 0.61 0.66

Expanded uncertainty (1.96c - confidence interval of 95 %) (dB) 0.98 1.19 1.29

9.2.7 Maximum accepted test system uncertainty

Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodol ogy referred above, the common maximum accepted test system uncertainty values for the
EIRP accuracy test can be derived from values captured in table 9.2.7-1, separately for each of the defined frequency
ranges. The common maximum accepted test system uncertainty values are applicable for all test methods addressing
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EIRP accuracy test requirement in Normal test conditions. Based on input valuesin table 9.2.7-1, the expanded
uncertainty ue (1.960 - confidence interval of 95 %) values were derived for frequency ranges as below:

For the frequency range up to 4.2 GHz (with the breakdown point at 3 GHz), the same MU values as for
E-UTRA in TS 37.145-2 [4] were adopted also for NR operation below 4.2 GHz. It is expected that the test
chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All
uncertainty factors were judged to be the same. The MU value was thus agreed to be 1.1 dB for up to 3 GHz

bands.

For the frequency range 4.2 - 6 GHz, all MU factors including instrumentation related MU were judged to be the
same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 — 6 GHz isthe same asfor 3 - 4.2 GHz. This
assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed
spectrum the MU may differ. The MU value was thus agreed to be 1.3 dB for 3—6 GHz bands. The MU in 4.2 -
6 GHz isvalid for BS designed to operate in licensed spectrum.

Based on CATR inputsin clause 9.2.3.4, for the frequency range 24.25 < f < 29.5 GHz the MU was decided to

be 1.7 dB.

Based on CATR inputsin clause 9.2.3.4, for the frequency range 37 < f < 43.5 GHz the MU was decided to be

2.0dB.

Table 9.2.7-1: OTA test system specific measurement uncertainty values for the EIRP accuracy, FR1,
Normal test conditions

Expanded uncertainty (dB)
f< 3<f< 42<f<
3 GHz 4.2 GHz 6 GHz
Indoor Anechoic Chamber 0.87 1.06 1.06
Compact Antenna Test Range 1.11 1.27 1.27
One Dimensional Compact Range Chamber 0.90 1.10 1.10
Near Field Test Range 1.01 1.10 1.10
Plane Wave Synthesizer 0.98 1.19 1.29
Common maximum accepted test system uncertainty 1.10 1.30 1.30

Table 9.2.7-2: OTA test system specific measurement uncertainty values for the EIRP accuracy, FR2,
Normal test conditions

Expanded uncertainty (dB)
2425<f< 37<f<435 | 435<f<
29.5 GHz GHz 48.2 GHz
Indoor Anechoic Chamber - - -
Compact Antenna Test Range 1.74 2.07 -
One Dimensional Compact Range Chamber - - -
Near Field Test Range - - -
Plane Wave Synthesizer - - -
Common maximum accepted test system uncertainty 1.70 2.00 2.2 (NOTE)
NOTE: MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on
MU values for lower frequency ranges). MU extrapolation approach was used instead of the
typical derivation of the Expanded MU based on the MU budget calculations, as in case of lower
frequency ranges.

An overview of the MU valuesfor al the requirementsis captured in clause 17.

9.2.8

Test Tolerance for EIRP accuracy, Normal test conditions

Considering the methodology described in clause 5.1, Test Tolerance values for EIRP were derived based on values

captured in clause 9.2.7.

The TT was decided to be the same asthe MU for EIRP accuracy in FR1.

The TT was decided to be the same asthe MU for EIRP accuracy in FR2.
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Frequency range specific Test Tolerance values for the EIRP accuracy test are defined in table 9.2.8-1.

Table 9.2.8-1: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR1

f< 3GHz<f< 42 <f<6GHz
3 GHz 4.2 GHz
Test Tolerance (dB) 1.1 1.3 1.3

Table 9.2.8-2: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR2

2425<f< 37<f< 435<f<
29.5 GHz 43.5 GHz 48.2 GHz
Test Tolerance 1.7 2.0 2.2
(dB)

An overview of the TT values for al the requirementsis captured in clause 18.

9.3 EIRP accuracy, Extreme test conditions

9.3.1 General

Clause 9.3 captures MU and TT values derivation for the EIRP accuracy directional requirement in Extreme test
conditions.

For the MU and TT values derivation for the EIRP accuracy in Normal test conditions, refer to clause 9.2. Specification
of Normal and Extreme test conditionsis captured in TS 38.141-2 [6] for NR BS (i.e. BStype 1-O and BStype 2-0),
and in TS 37.145-2 [4] for OTA AASBS.

9.3.2 Indoor Anechoic Chamber

9.3.21 Measurement system description

Measurement system description is captured in clause 7.2.2.
9.3.2.2 Test procedure

9.3.2.21 Stage 1: Calibration

Cadlibration shall be done with the same procedure asin clause 8.2 (i.e. EIRP accuracy calibration procedure for Normal
test conditions) to ensure that the SNR at the measurement egquipment input is appropriate for the measurement of the
requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement
equipment.

9.3.2.2.2 Stage 2: BS measurement

Reference |AC testing procedure in clause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test
conditions).
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9.3.23 MU value derivation, FR1

Table 9.3.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for EIRP
accuracy measurements in Extreme test conditions, FR1
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uID Uncertainty source Uncertainty value Distribution Divisor Ci Standard
(dB) of the based uncertainty u; (dB)
f< 3<f | 4.2 probability on f< 3<f | 42<
3 GHz < <fs< distributi 3 GH < f<
4.2 6G on shape z 4.2 6 GH
GHz Hz GHz z
Stage 2: BS measurement
Al-1 Positioning misalignment 0.03 0.03 | 0.03 Rectangular 1.73 1 0.02 | 0.02 0.02

between the BS and the
reference antenna
Al-2 Pointing misalignment 0.30 0.30 | 0.30 Rectangular 1.73 1 0.17 0.17 0.17
between the BS and the
receiving antenna

A1-17 | Quality of quiet zone 0.60 0.60 | 0.60 Gaussian 1.00 1 0.60 | 0.60 0.60
(extreme test conditions)
Al-4a | Polarization mismatch 0.01 0.01 | 0.01 Rectangular 1.73 1 0.01 | 0.01 | 0.01

between the BS and the
receiving antenna

Al-5a | Mutual coupling between the 0.00 0.00 | 0.00 Rectangular 1.73 1 0.00 | 0.00 | 0.00
BS and the receiving antenna

A1-6 | Phase curvature 0.05 0.05 | 0.05 Gaussian 1.00 1 0.05 | 0.05 0.05

Cl-1 Uncertainty of the RF power 0.14 0.26 | 0.26 Gaussian 1.00 1 0.14 | 0.26 0.26

measurement equipment
(e.g. spectrum analyzer,
power meter)

Al1-7 | Impedance mismatch in the 0.14 0.33 | 0.33 U-shaped 141 1 0.10 | 0.23 | 0.23
receiving chain

Al-8 Random uncertainty 0.10 0.10 | 0.10 Rectangular 1.73 1 0.06 | 0.06 0.06

A1-19 | Radome loss variation 0.40 0.40 | 0.40 Rectangular 1.73 1 0.23 | 0.23 | 0.23

Al-18 | Wet radome loss variation 0.95 0.95 | 0.95 Gaussian 1.00 1 0.95 | 0.95 | 0.95

A1-20 | Change in absorber behavior 0.10 0.10 | 0.10 Gaussian 1.00 1 0.10 | 0.10 | 0.10

A1-16 | Frequency flatness of test 0.25 0.25 | 0.25 Gaussian 1.00 1 0.25 | 0.25 | 0.25
system

Stage 1: Calibration measurement
A1-9 | Impedance mismatch 0.05 0.05 | 0.05 U-shaped 141 1 0.04 | 0.04 | 0.04
between the receiving
antenna and the network
analyzer

A1-10 | Positioning and pointing 0.01 0.01 | 0.01 Rectangular 1.73 1 0.01 | 0.01 0.01
misalignment between the
reference antenna and the
receiving antenna

Al1-11 | Impedance mismatch 0.05 0.05 | 0.05 U-shaped 141 1 0.04 | 0.04 | 0.04
between the reference
antenna and the network

analyzer.

A1-3 | Quality of quiet zone (normal 0.10 0.10 | 0.10 Gaussian 1.00 1 0.10 | 0.10 0.10
test conditions)

Al-4b | Polarization mismatch 0.01 0.01 | 0.01 Rectangular 1.73 1 0.01 | 0.01 0.01

between the reference
antenna and the receiving
antenna

A1-5b | Mutual coupling between the 0.00 0.00 | 0.00 Rectangular 1.73 1 0.00 | 0.00 | 0.00
reference antenna and the
receiving antenna

A1-6 | Phase curvature 0.05 0.05 | 0.05 Gaussian 1.00 1 0.05 | 0.05 0.05

C1-3 | Uncertainty of the network 0.13 0.20 | 0.20 Gaussian 1.00 1 0.13 | 0.20 | 0.20
analyzer

A1-12 | Influence of the reference 0.05 0.05 | 0.05 Rectangular 1.73 1 0.03 | 0.03 | 0.03
antenna feed cable

A1-13 | Reference antenna feed 0.06 0.06 | 0.06 Gaussian 1.00 1 0.06 | 0.06 0.06

cable loss measurement
uncertainty

A1-14 | Influence of the receiving 0.05 0.05 | 0.05 Rectangular 1.73 1 0.03 | 0.03 | 0.03
antenna feed cable

C1-4 | Uncertainty of the absolute 0.50 0.43 | 0.43 Rectangular 1.73 1 0.29 | 0.25 | 0.25
gain of the reference antenna

A1-15 | Uncertainty of the absolute 0.00 0.00 | 0.00 Rectangular 1.73 1 0.00 | 0.00 | 0.00
gain of the receiving antenna

Combined standard uncertainty (1¢) (dB) 1.26 | 1.29 1.29

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 246 | 253 | 2.53
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9.3.3 Compact Antenna Test Range

9.3.3.1 Measurement system description

M easurement system description for the CATR measurement in the Extreme test environment is captured in
clause 7.3.2.

9.3.3.2 Test procedure

9.3.3.2.1 Stage 1: Calibration

The CATR calibration for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and
associated MU values will scale due to the shorter wavelengths and larger relative array apertures.

Cdlibration shall be done with the same procedure shown in clause 9.2.3.2.1 (i.e. EIRP accuracy calibration procedure
for Normal test conditions) to ensure that the SNR at the measurement equipment input is appropriate for the
measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic
range of measurement equipment.

9.3.3.2.2 Stage 2: BS measurement

The CATR test setup and measurement procedures for FR2 are expected to be similar to those of FR1, although the test
chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array
apertures.

Reference procedure in clause 9.2.3.2.2 (i.e. EIRP accuracy measurement procedure for Normal test conditions).
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9.3.3.3 MU value derivation, FR1
Table 9.3.3.3-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test
conditions
uID Uncertainty source Uncertainty value Distribution Divisor | c; Standard
(dB) of the based uncertainty u; (dB)
fs 3<f 4.2 probability on fs 3<f | 42<
3G < <fs< distrib 3 GH < f<
Hz 4.2 6G ution z 4.2 6 GH
GHz Hz shape GHz z
Stage 2: BS measurement
A2-1a | Misalignment and pointing error | 0.00 | 0.00 | 0.00 Exp. normal 2.00 1 0.00 | 0.00 | 0.00
of BS (for EIRP)
C1-1 | Uncertainty of the RF power 0.14 | 0.26 | 0.26 Gaussian 1.00 1 0.14 | 0.26 | 0.26
measurement equipment (e.g.
spectrum analyzer, power
meter)
A2-2a | Standing wave between BS 0.21 | 0.21 | 0.21 U-shaped 1.41 1 0.15 | 0.15 | 0.15
and test range antenna
A2-3 | RF leakage (SGH connector 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 | 0.00 | 0.00
terminated & test range
antenna connector cable
terminated)
A2-13 | Quality of quiet zone (extreme 0.60 | 0.60 | 0.60 Gaussian 1.00 1 0.60 | 0.60 0.60
test conditions)
A2-12 | Frequency flatness of test 0.25 | 0.25 | 0.25 Gaussian 1.00 1 0.25 | 0.25 | 0.25
system
A2-14 | Wet radome loss variation 0.40 | 0.40 | 0.40 Rectangular 1.73 1 0.23 | 0.23 | 0.23
A2-15 | Radome loss variation 0.95 | 0.95 | 0.95 Gaussian 1.00 1 0.95 | 0.95 | 0.95
A2-16 | Change in absorber behavior 0.10 | 0.10 | 0.10 Gaussian 1.00 1 0.10 | 0.10 | 0.10
Stage 1: Calibration measurement
C1-3 Uncertainty of the network 0.13 | 0.20 | 0.20 Gaussian 1.00 1 0.13 | 0.20 0.00
analyzer
A2-5a | Mismatch of receiver chain 0.13 | 0.33 | 0.33 U-shaped 1.41 1 0.09 | 0.23 0.23
between receiving antenna and
measurement receiver
A2-6 Insertion loss of receiver chain 0.18 | 0.18 | 0.18 Rectangular 1.73 1 0.10 | 0.10 0.10
A2-3 | RF leakage (SGH connector 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 | 0.00 | 0.00
terminated & test range
antenna connector cable
terminated)
A2-7 Influence of the calibration 0.02 | 0.02 | 0.02 U-shaped 1.41 1 0.02 | 0.02 | 0.02
antenna feed cable
C1-4 | Uncertainty of the absolute gain | 0.50 | 0.43 | 0.43 Rectangular 1.73 1 0.29 | 0.25 | 0.25
of the reference antenna
A2-8 Misalignment positioning 0.00 | 0.00 | 0.00 Exp. normal 2.00 1 0.00 | 0.00 0.00
system
A2-1b | Misalignment and pointing error | 0.50 | 0.50 | 0.50 Exp. normal 2.00 1 0.25 | 0.25 0.25
of calibration antenna (for
EIRP)
A2-9 | Rotary joints 0.05 | 0.05 | 0.05 U-shaped 1.41 1 0.03 | 0.03 | 0.03
A2-2b | Standing wave between 0.09 | 0.09 | 0.09 U-shaped 1.41 1 0.06 | 0.06 | 0.06
calibration antenna and test
range antenna
A2-4b | QZ ripple experienced by 0.01 | 0.01 | 0.01 Gaussian 1.00 1 0.01 | 0.01 | 0.01
calibration antenna (normal test
conditions)
A2-11 | Switching uncertainty 0.26 | 0.26 | 0.26 Rectangular 1.73 1 0.15 | 0.15 | 0.15
Combined standard uncertainty (1o) (dB) 1.28 | 1.32 1.30
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 251 | 258 | 255
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Table 9.3.3.4-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test
conditions, FR2

uiD Uncertainty source Uncertainty value Distribution Divisor ¢i | Standard uncertainty
(dB) of the based u; (dB)
24.25< 37<f probability on 24.25< 37<f
f <435 distributi f <435
< GHz on shape < GHz
29.5 GH 29.5 GH
z z
Stage 2: BS measurement
A2-1a | Misalignment and pointing error 0.20 0.20 Exp. normal 2.00 1 0.10 0.10
of BS (for EIRP)
C1-1 | Uncertainty of the RF power 0.50 0.70 Gaussian 1.00 1 0.50 0.70
measurement equipment (e.g.
spectrum analyzer, power
meter) - high power
A2-2a | Standing wave between BS 0.03 0.03 U-shaped 1.41 1 0.02 0.02
and test range antenna
A2-3 RF leakage (SGH connector 0.01 0.01 Gaussian 1.00 1 0.01 0.01
terminated & test range
antenna connector cable
terminated)
A2-13 | QZ ripple with BS (extreme test 0.70 0.70 Gaussian 1.00 1 0.70 0.70
conditions)
A2-12 | Frequency flatness of test 0.25 0.25 Gaussian 1.00 1 0.25 0.25
system
A2-15 | Radome loss variation 0.50 0.50 Gaussian 1.00 1 0.50 0.50
A2-14 | Wet radome loss variation 0.90 0.90 Gaussian 1.00 1 0.90 0.90
A2-16 | Change in absorber behavior 0.50 0.50 Gaussian 1.00 1 0.50 0.50
Stage 1: Calibration measurement
C1-3 | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
analyzer
A2-5a | Mismatch of receiver chain 0.43 0.57 U-shaped 1.41 1 0.30 0.40
between receiving antenna and
measurement receiver
A2-6 Insertion loss of receiver chain 0.00 0.00 Rectangular 1.73 1 0.00 0.00
A2-3 RF leakage (SGH connector 0.01 0.01 Gaussian 1.00 1 0.01 0.01
terminated & test range
antenna connector cable
terminated)
A2-7 Influence of the calibration 0.21 0.29 U-shaped 1.41 1 0.15 0.21
antenna feed cable
C1-4 | Uncertainty of the absolute gain 0.52 0.52 Rectangular 1.73 1 0.30 0.30
of the reference antenna
A2-8 Misalignment positioning 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
system
A2-1b | Misalignment and pointing error 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
of calibration antenna (for
EIRP)
A2-9 | Rotary joints 0.00 0.00 U-shaped 1.41 1 0.00 0.00
A2-2b | Standing wave between 0.09 0.09 U-shaped 1.41 1 0.06 0.06
calibration antenna and test
range antenna
A2-4b | QZ ripple experienced by 0.01 0.01 Gaussian 1.00 1 0.01 0.01
calibration antenna (normal test
conditions)
A2-11 | Switching uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06
Combined standard uncertainty (1o) (dB) 1.56 1.66
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 3.05 3.25
9.34 Maximum accepted test system uncertainty

For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA in TS 37.145-2 [4] were adopted. It is
expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly
similar. All uncertainty factors were judged to be the same.
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For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same
asfor the 3 - 4.2 GHz range, and thus the total MU for 4.2 — 6 GHz isthe same as for 3 - 4.2 GHz. This assessment was
made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.

The MU value was thus agreed to be 2.5 dB for up to 3 GHz bands and 2.6 dB for 3 -6 GHz bands. The MU in 4.2 -
6 GHz isvalid for BS designed to operate in licensed spectrum.

For FR2, for the direct far field method the MU budget is very similar to the existing MU budget for the EIRP accuracy
requirement. However there are a number of additional sources of uncertainty due to the environmental enclosure that
need to be added to the budget. For FR2 only the CATR MU budget has been assessed however other suitable camber
types are not precluded.

Based on the above eval uation, the MU was decided to be 3.1 dB for the frequency range 24.25 < f < 29.5 GHz and 3.3
dB for the frequency range 37 < f < 43.5 GHz.

Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions are summarised
intable 9.3.4-1.

Table 9.3.4-1: Test system specific measurement uncertainty values for the EIRP accuracy in
Extreme test conditions, FR1

Expanded uncertainty ue (dB)
f< 3GHz<f< 42GHz<f<
3 GHz 4.2 GHz 6 GHz
Indoor Anechoic Chamber 2.46 2.53 2.53
Compact Antenna Test Range 2.51 2.58 2.55
Common maximum accepted test system 25 2.6 2.6
uncertainty

Table 9.3.4-2: Test system specific measurement uncertainty values for the EIRP accuracy in

Extreme test conditions, FR2

Expanded uncertainty ue (dB)
2425 < f 37 <f<435 435<f<48.2
<29.5 GHz GHz GHz
Compact Antenna Test Range 3.05 3.25 -
Common maximum accepted test system 3.1 3.3 3.5 (NOTE)
uncertainty

NOTE:

MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU
values for lower frequency ranges). MU extrapolation approach was used instead of the typical derivation
of the Expanded MU based on the MU budget calculations, as in case of lower frequency ranges.

An overview of the MU valuesfor al the requirementsis captured in clause 17.

9.3.5

Test Tolerance for EIRP accuracy, Extreme test conditions

Considering the methodology described in clause 5.1, Test Tolerance values for EIRP were derived based on values

captured in clause 9.3.4.

The TT was decided to be the same asthe MU for EIRP accuracy in FR1.

The TT was decided to be the same asthe MU for EIRP accuracy in FR2.

Frequency range specific Test Tolerance values for the EIRP accuracy test are defined in table 9.3.5-1.

Table 9.3.5-1: Test Tolerance values for the EIRP accuracy in Extreme test conditions, FR1

f< 3GHz<f< 42GHz<f<
3 GHz 4.2 GHz 6 GHz
Test Tolerance 2.5 2.6 2.6
(dB)
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Table 9.3.5-2: Test Tolerance values for the EIRP accuracy in Extreme test conditions, FR2

24.25<f 37GHz<f<435 43.5 < f < 48.2 GHz
<29.5 GHz GHz
Test Tolerance 3.1 3.3 3,5
(dB)

An overview of the TT values for al the requirementsis captured in clause 18.

9.4 OTA E-UTRA DL RS power

9.4.1 General

Clause 9.4 captures MU and TT values derivation for the OTA E-UTRA DL RS power directional regquirement.
DL RS power isan E-UTRA specific measurement applicable to the OTA AASBS, and it is defined as:

- TheDL RS power isthe resource element power of the Downlink Reference Symbol at the RIB transmitting the
DL RSfor acdl.

- Theabsolute DL RS power isindicated on the DL-SCH. The absolute accuracy is defined as the maximum
deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier.

Assuch it is an absolute power (i.e. EIRP) measurement of asingle RE.

It isassumed that the value broadcast on DL-SCH is a conducted or TRP value, since the power is measured at the
antenna connector. To facilitate efficient testing, OTA DL RS power is tested by measuring EIRP as a directional
requirement, and compared with adeclared DL RS EIRP derived from the power broadcast on the DL-SCH and the BS
directivity in the direction to be tested. Thisis sufficient to demonstrate the ability of the physical layer to deliver
accurate RS power.

Asthe requirement is based on absolute directional power the absolute level will be subject to the same calibration and
measurement errors as the EIRP measurement (in Normal test conditions). However as the measurement isfor asingle
RE it is necessary to demodulate the received signal and thisis done at the same time asthe OTA EVM test using the
"global in-channel TX test" as described in annex L of TS 38.141-2 [6] for NR.

The demodulated power accuracy test is not as accurate as the power measurement using a power meter for the EIRP
accuracy test.

The MU is calculated by using the conducted MU in the MU uncertainty budget in place of the RF measurement
equipment.

9.4.2 Indoor Anechoic Chamber

9421 Measurement system description

M easurement system description is captured in clause 7.2.1.
9.42.2 Test procedure

94221 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2 with the calibration system setup for
TX requirements depicted in figure 8.2-1.

94222 Stage 2: BS measurement

The IAC testing procedure consists of the following steps:
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1) Uningtall the reference antennaand install the BS with the manufacturer declared coordinate system reference
point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate
system orientation of the BSis set to be aligned with the testing system.

2) Set the BSto generate the tested beam with the beam peak direction intended to be the same as the testing
direction.

3) Rotate the BS to make the testing direction aligned with the direction of the receiving antenna.
4) Set the BSto transmit the test signal at the maximum power according to applicable test model.
5) Measure the Pp__rs, Which isthe measured signal power of DL RS EIRP (in the beam peak direction).
6) Calculate the EIRPp._rswith the following formula:
EIRPpL rs = PpL_rs+ L1x_ca, A—D
and
EIRPp. rs = EIRPp Rrs p1 + EIRPpL Rs p2
where the declared beam is the measured signal for any two orthogonal polarizations (denoted p1 and p2).

7) Repeat steps 2 - 6 for all conformance test beam direction pairs and test conditions.

9423 MU value derivation, FR1

Asthe DL RS power is an absolute measurement most of the uncertainties form the EIRP accuracy remain the same.
Also it can be noted that the measured signal is a wanted signal and hence will be beam formed in the same way as the
wanted signal, hence any errors which may be dependent on the beam shape will be the same as for the EIRP accuracy
measurement.
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Table 9.4.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for OTA E-
UTRA DL RS power measurement
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uID Uncertainty source Uncertainty value (dB) Distribution Divisor based | c¢; Standard uncertainty u;
of the on (dB)
f< 3<f< 42<f probability distribution f< 3<f< 42<f
3G | 42GHz | £6GHz shape 3G | 42GHz | £6GHz
Hz Hz
Stage 2: BS measurement
Al- | Positioning 0.03 0.03 0.03 Rectangular 1.73 1| 0.02 0.02 0.02

1 misalignment between
the BS and the
reference antenna

Al- | Pointing misalignment 0.30 0.30 0.30 Rectangular 1.73 1] 0.17 0.17 0.17
2 between the BS and
the receiving antenna

Al- | Quality of quiet zone 0.10 0.10 0.10 Gaussian 1.00 1] 0.10 0.10 0.10
3
Al- | Polarization mismatch 0.01 0.01 0.01 Rectangular 1.73 1] 0.01 0.01 0.01

4a | between the BS and
the receiving antenna

Al- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
5a | between the BS and
the receiving antenna

Al- | Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1] 0.05 0.05 0.05
6

C3- | DL-RS MU derived 0.41 0.56 0.56 Gaussian 1.00 1] 041 0.56 0.56
1 from conducted

specification

Al- | Impedance mismatch 0.14 0.33 0.33 U-shaped 1.41 1| 0.10 0.23 0.23
7 in the receiving chain

Al- | Random uncertainty 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
8

Stage 1: Calibration measurement

Al- | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
9 between the receiving

antenna and the

network analyzer

Al- | Positioning and 0.01 0.01 0.01 Rectangular 1.73 1] 0.01 0.01 0.01
10 | pointing misalignment
between the reference
antenna and the
receiving antenna

Al- | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
11 | between the reference
antenna and the
network analyzer.

Al- | Quality of quiet zone 0.10 0.10 0.10 Gaussian 1.00 1] 0.10 0.10 0.10
3
Al- | Polarization mismatch 0.01 0.01 0.01 Rectangular 1.73 1] 0.01 0.01 0.01

4b | between the reference
antenna and the
receiving antenna

Al- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1] 0.00 0.00 0.00
5b | between the reference
antenna and the
receiving antenna

Al- | Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1| 0.05 0.05 0.05
6
C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1] 0.13 0.20 0.20
3 network analyzer
Al- | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1] 0.038 0.03 0.03
12 | reference antenna
feed cable
Al- | Reference antenna 0.06 0.06 0.06 Gaussian 1.00 1] 0.06 0.06 0.06
13 | feed cable loss
measurement
uncertainty
Al- | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
14 | receiving antenna feed
cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1] 0.29 0.25 0.25

4 absolute gain of the
reference antenna

Al- | Uncertainty of the 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
15 | absolute gain of the
receiving antenna

Combined standard uncertainty (1o) (dB) 0.59 0.73 0.73

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.15 1.44 1.44
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9.4.3 Compact Antenna Test Range

9431 Measurement system description

Measurement system description is captured in clause 7.3.1.
9.4.3.2 Test procedure

94321 Stage 1: Calibration

ETSI TR 137 941 V16.5.0 (2023-07)

Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.4.3.2.2 Stage 2: BS measurement

The CATR testing procedure consists of the following steps:

1) Setup BSin place of SGH from calibration stage. Align BS with beam peak direction of range antenna.

2) Configure TX branch and carrier according to maximum power requirement and test configuration.

4) Set the BSto transmit the applicable test signal.

5) Measure the Pp_rsWhich isthe measured signal power of DL RS EIRP (in the beam peak direction).

6) Calculate EIRPp. rsusing the following equation:

EIRPoL Rrs px) = PoL_Rs mess + La—8.

And

EIRPoL_rs = EIRPp| Rrs p1 + EIRPp__Rrs p2 Where the declared beam is the measured signal for any two

orthogonal polarizations (denoted pl and p2).

7) Repeat steps 2-6 for all conformance test beam direction pairs and test conditions.

9.43.3 MU value derivation, FR1

Asthe DL RS power is an absolute measurement most of the uncertainties form the EIRP accuracy remain the same.
Also it can be noted that the measured signal is a wanted signal and hence will be beam formed in the same way as the
wanted signal, hence any errors which may be dependent on the beam shape will be the same as for the EIRP accuracy

measurement.
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Table 9.4.3.3-1: CATR MU value derivation for OTA E-UTRA DL RS power measurement

uiD Uncertainty source Uncertainty value (dB) Distribution Divisor Ci Standard uncertainty u;
of the based on (dB)
fs 3<fs 42<f probability distributi fs 3<fsg 42<f
3GH | 42GH < on shape 3GH | 42GH <
z z 6 GHz z z 6 GHz
Stage 2: BS measurement
A2- Misalignment and 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 0.00 0.00
la pointing error of BS (for
EIRP)
C3-1 | DL-RS MU derived from 0.41 0.56 0.56 Gaussian 1.00 1| 041 0.56 0.56
conducted specification
A2- Standing wave between 0.21 0.21 0.21 U-shaped 141 1 0.15 0.15 0.15
2a BS and test range
antenna
A2-3 | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00

connector terminated &
test range antenna
connector cable
terminated)

A2- QZ ripple experienced by | 0.09 0.09 0.09 Gaussian 1.00 1 0.09 0.09 0.09
4a BS
A2- Frequency flatness of 0.25 0.25 0.25 Gaussian 1.00 1 0.25 0.25 0.25

12 test system

Stage 1: Calibration measurement

C1-3 | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1 0.13 0.20 0.20
network analyzer
A2- Mismatch of receiver 0.13 0.33 0.33 U-shaped 1.41 1 0.09 0.23 0.23

5a chain between receiving
antenna and
measurement receiver

A2-6 | Insertion loss of receiver 0.18 0.18 0.18 Rectangular 1.73 1 0.10 0.10 0.10
chain
A2-3 | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00

connector terminated &
test range antenna
connector cable
terminated)

A2-7 | Influence of the 0.02 0.02 0.02 U-shaped 1.41 1 0.02 0.02 0.02
calibration antenna feed
cable

C1-4 | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1 0.29 0.25 0.25

absolute gain of the
reference antenna

A2-8 | Misalignment positioning 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 0.00 0.00
system
A2- Misalignment and 0.50 0.50 0.50 Exp. normal 2.00 1 0.25 0.25 0.25

1b pointing error of
calibration antenna (for

EIRP)
A2-9 | Rotary joints 0.05 0.05 0.05 U-shaped 141 1 | 0.03 0.03 0.03
A2- Standing wave between 0.09 0.09 0.09 U-shaped 141 1 0.06 0.06 0.06

2b calibration antenna and
test range antenna

A2- QZ ripple experienced by | 0.01 0.01 0.01 Gaussian 1.00 1 0.01 0.01 0.01
4b calibration antenna
A2- Switching uncertainty 0.26 0.26 0.26 Rectangular 1.73 1 0.15 0.15 0.15
11
Combined standard uncertainty (1o) (dB) 0.69 0.81 0.81
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.35 1.60 1.60

9.4.4 Near Field Test Range

9441 Measurement system description

Measurement system description is captured in clause 7.5.1.
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9.44.2 Test procedure

94421 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

9.4.4.2.2 Stage 2: BS measurement
The NFTR testing procedure consists of the following steps:

1) BSnear field radiation pattern measurement: thisis performed with the BS transmitting a defined modul ated
signal, as defined in applicable conformance test specification.

a) DL RSismeasured during near field radiation pattern measurement and used as the basis for the NF to FF
transformation.

2) BSnear field to far field transformation: the near field power calibration is applied.

The near field to far field transformation is a mathematical computation which is applied to the near field measured
radiation pattern in order to compute the far field radiation pattern. It is typically performed expanding the measured
near field over a set of orthogonal basis functions. The near to far field transform is then performed in two steps:

1) Expansion (or projection) of the measured near field (i.e. Emeas(r)) over a set of orthogonal basis functions (i.e.
Fbasis(r)) in order to evaluate the transformed spectrum:

Emeas(r) = Spectrum * Fbasis(r)

2) FF (i.e. EFF) computation using the previuody calculated spectrum and with the basis functions eval uated at
r->oo (i.e. Fhasis(r > «)):

EFF = Spectrum * Fbasis(r - «)

When performing the near field to far field transformation, the gain calibration is applied so that the near field pattern
will be transformed from relative power (i.e. dB) to absolute power (i.e. dBm). In this specific case, the EIRP far field
pattern is expressed in terms of the absolute power radiated by the BS in the declared beam:

1) DL RS power EIRP: once the full 3D far field EIRP pattern has been computed, the DL RS power EIRP can be
derived at the beam peak direction according to the declared beam direction pair.
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9.4.4.3 MU value derivation, FR1
Table 9.4.4.3-1: NFTR measurement uncertainty value derivation for OTA E-UTRA DL RS power
measurement
uiD Uncertainty source Uncertainty value Distribution | Divisor ¢i | Standard uncertainty
(dB) of the based u; (dB)
f< 3<fs< 4.2 probability on f< 3<f | 42<
3G 42G | <fg distribu 3GH < f<
Hz Hz 6G tion z 42G | 6 GH
Hz shape Hz z
Stage 2: BS measurement
A3-1 AXes intersection 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-2 Axes orthogonality 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-3 | Horizontal pointing 0.00 | 0.00 | 0.00 Gaussian 1.00 1 | 0.00 | 0.00 | 0.00
A3-4 Probe vertical position 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-5 Probe horizontal/vertical 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
pointing
A3-6 Measurement distance 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-7 Amplitude and phase 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
drift
A3-8 Amplitude and phase 0.02 0.02 0.02 Gaussian 1.00 1 0.02 0.02 0.02
noise
A3-9 Leakage and crosstalk 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-10 | Amplitude non-linearity 0.04 0.04 0.04 Gaussian 1.00 1 0.04 0.04 0.04
A3-11 | Amplitude and phase 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
shift in rotary joints
A3-12 | Channel balance 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
amplitude and phase
A3-13 | Probe polarization 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
amplitude and phase
A3-14 | Probe pattern 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
knowledge
A3-15 | Multiple reflections 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-16 | Room scattering 0.09 0.09 0.09 Gaussian 1.00 1 0.09 0.09 0.09
A3-17 BS support scattering 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-18 | Scan area truncation 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-19 | Sampling point offset 0.01 0.01 0.01 Gaussian 1.00 1 0.01 0.01 0.01
A3-20 | Spherical mode 0.02 0.02 0.02 Gaussian 1.00 1 0.02 0.02 0.02
truncation
A3-21 | Positioning 0.03 0.03 0.03 | Rectangular 1.73 1 0.02 0.02 0.02
A3-22 | Probe array uniformity 0.06 0.06 0.06 Gaussian 1.00 1 0.06 0.06 0.06
A3-23 Mismatch of receiver chain 0.28 0.28 0.28 U-Shaped 1.41 1 0.20 0.20 0.20
A3-24 Insertion loss of receiver 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
chain
A3-25 Uncertainty of the absolute 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
gain of the probe antenna
C3-1 DL-RS MU derived from 0.41 0.56 0.56 Gaussian 1.00 1 0.41 0.56 0.56
conducted specification
A3-26 Measurement repeatability 0.15 0.15 0.15 Gaussian 1.00 1 0.15 0.15 0.15
- positioning repeatability
Stage 1: Calibration measurement
C1-3 Uncertainty of the network 0.13 0.20 0.20 Gaussian 1.00 1 0.13 0.20 0.20
analyzer
A3-27 Mismatch of receiver chain 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-28 Insertion loss of receiver 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
chain
A3-29 Mismatch in the connection | 0.02 0.02 0.02 U-Shaped 1.41 1 0.01 0.01 0.01
of the calibration antenna
A3-30 Influence of the calibration 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
antenna feed cable
A3-31 Influence of the probe 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
antenna cable
Cl-4 Uncertainty of the absolute 0.50 0.43 0.43 | Rectangular 1.73 1 0.29 0.25 0.25
gain of the reference
antenna
A3-32 | Short term repeatability 0.09 0.09 0.09 Gaussian 1.00 1 0.09 0.09 0.09
Combined standard uncertainty (1¢) (dB) 0.59 0.71 0.71
Expanded uncertainty (1.96c - confidence interval of 95 %) (dB) 1.17 1.39 1.39
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9.4.5 Plane Wave Synthesizer

9.45.1 Measurement system description

Measurement system description is captured in clause 7.6.1.
9.45.2 Test procedure

94521 Stage 1: Calibration

Cdlibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.

9.45.2.2 Stage 2: BS measurement

The PWS testing procedure consists of the following steps:

ETSI TR 137 941 V16.5.0 (2023-07)

1) Setup BSin place of SGH from calibration stage. Align BS with beam peak direction of range antenna.

2) Configure TX branch and carrier according to maximum power requirement and test configuration.

3) Set the BSto transmit the applicable test signal.

4) Measure the Pp._rswhich isthe measured signal power of DL RS EIRP (in the beam peak direction).

5) Calculate EIRPo. rsusing the following equation:

EIRPoL Rrs px = PoL_Rs mess + La—c.

And

EIRPp_rs = EIRPpL Rrs p1 + EIRPpL_rs p2 Where the declared beam is the measured signal for any two

orthogonal polarizations (denoted pl and p2).

6) Repeat steps 2-5 for all conformance test beam direction pairs and test conditions.

9.45.3 MU value derivation, FR1

Asthe DL RS power is an absolute measurement most of the uncertainties form the EIRP accuracy remain the same.
Also it can be noted that the measured signal is awanted signal and hence will be beam formed in the same way as the
wanted signal, hence any errors which may be dependent on the beam shape will be the same as for the EIRP accuracy

measurement.
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Table 9.4.5.3-1: PWS MU value derivation for OTA E-UTRA DL RS power measurement
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uID Uncertainty Uncertainty value (dB) Distribution Divisor Ci Standard uncertainty u; (dB)
source of the based on
f< 3<f< 4.2 <f< | probability | distribution f< 3<fs 42<f<
3 GHz 4.2 GHz 6 GHz shape 3 GHz 4.2 GHz 6 GHz
Stage 2: BS measurement
A7- | Misalignment 0.10 0.10 0.10 Rectangular 1.73 1 0.06 0.06 0.06
la | and pointing
error of BS
C3- | DL-RS MU 0.41 0.56 0.56 Gaussian 1.00 1 0.41 0.56 0.56
1 derived from
conducted
specification
A7- | Longitudinal 0.05 0.14 0.20 Rectangular 1.73 1 0.03 0.08 0.12

2a position
uncertainty (i.e.
standing wave
and imperfect
field synthesis)
for BS antenna

A7- | RF leakage 0.09 0.09 0.09 Gaussian 1.00 1 0.09 0.09 0.09
3 (calibration
antenna
connector
terminated)
A7- | QZripple 0.42 0.43 0.57 Rectangular 1.73 1 0.24 0.25 0.33
4a | experienced by
BS
A7- | Miscellaneous 0.00 0.00 0.00 Gaussian 1.00 1 0.00 0.00 0.00
5 uncertainty
A7- | System non- 0.10 0.10 0.15 Rectangular 1.73 1 0.06 0.06 0.09
14 linearity
A7- | Frequency 0.13 0.13 0.13 Rectangular 1.73 1 0.08 0.08 0.08
13 | flatness of test
system
Stage 1: Calibration measurement
C1- | Uncertainty of 0.13 0.20 0.20 Gaussian 1.00 1 0.13 0.20 0.20
3 the network
analyzer
A7- | Mismatch (i.e. 0.13 0.33 0.33 U-shaped 141 1 0.09 0.23 0.23
6 reference
antenna,
network
analyser and
reference
cable)
A7- | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1 0.10 0.10 0.10
7 receiver chain
A7- | RF leakage 0.09 0.09 0.09 Gaussian 1.00 1 0.09 0.09 0.09
3 (calibration
antenna
connector
terminated)
A7- | Influence of the 0.10 0.10 0.10 Rectangular 1.73 1 0.06 0.06 0.06
8 calibration
antenna feed
cable
C1- | Uncertainty of 0.50 0.43 0.43 Rectangular 1.73 1 0.29 0.25 0.25
4 the absolute
gain of the
reference
antenna
A7- | Misalignment of 0.00 0.00 0.00 Exp. normal 2.00 1 0.00 0.00 0.00
9 positioning
system
A7- | Misalignment 0.05 0.05 0.05 Rectangular 1.73 1 0.03 0.03 0.03
1b | and pointing
error of
calibration
antenna
A7- | Rotary joints 0.00 0.00 0.00 U-shaped 1.73 1 0.00 0.00 0.00
10
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A7- | Longitudinal 0.12 0.12 0.15 Rectangular 1.73 1 0.07 0.07 0.09
2b | position
uncertainty (i.e.
standing wave
and imperfect
field synthesis)
for calibration

antenna
A7- | QZripple 0.20 0.20 0.20 Rectangular 1.73 1 0.12 0.12 0.12
4b experienced by
calibration
antenna
A7- | Switching 0.02 0.02 0.02 Rectangular 1.73 1 0.01 0.01 0.01
11 uncertainty
A7- | Field 0.06 0.12 0.15 Gaussian 1.00 1 0.06 0.12 0.15
12 repeatability
Combined standard uncertainty (1) (dB) 0.63 0.78 0.82
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.24 1.53 1.62

9.4.6 Maximum accepted test system uncertainty

Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodol ogy referred above, the common maximum accepted test system uncertainty values for the
OTA E-UTRA DL RS power test can be derived from values captured in table 9.4.6-1, separately for each of the
defined frequency ranges. The common maximum values are applicable for all test methods addressing OTA E-UTRA
DL RS power test requirement. Based on the input values, the expanded uncertainty ue (1.96c - confidence interval of
95 %) values were derived.

Table 9.4.6-1: Test system specific measurement uncertainty values for the OTA E-UTRA DL RS

power test
Expanded uncertainty ue (dB)
f<3 GHz 3< 42<
f<4.2 GHz f<6 GHz

Indoor Anechoic Chamber 1.15 1.44 1.44
Compact Antenna Test Range 1.35 1.60 1.60
One Dimensional Compact Range Chamber 1.17 1.39 1.39
Plane Wave Synthesizer 1.24 1.53 1.62
Common maximum accepted test system uncertainty 1.3 15 15

9.4.7 Test Tolerance for OTA E-UTRA DL RS power

The TT was decided to be the same asthe MU in FR1.

Table 9.4.7-1: Test Tolerance values for the OTA E-UTRA DL RS power

f< 3GHz<f< 42GHz<f<
3 GHz 4.2 GHz 6 GHz
Test Tolerance 1.3 15 15
(dB)

9.5 OTA output power dynamics

95.1 General

Clause 9.5 capturesMU and TT values derivation for the OTA output power dynamics directional requirement.

There are anumber of UTRA and E-UTRA dynamic power requirements, they are all relative requirements which
specify the dynamic range and step size accuracy of UTRA code domain channels and E-UTRA RE's.
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As the requirements are differential many of the measurement uncertainty values may cancel out however, in some
cases demodulated signal power level (code domain power or RE power) are compared to maximum carrier power. As
such the differential measurements may use different test equipment setting and hence not all test equipment
uncertainties are cancelled out.

In al cases the measured signal are wanted signals and will be subject to the same beam forming as the main beam.

95.2 Indoor Anechoic Chamber

9521 Measurement system description

M easurement system description is captured in clause 7.2.1.
9.5.2.2 Test procedure

95221 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2.

9.5.2.2.2 Stage 2: BS measurement

Reference | AC testing procedure in clause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test
conditions) where the appropriate measurement is.

The appropriate test parameter in steps 5 - 7 for the output power dynamics vary depending on the specific measurement
as described for the conducted measurement in TS 37.145-1 [21] in each case however the EIRP measurement is made
on both polarisations and added as follows:

ElRPress pix) = Preas px) + La—8
and
EIRPmeas = EIRPrmeas p1 + EIRPmess p2
where the declared beam is the measured signal for any two orthogonal polarizations (denoted pl and p2).

Furthermore, the measurement is performed twice; once with the BS transmitting at Praed,ceire 0N all PRBs and then a
second time with the BS transmitting on a single PRB. Both measurements are made in the same conformance direction
in the same calibrated test setup. Theratio of these two EIRP levelsis used to assess compliance for the OTA total
power dynamic range.

9.5.2.3 MU value derivation, FR1

Asthe output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out
as the same error will be applied to both of the measured OTA signals.

Thisincludes al calibration errors, misalignment errors, impedance mismatch and mutual coupling.

As the both the measured OTA signal will have the same beam pattern quiet zone errors, phase curvature errors also can
be expected to be the same for both signals.

The uncertainty budget descriptions are the same as those in clause 9.2.2.3 with the addition descriptionsin table
9.5.2.3-1.

The MU uncertainty assessment is shown in table 9.5.2.3-1, zero values have been omitted in the table for the sake of
space, but till be considered as part of the budget.

ETSI



3GPP TR 37.941 version 16.5.0 Release 16 124 ETSI TR 137 941 V16.5.0 (2023-07)

Table 9.5.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for OTA total
power dynamic range measurement

uiD Uncertainty Uncertainty value (dB) Distribution of Divisor based Ci Standard uncertainty u;
source the on distribution (dB)
f< 3<fs 42<fs probability shape f< 3<fs 42<fs
3G 4.2 GHz 6 GHz 3G 4.2 GHz 6 GHz
Hz Hz
Stage 2: BS measurement
C3-2 Total power 0.20 0.20 0.20 Gaussian 1.00 1| 0.20 0.20 0.20
dynamic range
conducted
uncertainty
Al-8 Random 0.10 0.10 0.10 Rectangular 1.73 1 | 0.06 0.06 0.06
uncertainty
Stage 1: Calibration measurement
Combined standard uncertainty (1) (dB) 0.21 0.21 0.21
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.41 0.41 0.41

The same uncertainty assessments have been carried out for the UTRA dynamic range requirements, i.e.
- Power control steps,
- Power control dynamic range,
- Total power dynamic range,
- IPDL Time mask.

In each case the uncertainty for the conducted measurement is the same as that for the conducted MU in TS 25.141 [2]
asfollows:

- Power control steps, Uncertainty of conducted measurement = 0.1 dB, Expanded OTA uncertainty = 0.15 dB.

- Power control dynamic range, Uncertainty of conducted measurement = 1.1 dB, Expanded OTA uncertainty =
1.11dB.

- Total power dynamic range, Uncertainty of conducted measurement = 0.3 dB, Expanded OTA uncertainty =
0.32 dB.

- IPDL Time mask, Uncertainty of conducted measurement = 0.7dB, Expanded OTA uncertainty = 0.71 dB.
9.5.3 Compact Antenna Test Range

9531 Measurement system description

Measurement system description is captured in clause 7.3.1.
9.5.3.2 Test procedure

9.5.3.21 Stage 1: Calibration

Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.5.3.2.2 Stage 2: BS measurement

Reference CATR measurement procedure in clause 9.2.3.2.2 where in step 6 the appropriate measurement is.

The appropriate test parameter in step 6 for the output power dynamics vary depending on the specific measurement as
described for the conducted measurement in each case however the EIRP measurement is made on both polarisations and
added asfollows:

El RPmeBSJ)(x) = Pm%SJ)(X) + La—s.
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and
EI RPmeas = EI RPmeangl + EI RPmeasJ)Z
where the declared beam is the measured signal for any two orthogonal polarizations (denoted pl and p2).

Furthermore, the measurement is performed twice; once with the BS transmitting at Praed,ceire 0N al PRBs (in case of
NR) and then a second time with the BS transmitting on a single PRB. Both measurements are made in the same
conformance direction in the same calibrated test setup. The ratio of these two EIRP levelsis used to assess compliance
for the OTA total power dynamic range.

9.5.3.3 MU value derivation, FR1

Asthe output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out
as the same error will be applied to both of the measured OTA signals.

Thisincludes all calibration errors, misalignment errors, impedance mismatch and mutual coupling.

As the both the measured OTA signal will have the same beam pattern quiet zone errors, phase curvature errors also can
be expected to be the same for both signals.

The uncertainty budget descriptions are the same as those in clause 9.2.3.2.2 with the addition descriptions in table
9.5.3.3-1.

The MU uncertainty assessment is shown in table 9.5.3.3-1, zero values have been omitted in the table for the sake of
space, but till be considered as part of the budget.

Table 9.5.3.3-1: CATR MU value derivation for OTA total power dynamic range measurement

uiD Uncertainty Uncertainty value (dB) Distribution Divisor Ci Standard uncertainty u;
source of the based on (dB)
f< 3<f< 42<f probability | distribution f< 3<f< 42<f
3GH | 42GH < shape 3GH | 42GH <
z z 6 GHz z z 6 GHz
Stage 2: BS measurement
C3-2 | Total power 0.20 0.20 0.20 Gaussian 1.00 1 0.20 0.20 0.20
dynamic range
conducted
uncertainty
Stage 1: Calibration measurement
Combined standard uncertainty (1) (dB) 0.20 0.20 0.20
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.39 0.39 0.39

The same uncertainty assessments have been carried out for the UTRA dynamic range requirements, i.e.
- Power control steps,

- Power control dynamic range,

Total power dynamic range,
- IPDL Time mask.

In each case the uncertainty for the conducted measurement is the same as that for the conducted MU in TS 25.141 [2]
asfollows:

- Power control steps: Uncertainty of conducted measurement = 0.1 dB, Expanded OTA uncertainty = 0.1 dB.

- Power control dynamic range: Uncertainty of conducted measurement = 1.1 dB, Expanded OTA uncertainty =
1.1dB.

- Total power dynamic range: Uncertainty of conducted measurement = 0.3 dB, Expanded OTA uncertainty =
0.3 dB.

- IPDL Time mask: Uncertainty of conducted measurement = 0.7 dB, Expanded OTA uncertainty = 0.7 dB.
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954 Near Field Test Range

9541 Measurement system description

Measurement system description is captured in clause 7.5.1.
9.54.2 Test procedure

95421 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

9.5.4.2.2 Stage 2: BS measurement
The NFTR measurement procedure consists of the following steps:
1) Measure full DL RS pattern according to the procedure in clause 9.4.4.2.2.

2) From the beam peak direction: Measure the appropriate test parameter as specified for the conducted
measurement. However the signal power is measured for both polarizations.

9543 MU value derivation, FR1

Asthe output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out
as the same error will be applied to both of the measured OTA signals.

The uncertainty budget descriptions are the same as those in table 9.4.4.3-1 (excluding uncertainties from the NF to FF
transformation, since the transformation is not needed) with the addition descriptionsin table 9.5.4.3-1.

The MU uncertainty assessment is shown in table 9.5.4.3-1, zero values have been omitted in the table for the sake of
space, but still be considered as part of the budget.

Table 9.5.4.3-1: NFTR MU value derivation for OTA E-UTRA total power dynamic range measurement

uID Uncertainty source Uncertainty value (dB) | Distribution Divisor Ci Standard uncertainty
of the based on u; (dB)
f<< 3<f 4.2< probability | distribution f<< 3<f 4.2<
3 GH = f< shape 3 GH = f<
z 42 G 6 GH z 42 G 6 GH
Hz z Hz z
Stage 2: BS measurement
C3-2 Total power dynamic range 0.20 0.20 0.20 Gaussian 1.00 1 0.20 0.20 0.20
conducted uncertainty

Stage 1: Calibration measurement
Combined standard uncertainty (1) (dB) 0.20 0.20 0.20
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.39 0.39 0.39

9.5.5 Plane Wave Synthesizer

9551 Measurement system description

M easurement system description is captured in clause 7.6.1.
9.55.2 Test procedure

9.55.2.1 Stage 1: Calibration

Cdlibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.
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9.55.2.2 Stage 2: BS measurement
Reference PWS measurement procedure in clause 9.2.6.2.2 where in step 4 the appropriate measurement is:

The appropriate test parameter in step 4 for the output power dynamics vary depending on the specific measurement as
described for the conducted measurement in each case however the EIRP measurement is made on both polarisations
and added as follows:

EIRPrmeas px) = Prmeas pix) + La—c.
and
EIRPmeas = EIRPrmeas p1 + EIRPmess p2
where the declared beam is the measured signal for any two orthogonal polarizations (denoted p1 and p2).

Furthermore, the measurement is performed twice; once with the BS transmitting at Praed,ceire 0N al PRBs (in case of
NR) and then a second time with the BS transmitting on a single PRB. Both measurements are made in the same
conformance direction in the same calibrated test setup. Theratio of these two EIRP levelsis used to assess compliance
for the OTA total power dynamic range.

9553 MU value derivation, FR1

Asthe output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out
as the same error will be applied to both of the measured OTA signals.

The uncertainty budget descriptions are the same as those in table 9.2.6.3-1 with the addition descriptions in table
9.5.5.3-1.

The MU uncertainty assessment is shown in table 9.5.5.3-1, zero values have been omitted in the table for the sake of
space, but still be considered as part of the budget.

Table 9.5.5.3-1: PWS MU value derivation for OTA total power dynamic range measurement

uiD Uncertainty Uncertainty value (dB) Distribution Divisor Ci Standard uncertainty u;
source of the based on (dB)
fs 3<fs< 42<f probability | distribution f< 3<fs< 42<f
3GH | 42GH < shape 3GH | 42GH <
z z 6 GHz z z 6 GHz
Stage 2: BS measurement
C3-2 | Total power 0.20 0.20 0.20 Gaussian 1.00 1 0.20 0.20 0.20
dynamic range
conducted
uncertainty
Stage 1: Calibration measurement
Combined standard uncertainty (1o) (dB) 0.20 0.20 0.20
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.39 0.39 0.39

9.5.6 Maximum accepted test system uncertainty

Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodol ogy referred above, the common maximum accepted test system uncertainty values for the
OTA output power dynamics tests can be derived from values captured in tables 9.5.6-1 to 9.5.6-5, separately for each
of the defined frequency ranges. The common maximum values are applicable for all test methods addressing certain
OTA output power dynamics test requirement. Based on the input values, the expanded uncertainty ue (1.96c -
confidence interval of 95 %) values were derived.

The output power dynamic range MU for FR1 for up to 4.2 GHz was agreed to be the same asfor eAAS WI. Itis
expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be
identical for E-UTRA and NR.
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Furthermore, for the frequency range 4.2 — 6 GHz, the chamber and instrument uncertainties are the same as those for
the frequency range 3 — 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum. The MU value

was agreed to be + 0.4 dB for all bands up to 6 GHz.

For FR2: Similarly to FR1, since the OTA output power dynamic range requirement is a relative measurement, only the
test equipment uncertainty is of importance. Based on expected test equipment uncertainty, the output power dynamic
range MU for FR2 was decided to be £ 0.4 dB (same as for FR1).

Table 9.5.6-1: Test system specific measurement uncertainty values for the OTA E-UTRA and NR
total power dynamic range test

Expanded uncertaint

Ue (dB)

uncertainty

f<3GHz 3GHz<f< 42 GHz<f<6GHz
4.2 GHz
Indoor Anechoic Chamber 0.41 0.41 0.41
Compact Antenna Test Range 0.39 0.39 0.39
Near Field Test Range 0.39 0.39 0.39
Plane Wave Synthesizer 0.39 0.39 0.39
Common maximum accepted test system 0.4 0.4 0.4

Table 9.5.6-2: Test system specific measurement uncertainty values for the UTRA inner loop power

control steps test

Expanded uncertainty ue (dB)

uncertainty

f <3 GHz 3GHz<f<42GHz | 42GHz<f<6 GHz
Indoor Anechoic Chamber 0.1 0.1 0.1
Compact Antenna Test Range 0.1 0.1 0.1
Near Field Test Range 0.1 0.1 0.1
Plane Wave Synthesizer 0.1 0.1 0.1
Common maximum accepted test system 0.1 0.1 0.1

Table 9.5.6-3: Test system specific measurement uncertainty values for the UTRA power control

dynamic range test

Expanded uncertainty ue (dB)

f<3GHz 3GHz<f< 4.2 GHz<f <6 GHz
4.2 GHz
Indoor Anechoic Chamber 1.1 1.1 1.1
Compact Antenna Test Range 1.1 1.1 1.1
Near Field Test Range 1.1 1.1 1.1
Plane Wave Synthesizer 1.1 1.1 1.1
Common maximum accepted test system 11 11 1.1
uncertainty

Table 9.5.6-4: Test system specific measurement uncertainty values for the UTRA total power
dynamic range test

Expanded uncertainty ue (dB)
f<3GHz 3GHz<f< 4.2 GHz <f <6 GHz
4.2 GHz
Indoor Anechoic Chamber 0.3 0.3 0.3
Compact Antenna Test Range 0.3 0.3 0.3
Near Field Test Range 0.3 0.3 0.3
Plane Wave Synthesizer 0.3 0.3 0.3
Common maximum accepted test system 0.3 0.3 0.3
uncertainty

ETSI



3GPP TR 37.941 version 16.5.0 Release 16 129 ETSI TR 137 941 V16.5.0 (2023-07)

Table 9.5.6-5: Test system specific measurement uncertainty values for the UTRA IPDL time mask

test
Expanded uncertainty ue (dB)
f<3GHz 3GHz<f< 4.2 GHz <f <6 GHz
4.2 GHz
Indoor Anechoic Chamber 0.7 0.7 0.7
Compact Antenna Test Range 0.7 0.7 0.7
Near Field Test Range 0.7 0.7 0.7
Plane Wave Synthesizer 0.7 0.7 0.7
Common maximum accepted test system 0.7 0.7 0.7
uncertainty

An overview of the MU values for al the requirementsis captured in clause 17.

9.5.7 Test Tolerance for OTA output power dynamics

Considering the methodology described in clause 5.1, Test Tolerance values for OTA output power dynamics were
derived based on values captured in clause 9.5.6.

The TT was decided to be the same asthe MU in FR1.

Table 9.5.7-1: Test Tolerance values for the OTA total power dynamic range, FR1

f <3 GHz 3GHz<f< 42 GHz<f<6 GHz
4.2 GHz
Test Tolerance 0.4 0.4 0.4
(dB)

Table 9.5.7-2: Test Tolerance values for the OTA total power dynamic range, FR2

2425<f | 37<f< | 435<f
< 43.5 <48.2

29.5 GH GHz GHz
z
Test Tolerance 0.4 0.4 0.4
(dB)

Table 9.5.7-3: Test Tolerance values for the UTRA inner loop power control steps

f<3GHz 3GHz<f< 4.2 GHz<f<6 GHz
4.2 GHz
Test Tolerance 0.1 0.1 0.1
(dB)

Table 9.5.7-4: Test Tolerance values for the UTRA power control dynamic range

f<3GHz 3GHz<f< 4.2 GHz<f<6 GHz
4.2 GHz
Test Tolerance 1.1 1.1 1.1
(dB)

Table 9.5.7-5: Test Tolerance values for the UTRA total power dynamic range

f <3 GHz 3GHz<f< 42 GHz<f<6 GHz
4.2 GHz
Test Tolerance 0.3 0.3 0.3
(dB)
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Table 9.5.7-6: Test Tolerance values for the UTRA IPDL time mask

f<3GHz 3GHz<f< 4.2 GHz<f<6 GHz
4.2 GHz
Test Tolerance 0.7 0.7 0.7
(dB)

An overview of the TT values for al the requirementsis captured in clause 18.

9.6 OTA transmitted signal quality: Frequency error

9.6.1 General

Clause 9.6 captures MU and TT values derivation for the OTA frequency error directional requirement.

Frequency error isthe measure of the difference between the actual BS transmit frequency and the assigned frequency.
The same source shall be used for RF frequency and data clock generation.

Frequency error is not affected by any time or frequency varying amplitude errors. It is possible that some aspects of the
OTA environment may impact the signal fidelity; for example, ripplein a quiet zone relatesto reflectionsin the
chamber and may create a frequency specific ripple. It is not expected that such effects would have any significant
impact on the frequency error Aslong as the signal islarge enough the only measurement uncertainty will be associated
with the measurement equipment. It isimportant that considering the chamber path loss and gain of the measurement
antenna and equipment, the test equipment is provided with a sufficient RX power level. As a guide, measurement
equipment vendors quote EVM accuracy down to approx. -20 dBm input power for E-UTRA signals.

Few typical BS output power levels and antenna arrangements for different BS classes are captured in table 9.6.1-1:

Table 9.6.1-1: Typical BS output power levels

BS Pout | G_AAS | L_ant d_FF FSPL G_RX P_RX
class (dBm) (dBi) (m) (m) (dB) (dBi) (dBm)
WA BS 43 17 1 13.33 60.96 9 8.04
MR BS 38 9 0.5 6.67 54.94 9 1.06
LA BS 24 5 0.2 2.67 46.98 9 -8.98

It can be seen that there is considerable margin over -20 dBm for the received power level, so it seems unlikely that this
will cause any measurement problems.

Asthe OTA test system is not expected to substantially affect the measurement accuracy for frequency error the
existing conducted MU can be used.

9.6.2 Indoor Anechoic Chamber

9.6.2.1 Measurement system description

Measurement system description is captured in clause 7.2.1.
9.6.2.2 Test procedure

9.6.2.2.1 Stage 1: Calibration

Cdlibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2.

9.6.2.2.2 Stage 2: BS measurement

Reference | AC measurement procedure in clause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test
conditions) where in steps 5 — 7 the appropriate measurement parameter is frequency error. In this case, however testing
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should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak
directions set reference direction.

9.6.2.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.
9.6.3 Compact Antenna Test Range

9.6.3.1 Measurement system description

M easurement system description is captured in clause 7.3.1.
9.6.3.2 Test procedure

9.6.3.2.1 Stage 1: Calibration

Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.6.3.2.2 Stage 2: BS measurement

Asthe frequency error is tested together with EVM, the CATR measurement procedure is same with EVM asin
clause 9.7.3. The CATR testing procedure consists of the following steps:

1) Align BS with boresight of range antenna.
2) Configure TX branch and carrier according to required test configuration.

3) Measure frequency error of each carrier arriving at the measurement equipment (such as a spectrum analyzer or
equivalent instrument).

4) Repeat steps 2 - 3 for all conformance test direction as declared by the manufacturer in TS 37.145-2 [4] or
TS38.141-2 [6].

5) Repeat steps 2 - 4 for al applicable conformance test models.

NOTE: All the discussions above are based on the measurement pre-condition of reference clock synchronized
between measurement system with RF frequency signal.

9.6.3.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.
9.6.4 Near Field Test Range

9.64.1 Measurement system description
M easurement system description is captured in clause 7.5.1.

In case of OTA Frequency Error type of measurements, NF to FF transform is not needed. Frequency Error is measured
in Near Field for the declared direction.
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9.6.4.2 Test procedure

9.6.4.2.1 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5 to ensure that the SNR at the measurement
equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range
of measurement equipment.

9.6.4.2.2 Stage 2: BS measurement

The NFTR testing procedure consists of the following steps:

Align the BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured.
Configure TX branch and carrier according to the manufacturer's declared rated output power.

Set the BS to transmit the test signal according to applicable test models.

A w dp P

Measure OTA frequency error of each carrier arriving at the measurement equipment (such as a spectrum
analyzer or equivalent instrument).

5. Repeat steps 2 - 4 for other applicable test models.

For conformance tests, the OTA frequency error shall be measured at maximum power setting.

9.6.4.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.
9.6.5 Plane Wave Synthesizer

9.6.5.1 Measurement system description

M easurement system description is captured in clause 7.6.1.
9.6.5.2 Test procedure

9.6.5.2.1 Stage 1: Calibration

Calibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.

9.6.5.2.2 Stage 2: BS measurement

Asthe frequency error is tested together with EVM, the PWS measurement procedure is same with EVM asin
clause 9.7.5. The PWS testing procedure consists of the following steps:

1) Align BSwith boresight of range antenna.
2) Configure TX branch and carrier according to required test configuration.

3) Measure frequency error of each carrier arriving at the measurement equipment (such as a spectrum analyzer or
equivalent instrument).

4) Repeat steps 2 - 3 for al conformance test direction as declared by the manufacturer in TS 37.145-2 [4] or
TS38.141-2 [6].

5) Repeat steps 2 - 4 for all applicable conformance test models.
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NOTE: All the discussions above are based on the measurement pre-condition of reference clock synchronized
between measurement system with RF frequency signal.

9.6.5.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.

9.6.6 Maximum accepted test system uncertainty
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error
measurement uncertainty. The frequency error MU is+12 Hz.

The MU for FR1 for frequency error for up to 4.2 GHz was agreed to be the same as for eAAS WI. It is expected that
the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-
UTRA and NR.

Furthermore, for the frequency range 4.2 — 6 GHz, the chamber and instrument uncertainties are the same as those for
the frequency range 3 — 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.

For FR2, similarly to FR1, aslong as the link budget is sufficient to provide asignal at the test equipment that is within
its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam
center, for aCATR, thereis sufficient link budget and thus the MU was decided based on expected test equipment
performance.

The MU vaues are + 12 Hz for frequency error.

An overview of the MU valuesfor all the requirementsis captured in clause 17.

9.6.7  Test Tolerance for frequency error

Considering the methodology described in clause 5.1, Test Tolerance values for frequency error were derived based on
values captured in clause 9.6.6.

The TT values were agreed to be the same as the MU values.

Frequency range specific Test Tolerance values for the frequency error test are defined in table 9.6.7-1.

Table 9.6.7-1: Test Tolerance values for frequency error, FR1

f< 3GHz<f< 4.2 GHz <f <6 GHz
3 GHz 4.2 GHz
Test Tolerance 12 12 12
(Hz)

Table 9.6.7-2: Test Tolerance values for frequency error, FR2

2425 < f 37 <f<435 435<f<48.2
<29.5 GHz GHz GHz
Test Tolerance (Hz) 12 12 12

Anoverview of the TT values for all the requirementsis captured in clause 18.
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9.7 OTA transmitted signal quality: EVM

9.7.1 General

Clause 9.7 captures MU and TT values derivation for the OTA EVM directional requirement.

The Error Vector Magnitude (EVM) is defined as measure of the difference between the ideal symbols and the
measured symbols after the equalization. This differenceis called the error vector. The equaliser parameters are defined
in appropriate annex of TS 37.145-2 [4], or TS 38.141-2 [6]. The EVM result is defined as the square root of the ratio of
the mean error vector power to the mean reference power expressed in percent.

Although EVM is represented as a % it can also be thought of as arelative power ratio in dBc, when looked at asa
power ratio the effect of potential amplitude errorsin the OTA chamber can be seen.

P(dBm) Wanted

e.g. 45dBc

EVM,,=10-45/20*100 = 0.56%

Noise

Freq
Figure 6.7.1-1: Example of EVM as a power ratio in dB

In the example the co-channel noiseis 45 dBc which equatesto an EVM of 0.56 %, if the measurement system were to
alter the ratio between the wanted signal and the co-channel signal then this would affect the EVM result in %.

9.7.2 Indoor Anechoic Chamber

9.7.2.1 Measurement system description

Measurement system description is captured in clause 7.2.1.
9.7.2.2 Test procedure

9.7.2.2.1 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2.

9.7.2.2.2 Stage 2: BS measurement

Reference |AC measurement procedure in clause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test
conditions) where in steps 5 - 7 measure the EVM for the applicable test case and the specific test models. In this case,
however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the
OTA peak directions set reference direction.
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9.7.2.3 MU value derivation, FR1

As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the
requirement is effectively differential and most of the OTA chamber errors will cancel out.

The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-
channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase
profile. These items are included in both the calibration error and the measurement error, as the requirement is
differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase.
The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted
signals.

Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow
beams, it may be possible that beam pointing and alignment errors could impact EVM resullts.

AsEVM isaso dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or
elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors
which do not appear in a power accuracy analysis as done for EIRP accuracy.

The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform
and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing
errors was examined considering aworst case scenario, in which variation in space of EVM is maximal due to the ideal
signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference
between array gain and element gain. Even in this circumstance, alignment errors of severa degrees would not lead to a
significant error in the measured EVM. Considering al likely chamber sizes, for E-UTRA any scattering would fall
within the cyclic prefix of the OFDM symbol and hence not cause 1Sl. Furthermore, the likely delay spread of any
scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the
scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase.
Thus it was concluded that the impact scattering within the measurement chamber would be negligible.

The uncertainty causing by power variations when measuring OTA EVM isindicated in table 9.7.2.3-1:

Table 9.7.2.3-1: IAC MU value derivation for power uncertainty aspects of OTA EVM, FR1

UID | Uncertainty | Uncertainty value (dB) | Distribution Divisor Ci Standard uncertainty u; (dB)
source of the based on
f< 3<f 42<f probability | distribution f< 3<f< 42<f<
3G < < shape 3 GHz 4.2 GHz 6 GHz
Hz 42 G 6 GHz
Hz
Stage 2: BS measurement
Al1-3 | Quality of 0.1 0.1 0.1 Gaussian 1 1 0.10 0.10 0.10
quiet zone
Al-6 | Phase 0.05 | 0.05 0.05 Gaussian 1 1 0.05 0.05 0.05
curvature
Al1-8 | Random 0.1 0.1 0.1 Rectangular 1.73 1 0.06 0.06 0.06
uncertainty
Stage 1: Calibration measurement
Combined standard uncertainty (1o) (dB) 0.13 0.13 0.13
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.25 0.25 0.25

The indoor anechoic chamber budget is carried out without consideration of the measurement equipment asthisMU is
given in %, converting to dB gives, for example:

2% is equivalent to 20*10g10(2/100) = -33.98 dB

If the unwanted signal is 0.25 dB higher than the wanted due to the test system then this will be degraded to -33.73 dB,
and

-33.73 dB isequivalent to: 100337320 *100 = 2.06 %

Additional error due to potential phase error has not been considered however the potential increase due to then OTA
test equipment is well within the contribution allowable with a1 % linear MU.
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NOTE: Anaysisof the phase uncertainties indicates that the contributions are not significant to affect the final
MU value, however if future work indicates that phase or any other errors not related to amplitude
calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.

9.7.3 Compact Antenna Test Range

9.7.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1.
9.7.3.2 Test procedure

9.7.3.2.1 Stage 1: Calibration

Cdlibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.7.3.2.2 Stage 2: BS measurement

Reference CATR measurement procedure in clause 9.2.3.2.2 where in step 6 the appropriate measurement parameter is
the EVM for the applicable test case and the specific test models. In this case, however testing should be carried out in
the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference
direction.

9.7.3.3 MU value derivation, FR1

As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the
requirement is effectively differential and most of the OTA chamber errors will cancel out.

The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-
channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase
profile. These items are included in both the calibration error and the measurement error, as the requirement is
differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase.
The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted
signals.

Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow
beams, it may be possible that beam pointing and alignment errors could impact EVM resullts.

AsEVM isalso dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or
elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors
which do not appear in a power accuracy analysis as done for EIRP accuracy.

The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform
and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing
errors was examined considering aworst case scenario, in which variation in space of EVM is maximal due to the ideal
signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference
between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a
significant error in the measured EVM. Considering al likely chamber sizes, for E-UTRA any scattering would fall
within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any
scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the
scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase.
Thus it was concluded that the impact scattering within the measurement chamber would be negligible.

The uncertainty causing by power variations when measuring OTA EVM isindicated in table 9.7.3.3-1:
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Table 9.7.3.3-1: CATR MU value derivation for power uncertainty aspects of OTA EVM, FR1

uiD Uncertainty Uncertainty value (dB) Distribution of Divisor based Ci Standard uncertainty u;
source the on distribution (dB)
f< 3<f< 42<f< probability shape f< 3<f< 42<f<
3G 4.2 GHz 6 GHz 3G 4.2 GHz 6 GHz
Hz Hz
Stage 2: BS measurement
A2-2a | Standing wave 0.21 0.21 0.21 U-shaped 1.41 1| 015 0.15 0.15
between BS
and test range
antenna
A2-4a QZ ripple 0.09 0.09 0.09 Normal 1 1 | 0.09 0.09 0.09
experienced by
BS
Stage 1: Calibration measurement
Combined standard uncertainty (1¢) (dB) 0.18 0.18 0.18
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.34 0.34 0.34

The CATR budget is carried out without consideration of the measurement equipment as thisMU is givenin %,
converting to dB gives, for example:

2% is equivalent to 20*0gi10(2/100) = -33.98 dB

If the unwanted signal is 0.35 dB higher than the wanted due to the test system then this will be degraded to -33.63 dB,
and

-33.63 dB isequivalent to: 100336320 *100 = 2.08%

Additional error due to potential phase error has not been considered however the potential increase due to then OTA
test equipment is well within the contribution allowable with a 1% linear MU.

NOTE: Anaysisof the phase uncertainties indicates that the contributions are not significant to affect the final
MU value, however if future work indicates that phase or any other errors not related to amplitude
calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.

9.7.4 Near Field Test Range

9.74.1 Measurement system description
M easurement system description is captured in clause 7.5.1.

In case of OTA EVM type of measurements, NF to FF transform is not needed. EVM is measured in Near Field for the
declared directions.

9.74.2 Test procedure

9.74.2.1 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

9.7.4.2.2 Stage 2: BS measurement

The NFTR testing procedure consists of the following steps:

Align the BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured.
Configure TX beamforming and carrier according to the manufacturer's declared rated output power.

Set the BS to transmit the test signal according to the applicable test model.

A W Dd P

Measure OTA EVM of each carrier arriving at the measurement equipment (such as a spectrum analyzer or
equivalent instrument).
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5. Repeat steps 3 - 4 for all conformance test beam direction pairs as declared by the manufacturer in TS 37.145-
2[4] or TS38.141-2 [6].
6. Repeat steps 3 - 5 for other applicable test models.

For conformance tests, EVM shall be measured at maximum and minimum power settings while frequency error, and
occupied BW at only maximum power setting.

9.74.3 MU value derivation, FR1

EVM isarelative measurement given that the wanted signal and noise signal are at the same frequency and measured at
the same time therefore most of the OTA anechoic chamber errors will cancel out.

Nearly all of uncertainty terms for the EVM measurement and EVM calibration are the same and hence EVM isa
differential or relative measurement.

Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow
beams, it may be possible that beam pointing and alignment errors could impact EVM results. The importance and
impact of such effectsislikely to be even smaller than for far field based measurements.

AsEVM isalso dependent on the phase of the calibrated path it is possible that phase ripple in the quiet zone or
elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors
which do not appear in a power accuracy analysis as done for EIRP accuracy. Analysis of the effect of such effectsis
that the effects will be even smaller than for far field based measurements.

The Near Field budget is carried out without consideration of the measurement equipment therefore the MU is given
in % and can be converted to dB, for example:

2% is equivalent to 20*0gi10(2/100) = -33.98 dB

If the unwanted signal is0.35 dB higher than the wanted due to the test system then this will be degraded to -33.63 dB,
and

-33.63 dB isequivalent to: 100336320 *100 = 2.08%

Additional error due to potential phase error has not been considered however the potential increase due to then OTA
test equipment is well within the contribution allowable with a 1% linear MU.

For Near Field Test Range a new measurement uncertainty term shall be added to the MU. Thisterm will take into
account the fact that in Near Field the phase pattern will sum up so that the signal level isincreasing while the noise
level isthe same. This MU term will only cause an error in the direction of increasing the reported EVM value and not
decreasing it, and will depend on the implementation of the BS.

NOTE: Analysisof the phase uncertainties indicates that the contributions are not significant enough to affect the
final MU value, however if future work indicates that phase or any other errors not related to amplitude
calibration may affect the EVM measurement uncertainty, the MU analysis may need to be re-examined.

9.7.5 Plane Wave Synthesizer

9.75.1 Measurement system description

Measurement system description is captured in clause 7.6.1.
9.75.2 Test procedure

9.75.2.1 Stage 1: Calibration

Cdlibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.
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9.7.5.2.2 Stage 2: BS measurement

Reference PWS measurement procedure in clause 9.4.5.2.2 where in step 4 the appropriate measurement parameter is
the EVM for the applicable test case and the specific test models. In this case, however testing should be carried out in
the OTA coverage range reference direction and OTA coverage range maximum directions.

9.75.3 MU value derivation, FR1

As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the
requirement is effectively differential and most of the OTA chamber errors will cancel out.

The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-
channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase
profile. These items are included in both the calibration error and the measurement error, as the requirement is
differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase.
The calibration errorswill cancel as calibration is only done one so they will be the same for both wanted and unwanted
signals.

Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow
beams, it may be possible that beam pointing and alignment errors could impact EVM results.

AsEVM isalso dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or
elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors
which do not appear in a power accuracy analysis as done for EIRP accuracy.

The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform
and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing
errors was examined considering aworst case scenario, in which variation in space of EVM is maximal due to the ideal
signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference
between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a
significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall
within the cyclic prefix of the OFDM symbol and hence not cause ISl. Furthermore, the likely delay spread of any
scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the
scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase.
Thus it was concluded that the impact scattering within the measurement chamber would be negligible.

The uncertainty causing by power variations when measuring OTA EVM isindicated in table 9.7.5.3-1:

Table 9.7.5.3-1: PWS MU value derivation for power uncertainty aspects of OTA EVM, FR1

uiD Uncertainty Uncertainty value (dB) Distribution Divisor based | c; Standard uncertainty u;
source of the on (dB)
f< 3<f< 42<f probability distribution f< 3<f< 42<f
3G | 42GHz | <6GHz shape 3G | 42GHz | <6GHz
Hz Hz
Stage 2: BS measurement
A7-2a | Longitudinal 0.05 0.14 0.20 Rectangular 1.73 1| 0.03 0.08 0.12
position uncertainty
(i.e. standing wave
and imperfect field
synthesis) for BS
antenna
A7-4a QZ ripple 0.42 0.43 0.57 Rectangular 1.73 1| 024 0.25 0.33
experienced by BS
Stage 1: Calibration measurement
Combined standard uncertainty (1o) (dB) 0.24 0.26 0.35
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.48 0.51 0.68

The PWS budget is carried out without consideration of the measurement equipment asthis MU is given in %,
converting to dB gives, for example:

2% is equivalent to 20*logi0(2/100) = -33.98 dB

If the unwanted signal is 0.5 dB higher than the wanted due to the test system then this will be degraded to -33.48 dB,
and
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-33.48 dB isequivalent to: 100334820 *100 = 2.12%

Additional error due to potential phase error has not been considered however the potential increase due to then OTA
test equipment is well within the contribution allowable with a 1% linear MU.

NOTE: Anaysisof the phase uncertainties indicates that the contributions are not significant to affect the final
MU value, however if future work indicates that phase or any other errors not related to amplitude
calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.

9.7.6 Maximum accepted test system uncertainty

Without consideration of any phase uncertainty, the amplitude error analysis shows the conducted MU of 1% can be
maintained for the OTA MU (subject to the clarification noted in the limitations clause that the reported EVM may be
greater than the real EVM due to the difference between near field and far field EVM values. The extent of such a
difference is dependent on the architecture of the BS).

NOTE: Anaysisof the phase uncertainties indicates that the contributions are not significant to affect the final
MU value, however if future work indicates that phase or any other errors not related to amplitude
calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.

The MU for FR1 for EVM below 4.2 GHz was agreed to be the same asfor eAAS WI. It is expected that the
measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA
and NR.

Furthermore, for the frequency range 4.2 — 6 GHz, the chamber and instrument uncertainties are the same as those for
the frequency range 3 — 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.

For FR2, similarly to FR1, aslong as the link budget is sufficient to provide asignal at the test equipment that is within
its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam
center, for aCATR, thereis sufficient link budget and thus the MU was decided based on expected test equipment
performance.

The MU values are 1% for EVM.

An overview of the MU values for al the requirementsis captured in clause 17.

9.7.7 Test Tolerance for EVM

Considering the methodology described in clause 5.1, Test Tolerance values for EVM were derived based on values
captured in clause 9.7.6.

The TT values were agreed to be the same as the MU values.

Frequency range specific Test Tolerance values for the EVM test are defined in table 9.7.7-1.

Table 9.7.7-1: Test Tolerance values for EVM, FR1

f< 3GHz<f< 4.2 GHz<f <6 GHz
3 GHz 4.2 GHz
Test Tolerance 1 1 1
(%)

Table 9.7.7-2: Test Tolerance values for EVM, FR2

24.25<f< 37<f<435 43.5<f<48.2
29.5 GHz GHz GHz
Test Tolerance (%) 1 1 1

An overview of the TT values for al the requirementsis captured in clause 18.
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9.8 OTA transmitted signal quality: TAE

9.8.1 General

Clause 9.8 captures MU and TT values derivation for the OTA TAE directional requirement.

TAE isthe timing difference between 2 modulated signals, either TX diversity, MIMO or CA carriers. Conducted TAE
is measured as follows:

X1 Mea_surement
BS Under TX2 Equipment
TX test TX3
X4 Termination
Termination

Figure 9.8.1-1: Conducted TAE measurement set up

As the conducted signals are combined before being input to the test equipment the OTA test is simple to implement.

AAS BS Under %
TX test m’ Measurement

Equipment

Figure 9.8.1-2: OTA TAE measurement set up

The OTA signals are both transmitted from the BS and added at the test receive antenna. Asthe test paths for the 2
signals are identical there are no additional timing errors added to the test system compared to the conducted test
system.

Asthe TAE requirement is a measure of timing differenceit is not affected by the accuracy of the test system amplitude
calibration and measurement uncertainties.

Aslong as the signals fed into the measurement equipment are of a sufficient amplitude then the only measurement
uncertainty will be that of the measurement equipment itself.

The measurement equipment requires alevel of > -20 dBm to accurately carry out the TAE.

Asthe requirement is done for the wanted beam at full power, even for low power BSit is not anticipated the received
test signal will be lower than -10 dBm.

There may be atiny impact to signal fidelity due to scattering in the chamber, however this will be insignificant and is
not expected to impact TAE.

Asthe OTA test system does not affect the measurement accuracy for TAE the existing conducted MU can be used.
9.8.2 Indoor Anechoic Chamber

9.8.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1.
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9.8.2.2 Test procedure

9.8.2.2.1 Stage 1: Calibration

Cdlibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2.

9.8.2.2.2 Stage 2: BS measurement

Reference |AC measurement procedure in clause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test
conditions) where in steps 5 - 7 the appropriate measurement parameter is TAE. In this case, however testing should be
carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set
reference direction.

9.8.2.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.
9.8.3 Compact Antenna Test Range

9.8.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1.
9.8.3.2 Test procedure

9.8.3.2.1 Stage 1: Calibration

Cdlibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.8.3.2.2 Stage 2: BS measurement

Reference CATR measurement procedure in clause 9.2.3.2.2 wherein steps 4 - 6 the appropriate measurement
parameter is TAE. In this case, however testing should be carried out in the OTA conformance reference direction, not
the beam peak direction of the OTA peak directions set reference direction.

The testing procedure consists of the following steps:
1) Align BS with boresight of the range antenna.
2) Configure BSto transmit signals carrying reference signals. All beams must be pointed at the same direction.

NOTE: Thetransmitted signals should represent the beam configuration with the lowest number of beams. Each
beam should be identifiable using a reference signal.

- For aBSdeclared to be capable of single carrier operation only, set BS to transmit according to rated beam
EIRP level.

- If the BS supports intra band contiguous or non-contiguous Carrier Aggregation, set BS to transmit using the
applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AASBS, or in
TS 38.141-2 [6] for NR BS.

- If the BS supportsinter band carrier aggregation, set BS to transmit, for each band, asingle carrier or all
carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4]
for AASBS, orin TS 38.141-2 [6] for NR BS.

3) Measure TAE between the reference signal's with signal/spectrum analyser or equivalent equipment.

ETSI



3GPP TR 37.941 version 16.5.0 Release 16 143 ETSI TR 137 941 V16.5.0 (2023-07)

9.8.3.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.
9.8.4 Near Field Test Range

9.84.1 Measurement system description
Measurement system description is captured in clause 7.5.1.

In case of OTA TAE type of measurements, NF to FF transform is not needed. TAE is measured in Near Field for the
declared direction.

9.8.4.2 Test procedure

9.8.4.21 Stage 1: Calibration

Calibration procedure for the Near Field Test Range is captured in clause 8.5.

9.8.4.2.2 Stage 2: BS measurement

The NFTR testing procedure consists of the following steps:
1) Alignthe BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured
2) Configure BSto transmit signals carrying reference signals. All beams must be pointed at the same direction.

NOTE: Thetransmitted signals should represent the beam configuration with the lowest number of beams. Each
beam should be identifiable using a reference signal.

- For aBSdeclared to be capable of single carrier operation only, set BS to transmit according to rated beam EIRP
level.

- If the BS supports intra band contiguous or non-contiguous Carrier Aggregation, set BS to transmit using the
applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AASBS, or in
TS 38.141-2 [6] for NR BS.

- If the BS supports inter band carrier aggregation, set BS to transmit, for each band, asingle carrier or al carriers,
using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS
BS, orin TS 38.141-2 [6] for NR BS.

3) Measure the TAE between the reference signals with signal/spectrum analyser or equivalent equipment.

9.8.4.3 MU value derivation
Refer to clause 9.8.3.3 for the OTA TAE measurement in CATR.

9.8.4A Plane Wave Synthesizer

9.8.4A.1 Measurement system description

Measurement system description is captured in clause 7.6.
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9.8.4A.2 Test procedure

9.8.4A.2.1 Stage 1: Calibration

Cdlibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.

9.8.4A.2.2 Stage 2: BS measurement

Reference PWS measurement procedure in clause 9.2.6.2.2 where in steps 3 - 5 the appropriate measurement parameter
isTAE. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam
peak direction of the OTA peak directions set reference direction.

The testing procedure consists of the following steps:
1) Align BS with boresight of the range antenna.
2) Configure BSto transmit signals carrying reference signals. All beams must be pointed at the same direction.

NOTE: Thetransmitted signals should represent the beam configuration with the lowest number of beams. Each
beam should be identifiable using a reference signal.

- For aBSdeclared to be capable of single carrier operation only, set BS to transmit according to rated beam
EIRP level.

- If the BS supports intra band contiguous or non-contiguous Carrier Aggregation, set BS to transmit using the
applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AASBS, or in
TS 38.141-2 [6] for NR BS.

- If the BS supports inter band carrier aggregation, set BS to transmit, for each band, asingle carrier or al
carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4]
for AASBS, orin TS 38.141-2 [6] for NR BS.

3) Measure TAE between the reference signal's with signal/spectrum analyser or equivalent equipment.

9.8.4A.3 MU value derivation
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE
measurement uncertainty.

The conducted MU value is adopted for the OTA MU.

9.8.5 Maximum accepted test system uncertainty
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.

Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE
measurement uncertainty.

The conducted MU value is adopted for the OTA MU, and is+25 ns.

The MU for FR1 for TAE up to 4.2 GHz was agreed to be the same as for eAAS WI. It is expected that the
measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA
and NR.

Furthermore, for the frequency range 4.2 — 6 GHz, the chamber and instrument uncertainties are the same as those for
the frequency range 3 — 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.

For FR2, similarly to FR1, aslong as the link budget is sufficient to provide asignal at the test equipment that is within
its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam
center, for aCATR, thereis sufficient link budget and thus the MU was decided based on expected test equipment
performance.
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The MU values are 25 ns for time alignment error.

An overview of the MU values for al the requirementsis captured in clause 17.

90.8.6 Test Tolerance for TAE

Considering the methodology described in clause 5.1, Test Tolerance values for TAE were derived based on values
captured in clause 9.8.5.

The TT values were agreed to be the same as the MU values.
Frequency range specific Test Tolerance values for the TAE test are defined in table 9.8.6-1 and 9.8.6-2.

Table 9.8.6-1: Test Tolerance values for TAE, FR1

f<3GHz 3GHz<f< 4.2 GHz<f <6 GHz
4.2 GHz
Test Tolerance 25 25 25
(ns)

Table 9.8.6-2: Test Tolerance values for TAE, FR2

2425 < f 37 <f<43.5 GHz 435<f<48.2
<29.5 GHz GHz
Test Tolerance (ns) 25 25 25

An overview of the TT values for al the requirementsis captured in clause 18.

9.9 OTA occupied bandwidth

9.9.1 General

Clause 9.9 captures MU and TT values derivation for the OTA occupied bandwidth directional requirement.

It is defined as the occupied bandwidth is the width of afrequency band such that, below the lower and above the upper
frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted
power.

Occupied BW is specified in Hz.

It is measured by taking a number of narrow band power measurements across the modulated BW and finding the half
power level and hence the frequency points which correspond to the half power level. The measurement is effectively a
differential measurement as total power and hence half power is found from the measured data.

The only effect the measurement chamber would have on the accuracy of the measurement were if the frequency
response of the chamber were not flat, however a40 MHz BW is unlikely to introduce any significant frequency ripple
in a RF chamber (40 MHz is 4% of 1 GHz) so this effect can be ignored.

Thelargest error it is due to the number of measurement points taken, looking at the gap between points compared to
the conducted MU:
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Table 9.9.1-1: Occupied BW conducted MU

Channel bandwidth BWchannel 0.2 14 3 5 10 15 20 >20
(MHz)

Span (MHz) 0.4 10 10 10 20 30 40 2X BWgrg ca
Minimum number of 400 | 1429 | 667 400 400 400 | 400 2% BW.
measurement points Channdl_CA

100kHz
Gap between samples (MHz) 0.001 | 0.01 | 0.01 | 0.025 | 0.05 | 0.075 | 0.1 0.1
Conducted MU (MHz) 0.03 | 0.03 0.1 0.1 0.3 0.3 0.3

The MU is 3 to 4 time larger than the distance between the measurement points. Which allows the estimation of the 3dB
point to be 1.5 to 2 steps out on each side of the modulated band width.

Asthe OTA system will not introduce any additional frequency error and it will not introduce any additional differential
amplitude error, the MU for the OTA measurement should be the same as for the conducted requirement.

It should be noted that the signal power level at the bandwidth edge required for meeting the OBW requirement isin
general at least 20dB higher than the level that is required to meet unwanted emissions requirements. Thus there is very
substantial room to accommodate measurement uncertainty for the OBW requirement.

9.9.2 Indoor Anechoic Chamber

9.9.2.1 Measurement system description

Measurement system description is captured in clause 7.2.1.
9.9.2.2 Test procedure

9.9.221 Stage 1: Calibration

Cdlibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2.

9.9.2.2.2 Stage 2: BS measurement

Reference IAC procedure in clause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test conditions)
wherein step 5 - 7 the appropriate measurements needed for calculating occupied bandwidth.

9923 MU value derivation

The MU value is the same as the conducted value given in table 9.9.1-1.
9.9.3 Compact Antenna Test Range

9.93.1 Measurement system description

M easurement system description is captured in clause 7.3.1.
9.9.3.2 Test procedure

9.9.3.21 Stage 1: Calibration

Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.9.3.2.2 Stage 2: BS measurement

The CATR testing procedure consists of the following steps:
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1) Configure transmitter according to the manufacturer's declared EIRP at rated TRP.
2) Set the BSto transmit the test signal according to applicable test model for the tested carrier BW.

3) Align BS such that beam peak direction of probe antennais aligned with the reference direction within the OTA
coverage range.

4) Measurethe OTA occupied BW for asingle carrier positioned at M channel.

9.9.33 MU value derivation

The MU value is the same as the conducted value given in table 9.9.1-1.

994 Near Field Test Range

9941 Measurement system description
Measurement system description is captured in clause 7.5.1.

In case of OTA occupied BW type of measurements, NF to FF transform is not needed. Occupied BW is measured in
Near Field for the declared direction.

9.9.4.2 Test procedure

99421 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

9.9.4.2.2 Stage 2: BS measurement

The NFTR testing procedure consists of the following steps:
1) Alignthe BS with (Theta, Phi) angles corresponding to the declared beam peak direction to be measured.
2) Configure TX branch and carrier according to the manufacturer's declared rated output power.
3) Set the BSto transmit the test signal according to the applicable test model.

4) Measure OTA occupied BW of each carrier arriving at the measurement equipment (such as a spectrum analyzer
or equivalent instrument).

5) Repeat steps 3 - 4 for other applicable test models.

For conformance tests, the OTA occupied BW shall be measured at maximum power setting.

9.94.3 MU value derivation

The MU value is the same as the conducted value given in table 9.9.1-1.
9.9.5 Plane Wave Synthesizer

9.95.1 Measurement system description

Measurement system description is captured in clause 7.6.1.
9.9.5.2 Test procedure

99521 Stage 1: Calibration

Cdlibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.
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9.9.5.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:
1) Configure transmitter according to the manufacturer's declared EIRP at rated TRP.
2) Set the BSto transmit the test signal according to applicable test model for the tested carrier BW.

3) Align BS such that beam peak direction of probe antennais aligned with the reference direction within the OTA
coverage range.

4) Measure the OTA occupied BW for asingle carrier positioned at M channel.

9953 MU value derivation

The MU value is the same as the conducted value given in table 9.9.1-1.

9.9.6 Maximum accepted test system uncertainty

For E-UTRA, the OTA occupied BW MU isthe same as the conducted MU and is as follows:
- 1.4 MHz, 3MHz Channel BW: 30 kHz
- 5MHz, 10 MHz Channel BW: 100 kHz
- 15 MHz, >20 MHz: Channel BW: 300 kHz

For NR in FR1, the MU for the OTA occupied bandwidth depends on the roll-off of the transmitted signal and the
instrument MU, not on the OTA chamber related MU. In principle, the occupied bandwidth MU was agreed to be the
same as for E-UTRA. However NR coverslarger BS channel bandwidths than E-UTRA, and thus additional MU
relating to larger channel bandwidths were estimated. The MU was decided based on the density of power
measurements within the channel bandwidth and the expected test instrument performance.

For NRin FR1, the MU was agreed to be:
+ 100 kHz for BS channel bandwidths up to 10 MHz,
+ 300 kHz for 10 MHz < BS channel bandwidth < 50 MHz, and
+ 300 kHz for 50 MHz < BS channel bandwidths < 100 MHz.
For NR in FR2, based on expected test equipment performance, the MU for occupied bandwidth was decided to be:
* 600 kHz (same as for FR1 for channel bandwidths greater than 50 MHz).

For NR in FR2, similarly to FR1, aslong as the link budget is sufficient to provide asignal at the test equipment that is
within its operating range, then the occupied bandwidth MU depends only on the test equipment MU. In the beam
center, for aCATR, thereis sufficient link budget and thus the MU was decided based on expected test equipment
performance, considering the agreed density of power measurements in the frequency domain.

An overview of the MU values for al the requirementsis captured in clause 17.

9.9.7  Test Tolerance for OTA occupied bandwidth

Considering the methodology described in clause 5.1, Test Tolerance values for OTA occupied bandwidth were derived
based on values captured in clause 9.9.6.

For NRin FR1 aswell asin FR2, the TT value was agreed to be 0 Hz.

Frequency range specific Test Tolerance values for the OTA occupied bandwidth test are defined in tables 9.9.7-1 and
9.9.7-2.
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Table 9.9.7-1: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR1

f<3GHz 3GHz<f< 4.2 GHz<f<6 GHz
4.2 GHz
Test Tolerance 0 0 0
(Hz)

Table 9.9.7-2: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR2

2425 <f 37 <f<43.5GHz 43.5<f<48.2
<29.5 GHz GHz
Test Tolerance (Hz) 0 0 0

An overview of the TT values for al the requirementsis captured in clause 18.

9.10 OTA TX OFF power and transmitter transient period

9.10.1 General

Clause 9.10 captures MU and TT values derivation for the OTA TX OFF power and transmitter transient period
directional requirementsin FR2.

This clause is only applicable to the NR operation in FR2.
OTA TX OFF power and transmitter transient period for FR1 is a co-location requirement is and captured in
clause 10.6.2.

9.10.2 Compact Antenna Test Range

9.10.2.1 Measurement system description

The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if
suitable MU assessment is done.

Measurement system description is captured in clause 7.3.1.
9.10.2.2 Test procedure

9.10.2.2.1 Stage 1: Calibration

Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

9.10.2.2.2 Stage 2: BS measurement

NOTE: CATR-specific test procedure was not provided at the time of creation of this TR. Refer appropriate test
procedure for BStype 2-O in TS 38.141-2, clause 6.5.2.4.2.1 with FR2 specific procedure stepsin
TS 38.141-2, clause 6.5.2.4.2.3.

9.10.2.3 MU value derivation, FR2

The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if
suitable MU assessment is done.

The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1,
although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger
relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed,
calibration of the spectrum analyzer may be needed.
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Table 9.10.2.3-1: CATR uncertainty assessment for EIRP measurements for transmitter OFF power
and transmitter transient period

uib Uncertainty source Uncertainty value Distribution of Divisor based Ci Standard uncertainty
the probability | on distribution u; (dB)
2425 <f 37<f shape 2425 <f 37 <f
<29.5GHz <435 <29.5GHz <435
GHz GHz
Stage 2: BS measurement
A2- | Misalignment and pointing 0.20 0.20 Exp. normal 2.00 1 0.10 0.10
la | error of BS (for EIRP)
C1- | Uncertainty of the RF 1.25 1.45 Gaussian 1.00 1 1.25 1.45

9 power measurement
equipment standard
uncertainty ¢ (dB) of the
absolute level for a time
domain wideband
measurement for FR2

A2- | Standing wave between 0.03 0.03 U-shaped 1.41 1 0.02 0.02
2a | BS and test range

antenna
A2- | RF leakage (SGH 0.01 0.01 Gaussian 1.00 1 0.01 0.01

3 connector terminated &
test range antenna
connector cable
terminated)

A2- | QZ ripple experienced by 0.40 0.40 Gaussian 1.00 1 0.40 0.40
4a | BS
A2- | Frequency flatness of test 0.25 0.25 Gaussian 1.00 1 0.25 0.25
12 | system
Stage 1: Calibration measurement
C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 analyzer
A2- | Mismatch of receiver 0.72 0.72 U-shaped 141 1 0.51 0.51
5b | chain for low power
receiver

A2- | Insertion loss of receiver 0.00 0.00 Rectangular 1.73 1 0.00 0.00
6 chain
A2- | RF leakage (SGH 0.01 0.01 Gaussian 1.00 1 0.01 0.01

3 connector terminated &
test range antenna
connector cable
terminated)

A2- | Influence of the calibration 0.21 0.29 U-shaped 1.41 1 0.15 0.21
7 antenna feed cable
C1- | Uncertainty of the 0.52 0.52 Rectangular 1.73 1 0.30 0.30

4 absolute gain of the
reference antenna

A2- | Misalignment positioning 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
8 system
A2- | Misalignment and pointing 0.00 0.00 Exp. normal 2.00 1 0.00 0.00

1b | error of calibration
antenna (for EIRP)

A2- | Rotary joints 0.00 0.00 U-shaped 141 1 0.00 0.00
9
A2- | Standing wave between 0.09 0.09 U-shaped 1.41 1 0.06 0.06

2b | calibration antenna and
test range antenna

A2- | QZ ripple experienced by 0.01 0.01 Gaussian 1.00 1 0.01 0.01
4b | calibration antenna
A2- | Switching uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06
11
Combined standard uncertainty (1o) (dB) 1.50 1.68
Expanded uncertainty (1.960 — confidence interval of 95 %) (dB) 2.95 3.29

9.10.3 Maximum accepted test system uncertainty

The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if
suitable MU assessment is done.
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Table 9.10.3-1: Maximum accepted test system uncertainty values for the EIRP accuracy, FR2

24.25<f< 37<f<435 | 435<f<48.2
29.5 GHz GHz GHz
Maximum accepted test system uncertainty 29 3.3 3.6 (NOTE)
(dB)

NOTE: MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based
on MU values for lower frequency ranges). MU extrapolation approach was used instead of the
typical derivation of the Expanded MU based on the MU budget calculations, as in case of
lower frequency ranges.

9.10.4 Test Tolerance for OTA TX OFF power and transmitter transient
period

Considering the methodology described in clause 5.1, Test Tolerance values for OTA TX OFF power and transmitter
transient period were derived based on values captured in clause 9.10.3.

TheTT value was agreed to be the same as the MU.

Frequency range specific Test Tolerance values for the OTA TX OFF power and transmitter transient period test are
defined in table 9.10.4-1.

Table 9.10.4-1: Test Tolerance values for the EIRP accuracy, FR2

24.25 <f<29.5 GHz 37 <f<43.5GHz 43.5 <f<48.2 GHz
Test Tolerance (dB) 2.9 3.3 3.6

Anoverview of the TT values for all the requirementsis captured in clause 18.

10 RX directional requirements

10.1 General

RX in-band directional requirements all use a wanted signal at a specified EIS power level and throughput/BER quality
metric. Requirements which also include an in-band interferer have the wanted signal and the interferer coming from
the same direction within the specified ROAOA.

For simplicity since OTA requirements do not all use the same RAT-specific test models nor the same reference
measurement channels, the OTA test procedures have been kept general by using "applicable test signal” and
"applicable reference measurement channel” where the RAT-specific test model and reference measurement channels
can be found in AAS BS or NR BStest specifications TS 37.145-2 [4] and TS 38.141-2 [6].

NOTE 1: All the calibration and test procedures are valid for FR1 as well as FR2, unless otherwise stated.
NOTE 2: All the MU and TT values derivations are valid for Normal test conditions, unless otherwise stated.

For wanted signal frequency above 4.2 GHz in FR1 (4.2 GHz < f < 6 GH2), it has been agreed that MU are obtained as:

MUgis42-661z =

2 — 2 2 _ 2 2
\/MUEIS3—4.ZGHZ MUTestEquipment3 —4.2GHz + MUTestEquipment4.2—6GHz MUMatching3—4.ZGHz + MUMatching4-.2—6GHz

MU congucteawanteds.2—66Hz =

2 _ 2 2 _ 2 2
\/MUconductedwantedS—4.2GHZ MUTeStEquipment3—4.2GHz + MUTestEquipment4.2—6GHz MUMatching3—4.2GHz + MUMatching4.2—6GH:

MU conauctedintaz—66Hz =

2 _ 2 2 _ 2 2
\/MUconductedintS—4.2GHz MUTestEquipment3—4.2GHz + MUTeStEquipment4.2—6GHz MUMatching3—4.2GHz + MUMatching4.2—6GHz
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With
MUTestEquipment4.2—6GHz(1-960) = 1.96 x 0.58
And

MUmatchings2-6612(1.960) = 1.96 X 0.28

10.2  OTA sensitivity

10.2.1 General

Clause 10.2 captures MU and TT values derivation for the OTA sensitivity directional requirement.

10.2.2 Indoor Anechoic Chamber

10.2.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1.
10.2.2.2 Test procedure

10.2.2.2.1 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2 with the calibration system setup for
RX requirements depicted in figure 8.2-2.

10.2.2.2.2 Stage 2: BS measurement
The IAC testing procedure consists of the following steps:

1) Uningtall the reference antennaand install the BS with its manufacturer declared coordinate system reference
point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate
system orientation of the BSis set to be aligned with testing system.

2) Set the BSto be satisfied with the sensitivity ROAOA covering conformance testing receiving direction.

3) Rotate the BS to make the conformance testing receiving direction aligned with the beam peak direction of the
reference antenna at the calibration stage.

4) For FDD, start BS transmission using applicable test model at manufacturer's declared rated output power.

5) Set the test signal mean power at the RF signal source generator as the declared minimum EIS level plus Lca, a—p
(as defined in clause 8.2) and applicable reference measurement channel .

6) Measure the throughpuit.

7) Repeat the above steps 2 ~ 6 per conformance testing direction.

10.2.2.3 MU value derivation, FR1

Table 10.2.2.3-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurements in Indoor Anechoic Chamber (Normal test conditions, FR1).
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Table 10.2.2.3-1: IAC MU value derivation for OTA sensitivity measurement, FR1
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uID Uncertainty source Uncertainty value (dB) Distribution Divisor ¢i | Standard uncertainty u;
of the based on (dB)
f< 3<f< 42<f probability | distribution f< 3<fs 42<f
3G | 42GH < shape 3G | 42GH <
Hz z 6 GHz Hz z 6 GHz
Stage 2: BS measurement
B1-1 | Positioning 0.03 0.03 0.03 Rectangular 1.73 1| 0.02 0.02 0.02
misalignment
between the BS and
the reference antenna
B1-2 | Pointing misalignment | 0.30 0.30 0.30 Rectangular 1.73 1| 0.17 0.17 0.17
between the BS and
the transmitting
antenna
B1-3 | Quality of quiet zone 0.10 0.10 0.10 Gaussian 1.00 1] 0.10 0.10 0.10
B1- | Polarization mismatch | 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
4a between the BS and
the transmitting
antenna
B1- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
5a between the BS and
the transmitting
antenna
B1-6 | Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1 | 0.05 0.05 0.05
C1-2 | Uncertainty of the RF 0.46 0.46 0.46 Gaussian 1.00 1| 046 0.46 0.46
signal generator
B1-7 | Impedance mismatch | 0.14 0.23 0.23 U-shaped 1.41 1| 0.10 0.16 0.16
in the transmitting
chain
B1-8 | Random uncertainty 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
Stage 1: Calibration measurement
B1-9 | Impedance mismatch | 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
between the
transmitting antenna
and the network
analyzer
B1- | Positioning and 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
10 pointing misalignment
between the
reference antenna
and the transmitting
antenna
B1- | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
11 between the
reference antenna
and network analyzer
B1-3 | Quality of quiet zone 0.10 0.10 0.10 Gaussian 1.00 1] 0.10 0.10 0.10
B1- | Polarization mismatch | 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
4b between the
reference antenna
and the transmitting
antenna
B1- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1 | 0.00 0.00 0.00
5b between the
reference antenna
and the transmitting
antenna
B1-6 | Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1 | 0.05 0.05 0.05
C1-3 | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1| 0.13 0.20 0.20
network analyzer
B1- | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
12 reference antenna
feed cable
B1- | Reference antenna 0.06 0.06 0.06 Gaussian 1.00 1| 0.06 0.06 0.06
13 feed cable loss
measurement
uncertainty
B1- Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
14 transmitting antenna
feed cable
C1-4 | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25
absolute gain of the
reference antenna
B1- | Uncertainty of the 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
15 absolute gain of the
transmitting antenna
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Combined standard uncertainty (1o) (dB) 0.62 0.64 0.64
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.22 1.25 1.25

10.2.2.4 MU value derivation, FR2

Table 10.2.2.4-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurements in Indoor Anechoic Chamber (Normal test conditions, FR2).
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Table 10.2.2.4-1: IAC MU value derivation for OTA sensitivity measurement, FR2
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uib

Uncertainty source

Uncertainty value

Distributio
n of the

2425<f<
29.5 GHz

37<f<
43.5
GHz

probability

Divisor
based on
distributio

n shape

Ci

Standard uncertainty u; (dB)

2425<f<
29.5 GHz

37<f<
43.5 GHz

Stage 2:

BS measurement

B1-1

Positioning
misalignment
between the BS and
the reference
antenna

0.18

0.18

Rectangula
r

1.73

0.10

0.10

B1-2

Pointing
misalignment
between the BS and
the transmitting
antenna

0.18

0.18

Rectangula
r

1.73

0.10

0.10

B1-3

Quality of quiet zone

0.10

0.10

Gaussian

1.00

0.10

0.10

B1-
4a

Polarization
mismatch between
the BS and the
transmitting antenna

0.02

0.02

Rectangula
r

1.73

0.01

0.01

B1-
5a

Mutual coupling
between the BS and
the transmitting
antenna

0.00

0.00

Rectangula
r

1.73

0.00

0.00

B1-6

Phase curvature

0.07

0.07

Gaussian

1.00

0.07

0.07

C1-2

Uncertainty of the
RF signal generator

0.90

0.90

Gaussian

1.00

0.90

0.90

B1-7

Impedance
mismatch in the
transmitting chain

0.42

0.42

U-shaped

1.41

0.30

0.30

B1-8

Random uncertainty

0.18

0.25

Rectangula
r

1.73

0.10

0.14

Stage 1: Cal

libration measurement

B1-9

Impedance
mismatch between
the transmitting
antenna and the
network analyzer

0.43

0.57

U-shaped

1.41

0.30

0.40

B1-

Positioning and
pointing
misalignment
between the
reference antenna
and the transmitting
antenna

0.43

0.43

Rectangula
r

1.73

0.25

0.25

B1-

Impedance
mismatch between
the reference
antenna and
network analyzer

0.43

0.57

U-shaped

1.41

0.30

0.40

B1-3

Quality of quiet zone

0.10

0.10

Gaussian

1.00

0.10

0.10

B1-
4b

Polarization
mismatch between
the reference
antenna and the
transmitting antenna

0.02

0.02

Rectangula
r

1.73

0.01

0.01

B1-

Mutual coupling
between the
reference antenna
and the transmitting
antenna

0.00

0.00

Rectangula
r

1.73

0.00

0.00

B1-6

Phase curvature

0.07

0.07

Gaussian

1.00

0.07

0.07

C1-3

Uncertainty of the
network analyzer

0.30

0.30

Gaussian

1.00

0.30

0.30

B1-

Influence of the
reference antenna
feed cable

0.18

0.18

Rectangula
r

1.73

0.10

0.10

B1-
13

Reference antenna
feed cable loss
measurement
uncertainty

0.10

0.10

Gaussian

1.00

0.10

0.10

B1-
14

Influence of the
transmitting antenna
feed cable

0.18

0.18

Rectangula
r

1.73

0.10

0.10
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C1-4 | Uncertainty of the 0.52 0.52 Rectangula 1.73 1 0.30 0.30
absolute gain of the r
reference antenna
B1- | Uncertainty of the 0.00 0.00 Rectangula 1.73 1 0.00 0.00
15 absolute gain of the r
transmitting antenna
Combined standard uncertainty (1o) (dB) 1.19 1.25
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 2.33 2.46

10.2.3 Compact Antenna Test Range

10.2.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1.
10.2.3.2 Test procedure

10.2.3.2.1 Stage 1: Calibration

Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

10.2.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1) Setup BSin place of SGH from calibration stage. Align BS with beam peak direction of range antenna.

2) Configure signal generator, one port (polarization) and one carrier at atime according to maximum power
requirement.

3) Start with signal level at sensitivity level using applicable test model.
4) Cadlculate EIS per port (polarization) at this point with EIS = PBER - Lag.

5) Repeat steps 2 - 4 for all conformance test beam direction pairs.

10.2.3.3 MU value derivation, FR1

Table 10.2.3.3-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurementsin CATR (Normal test conditions, FR1).

Table 10.2.3.3-1: CATR MU value derivation for OTA sensitivity measurements, Normal test
conditions, FR1
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uID Uncertainty source Uncertainty value (dB) Distribution Divisor ¢i | Standard uncertainty u;
of the based on (dB)
f< 3<fs 42<f probability | distribution f< 3<fs 42<f
3G | 42GH < shape 3G | 42GH <
Hz z 6 GHz Hz z 6 GHz
Stage 2: BS measurement
B2- | Misalignment and 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
la pointing error of BS
B2-2 | Standing wave 0.21 0.21 0.21 U-shaped 1.41 1| 0.15 0.15 0.15
between BS and test
range antenna
C1-2 | Uncertainty of the RF 0.46 0.46 0.46 Gaussian 1.00 1| 0.46 0.46 0.46
signal generator
B2-3 | RF leakage & 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
dynamic range, test
range antenna cable
connector terminated.
B2- | QZripple experienced | 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
4a by BS
B2-9 | Miscellaneous 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
uncertainty
Stage 1: Calibration measurement
C1-3 | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 11013 0.20 0.20
network analyzer
B2-5 | Mismatch of transmit 0.13 0.33 0.33 U-shaped 1.41 1| 0.09 0.23 0.23
chain (i.e. between
transmitting
measurement
antenna and BS)
B2-6 | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1] 0.10 0.10 0.10
transmitter chain
B2-7 | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1 | 0.00 0.00 0.00
connector terminated
& test range antenna
connector cable
terminated)
B2-8 | Influence of the 0.02 0.02 0.02 U-shaped 141 1| 0.02 0.02 0.02
calibration antenna
feed cable
C1-4 | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25
absolute gain of the
reference antenna
B2-9 | Miscellaneous 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
uncertainty
B2- | QZripple experienced | 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
4b by calibration antenna
B2- | Rotary joints 0.05 0.05 0.05 U-shaped 141 1| 0.03 0.03 0.03
10
B2- | Misalignment and 0.50 0.50 0.50 Exp. normal 2.00 1] 025 0.25 0.25
1b pointing error of
calibration antenna
B2- | Misalignment 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
11 positioning system
B2- | Standing wave 0.09 0.09 0.09 U-shaped 141 1| 0.06 0.06 0.06
12 between SGH and
test range antenna
B2- | Switching uncertainty 0.26 0.26 0.26 Rectangular 1.73 1] 0.15 0.15 0.15
13
Combined standard uncertainty (1o) (dB) 0.68 0.71 0.71
Expanded uncertainty (1.960 — confidence interval of 95 %) (dB) 1.33 1.40 1.40
10.2.3.4 MU value derivation, FR2

Table 10.2.3.4-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurementsin CATR (Normal test conditions, FR2).
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Table 10.2.3.4-1: CATR MU value derivation for OTA sensitivity measurement, FR2

uiD Uncertainty source Uncertainty value Distribution Divisor i | Standard uncertainty
of the based on u; (dB)
2425<f< | 37<f< probability | distribution 2425<f< | 37<f<
29.5 GHz 43.5 shape 29.5 GHz 43.5
GHz GHz
Stage 2: BS measurement
B2-la Misalignment and pointing 0.2 0.2 Exp. normal 2.00 0.10 0.10
error of BS
B2-2 Standing wave between BS 0.21 0.21 U-shaped 1.41 0.15 0.15
and test range antenna
C1-2 Uncertainty of the RF signal 0.9 0.9 Gaussian 1.00 0.90 0.90
generator
B2-3 RF leakage & dynamic 0.01 0.01 Gaussian 1.00 0.01 0.01
range, test range antenna
cable connector terminated.

B2-4a QZ ripple experienced by BS 0.4 0.4 Gaussian 1.00 0.40 0.40
B2-9 Miscellaneous uncertainty 0 0 Gaussian 1.00 0.00 0.00
Stage 1: Calibration measurement
C1-3 Uncertainty of the network 0.3 0.3 Gaussian 1.00 0.30 0.30

analyzer
B2-5 Mismatch of transmit chain 0.43 0.57 U-shaped 1.41 0.30 0.40
(i.e. between transmitting
measurement antenna and
BS)
B2-6 Insertion loss of transmitter 0.12 0.12 Rectangular 1.73 0.07 0.07
chain
B2-7 RF leakage (SGH 0.01 0.01 Gaussian 1.00 0.01 0.01
connector terminated & test
range antenna connector
cable terminated)
B2-8 Influence of the calibration 0.21 0.29 U-shaped 1.41 0.15 0.21
antenna feed cable
C1-4 Uncertainty of the absolute 0.52 0.52 Rectangular 1.73 0.30 0.30
gain of the reference
antenna
B2-11 Misalignment positioning 0 0 Exp. normal 2.00 0.00 0.00
system
B2-4b QZ ripple experienced by 0.1 0.1 Gaussian 1.00 0.10 0.10
calibration antenna
B2-10 Rotary joints 0 0 U-shaped 141 0.00 0.00
B2-1b Misalignment and pointing 0 0 Exp. normal 2.00 0.00 0.00
error of calibration antenna
B2-12 Standing wave between 0.09 0.09 U-shaped 1.41 0.06 0.06
SGH and test range antenna
B2-13 Switching uncertainty 0.1 0.1 Rectangular 1.73 0.06 0.06
Combined standard uncertainty (1¢) (dB) 1.15 1.19
Expanded uncertainty (1.960 — confidence interval of 95 %) (dB) 2.25 2.33
10.2.4 One Dimensional Compact Range
10.24.1 Measurement system description

M easurement system description is captured in clause 7.4.1.

10.2.4.2

10.24.2.1

Test procedure

Stage 1: Calibration

Calibration procedure for the One Dimensional Compact Range is captured in clause 8.4.

10.2.4.2.2

The 1D CATR testing procedure consists of the following steps:

Stage 2: BS measurement

1) Connect the feed system of the compact probe to the signal generator.
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2) Cadlibrate the test range, using a reference antenna with standard gain installed in the quiet zone of the probe and
measure the path loss between signal generator and reference antenna.

3) Position the BSin the quiet zone of the probe with its manufacturer declared coordinate system reference point
in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system
orientation of the BS is set to be aligned with testing system.

4) Connect the BS to the measurement equipment.

5) Align with the conformance test direction.

6) Set the signa generator to the manufacturer declared sensitivity (EIS) level plus the measured path loss.
7) Measure the throughput and BER of the BS.

8) Repeat test steps 2 - 7 for all declared beams and corresponding conformance steering directions.

10.2.4.3 MU value derivation, FR1

Table 10.2.4.3-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurements in One Dimensional Compact Range.

Table 10.2.4.3-1: One Dimensional Compact Range measurement uncertainty value derivation for
OTA sensitivity measurements, FR1
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uID Uncertainty source Uncertainty value (dB) Distribution Divisor based i Standard uncertainty u;
of the on (dB)
f< 3<f< 42<f probability distribution f< 3<fs 42<f
3G 42GH | £6GHz shape 3G 42GH | £6GHz
Hz z Hz z
Stage 2: BS measurement
B4- | Misalignment BS and 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
1 pointing error
B4- | Standing wave 0.18 0.18 0.18 U-shaped 1.41 1] 0.13 0.13 0.13
2a | between BS and test
range antenna
B4- | Quiet zone ripple 0.03 0.03 0.03 Gaussian 1.00 1| 0.03 0.03 0.03
3a | experienced by BS
C1- | Uncertainty of the RF 0.46 0.46 0.46 Gaussian 1.00 1] 046 0.46 0.46
2 signal generator
B4- | Phase curvature 0.01 0.01 0.01 Gaussian 1.00 1| 0.01 0.01 0.01
4
B4- | Polarization mismatch 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
5a | between BS and
transmitting antenna
B4- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
6a | between BS and
transmitting antenna
C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1| 014 0.26 0.26
1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)
B4- | Impedance mismatch 0.01 0.01 0.01 U-shaped 141 1| 0.00 0.01 0.01
7 in transmitter chain
B4- | RF leakage and 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
8 dynamic range
Stage 1: Calibration measurement
B4- | Misalignment 0.00 0.00 0.00 Exp. Normal 2.00 1| 0.00 0.00 0.00
9 positioning system
B4- | Pointing error between 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
10 | reference antenna and
test range antenna
B4- | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
11 | in path to reference
antenna
B4- | Impedance mismatch 0.03 0.03 0.03 U-shaped 1.41 1] 0.02 0.02 0.02
12 | in path to compact
probe
B4- | Standing wave 0.15 0.15 0.15 U-shaped 1.41 1] 011 0.11 0.11
2b | between reference
antenna and test range
antenna
B4- | Quiet zone ripple 0.18 0.18 0.18 Gaussian 1.00 1| 0.18 0.18 0.18
3b | experienced by
reference antenna
B4- | Phase curvature 0.01 0.01 0.01 Gaussian 1.00 1| 0.01 0.01 0.01
4
B4- | Polarization mismatch 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
5b | between reference
antenna and
transmitting antenna
B4- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
6b | between reference
antenna and
transmitting antenna
C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1] 014 0.26 0.26
1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)
B4- | Influence of reference 0.08 0.08 0.08 Rectangular 1.73 1| 0.05 0.05 0.05
13 | antenna feed cable
(flexing cables,
adapters, attenuators,
connector repeatability)
B4- | Mismatch of transmitter | 0.20 0.30 0.30 U-shaped 141 1| 014 0.21 0.21
14 | chain
B4- | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1| 0.10 0.10 0.10
15 | transmitter chain
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C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1] 0.29 0.25 0.25
4 absolute gain of the
reference antenna
B4- | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
16 | connector terminated
and test range antenna
connector cable
terminated)

Combined standard uncertainty (1o) (dB) 0.66 0.73 0.73
Expanded uncertainty (1.960 — confidence interval of 95 %) (dB) 1.29 1.43 1.43

10.2.5 Near Field Test range

10.2.5.1 Measurement system description

Measurement system description is captured in clause 7.5.
10.2.5.2 Test procedure

10.2.5.2.1 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

10.2.5.2.2 Stage 2: BS measurement
The NFTR testing procedure consists in the following steps:

1) BSnear field radiation pattern measurement: thisis performed when the BS will be receiving a defined
modulated signal, as defined in applicable conformance test specification.

NOTE: if the Near Field pattern is derived, for example by transmitting through the antenna array, then
uncertainty contributors need to be considered in the measurement uncertainty budget (including
differences in matching losses between transmit and receive chains).

2) BSnear field OTA sensitivity measurement: thisis performed by measuring the sensitivity in near field when a
modulated signal is received by the BS under test,

3) BSnear field to far field EIS transformation: sensitivity measurement is applied.

The near field to far field transformation is a mathematical computation which is applied to the near field
measured radiation pattern in order to compute the far field radiation pattern. It istypically performed
expanding the measured near field over a set of orthogonal basis functions. The near to far field transformis then
performed in two steps.

3.1) Expansion (or projection) of the measured near field (i.e. Emeasl) Over a set of orthogonal basis functions
(i.e. Foa(r)) in order to evaluate the transformed spectrum:

leas(r) = Spectrum* Fpags(r)

3.2) FF(i.e. Err) computation using the previoudy calculated spectrum and with the basis functions evaluated
a r>o (i.e. Fpass(r 2 «)):

Err = Spectrum* Fpags(r = )

When performing the near field to far field transformation, the sensitivity measurement is applied so that the
near field pattern will be transformed from relative power (i.e. dB) to absolute power (i.e. dBm). In this specific
case, the EISfar field pattern is expressed in terms of the absolute power received by the BS.

4) BSOTA sensitivity: once the full 3D far field EIS pattern has been computed in step 3 from measurementsin
step 2, the OTA sensitivity can be derived.
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10.2.5.3 MU value derivation, FR1

Table 10.2.5.3-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurementsin Near Field Test Range.

Standard uncertainty values for the signal generator, network analyzer and reference antenna are according to the test
equipment uncertainty values, as captured in annex C.
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Table 10.2.5.3-1: NFTR measurement uncertainty value derivation for OTA sensitivity measurements,
FR1
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uiD Uncertainty Uncertainty value (dB) Distribution of | Divisor based | c; Standard uncertainty u;
source the on (dB)
f< 3<fs | 42<f< probability distribution f< 3<fs | 42<f<
3G | 42GHz 6 GHz shape 3G | 42GHz 6 GHz
Hz Hz
Stage 2: BS measurement
B3- | Axes intersection 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
1
B3- | Axes 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
2 | orthogonality
B3- | Horizontal 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
3 | pointing
B3- | Probe vertical 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
4 | position
B3- | Probe 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
5 | horizontal/vertical
pointing
B3- | Measurement 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
6 | distance
B3- | Amplitude and 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
7 | phase drift
B3- | Amplitude and 0.02 0.02 0.02 Gaussian 1.00 1| 0.02 0.02 0.02
8 | phase noise
B3- | Leakage and 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
9 | crosstalk
B3- | Amplitude non- 0.04 0.04 0.04 Gaussian 1.00 1| 0.04 0.04 0.04
10 | linearity
B3- | Amplitude and 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00

11 | phase shiftin
rotary joints

B3- | Channel balance 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
12 | amplitude and

phase
B3- | Probe 0.00 0.00 0.00 Gaussian 1.00 1] 0.00 0.00 0.00

13 | polarization
amplitude and

phase
B3- | Probe pattern 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
14 | knowledge
B3- | Multiple 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
15 | reflections
B3- | Room scattering 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
16
B3- | BS support 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
17 | scattering
B3- | Scan area 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
18 | truncation
B3- | Sampling point 0.01 0.01 0.01 Gaussian 1.00 1| 0.01 0.01 0.01
19 | offset
B3- | Mode truncation 0.02 0.02 0.02 Gaussian 1.00 1] 0.02 0.02 0.02
20
B3- | Positioning 0.03 0.03 0.03 Rectangular 1.73 1| 0.02 0.02 0.02
21
B3- | Probe array 0.06 0.06 0.06 Gaussian 1.00 1| 0.06 0.06 0.06
22 | uniformity
B3- | Mismatch of 0.28 0.28 0.28 U-Shaped 1.41 11| 0.20 0.20 0.20
23 | transmitter chain
B3- | Insertion loss of 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
24 | transmitter chain
B3- | Uncertainty of the 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00

25 | absolute gain of the
probe antenna

C1- | Uncertainty of the 0.46 0.46 0.46 Gaussian 1.00 1| 0.46 0.46 0.46
2 RF signal generator
B3- | Measurement 0.15 0.15 0.15 Gaussian 1.00 1] 0.15 0.15 0.15
26 | repeatability -
positioning

repeatability

Stage 1: Calibration measurement
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C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1] 013 0.20 0.20
3 network analyzer

B3- | Mismatch of 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
27 transmitter chain

B3- | Insertion loss of 0.00 0.00 0.00 Gaussian 1.00 1] 0.00 0.00 0.00
28 | transmitter chain

B3- | Mismatch in the 0.02 0.02 0.02 U-Shaped 1.41 1] 0.01 0.01 0.01

29 connection of the
calibration antenna

B3- | Influence of the 0.00 0.00 0.00 Gaussian 1.00 1] 0.00 0.00 0.00
30 | calibration antenna

feed cable
B3- | Influence of the 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
31 | probe antenna

cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1] 0.29 0.25 0.25

4 absolute gain of the
reference antenna

B3- | Short term 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
32 | repeatability

Combined standard uncertainty (1¢) (dB) 0.63 0.63 0.63
Expanded uncertainty (1.960 — confidence interval of 95 %) (dB) 1.24 1.24 1.24

10.2.6 Plane Wave Synthesizer

10.2.6.1 Measurement system description

M easurement system description is captured in clause 7.6.1.
10.2.6.2 Test procedure

10.2.6.2.1 Stage 1: Calibration

Calibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.

10.2.6.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:

1) Ingtall BS as BS with the manufacturer declared coordinate system reference point in the same place as the phase
center of the reference antenna A as shown in figure 7.6.1-2. The manufacturer declared coordinate system
orientation of the BSis set to be aligned with the testing system.

2) Configure signal generator, one port and one carrier at atime according to maximum power reguirement.
3) Caculate EIS at this point with EIS = PBER - Lca.

4) Repeat steps 2 - 3 for al conformance test beam direction pairs and test conditions.

10.2.6.3 MU value derivation, FR1

Table 10.2.6.3-1 captures derivation of the expanded measurement uncertainty values for OTA sensitivity
measurementsin PWS.
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Table 10.2.6.3-1: Plane wave synthesizer MU value derivation for OTA sensitivity measurements, FR1

uiD Uncertainty source Uncertainty value (dB) Distribution Divisor based | c; Standard uncertainty u;
of the on (dB)
f< 3<fs< 42<f probability distribution fs 3<fs 42<f
3G 4.2 GH < shape 3G 4.2 GH <
Hz z 6 GHz Hz z 6 GHz
Stage 2: BS measurement
B5- | Misalignment and 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
la | pointing error of BS
C1- | Uncertainty of the RF 0.46 0.46 0.46 Gaussian 1.00 1| 0.46 0.46 0.46
2 signal generator
B5- | Longitudinal position 0.05 0.14 0.20 Rectangular 1.73 1| 0.03 0.08 0.12
2a | uncertainty (i.e.
standing wave and
imperfect field
synthesis) for BS
antenna
B5- | RF leakage (calibration | 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
3 antenna connector
terminated)
B5- | QZ ripple experienced 0.42 0.43 0.57 Rectangular 1.73 1| 024 0.25 0.33
4a | by BS
B5- | Miscellaneous 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
5 uncertainty
B5- | System non-linearity 0.10 0.10 0.15 Rectangular 1.73 1| 0.06 0.06 0.09
14
B5- | Frequency flatness of 0.13 0.13 0.13 Rectangular 1.73 1| 0.08 0.08 0.08
13 | test system
Stage 1: Calibration measurement
C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1| 0.13 0.20 0.20
3 network analyzer
B5- | Mismatch (i.e. 0.13 0.33 0.33 U-shaped 141 1| 0.09 0.23 0.23
6 reference antenna,
network analyser and
reference cable)
B5- | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1| 0.10 0.10 0.10
7 transmit chain
B5- | RF leakage (calibration | 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
3 antenna connector
terminated)
B5- | Influence of the 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
8 calibration antenna
feed cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25
4 absolute gain of the
reference antenna
B5- | Misalignment of 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
9 positioning system
B5- | Misalignment and 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
1b | pointing error of
calibration antenna
B5- | Rotary joints 0.00 0.00 0.00 U-shaped 1.73 1| 0.00 0.00 0.00
10
B5- | Longitudinal position 0.12 0.12 0.15 Rectangular 1.73 1| 0.07 0.07 0.09
2b | uncertainty (i.e.
standing wave and
imperfect field
synthesis) for
calibration antenna
B5- | QZ ripple experienced 0.20 0.20 0.20 Rectangular 1.73 1| 012 0.12 0.12
4b | by calibration antenna
B5- | Switching uncertainty 0.02 0.02 0.02 Rectangular 1.73 1| 001 0.01 0.01
11
B5- | Field repeatability 0.06 0.12 0.15 Gaussian 1.00 1| 0.06 0.12 0.15
12
Combined standard uncertainty (1o) (dB) 0.67 0.71 0.76
Expanded uncertainty (1.960 — confidence interval of 95 %) (dB) 1.31 1.40 1.48
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10.2.7 Maximum accepted test system uncertainty

Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodology referred above, the common maximum accepted test system uncertainty values for OTA
sengitivity test can be derived from values captured in tables 10.2.7-1 and 10.2.7-2, derived based on the expanded
uncertainty ue (1.960 - confidence interval of 95 %) values. The common maximum accepted test system uncertainty
values are applicable for all test methods addressing OTA sensitivity test requirement.

Table 10.2.7-1: OTA test system specific measurement uncertainty values for the OTA sensitivity in
Normal test conditions, FR1

Expanded uncertainty (dB)
fs 3<fs 42<fs

3 GHz 4.2 GHz 6 GHz

Indoor Anechoic Chamber 1.22 1.25 1.25

Compact Antenna Test Range 1.33 1.40 1.40

Near Field Test Range 1.24 1.24 1.24

One Dimensional Compact Range Chamber 1.29 1.43 1.43

Plane Wave Synthesizer 1.31 1.40 1.48

Common maximum accepted test system uncertainty 1.3 1.4 1.6

Table 10.2.7-2: OTA test system specific measurement uncertainty values for the OTA sensitivity in
Normal test conditions, FR2

Expanded uncertainty (dB)
2425 GHz < f< 37GHz<f< | 435GHz<fs
29.5 GHz 43.5 GHz 48.2 GHz
Indoor Anechoic Chamber 2.33 2.46
Compact Antenna Test Range 2.25 2.33
Common maximum accepted test system uncertainty 2.4 2.4 3.5

From FR2 MU inputsin clauses 10.2.2.4 and 10.2.3.4, it has been agreed that MUgsis 2.4 dB for up to 43.5 GHz.

An overview of the MU valuesfor all the requirementsis captured in clause 17.

10.2.8 Test Tolerance for OTA sensitivity

Considering the methodology described in clause 5.1, Test Tolerance values for OTA sensitivity were derived based on
values captured in clause 10.2.7.

It has been agreed that the TT for the regulatory receiver directional reguirements should be zero, whilethe TT for other
receiver directional requirements should be equal to the MU.

Frequency range specific Test Tolerance values for the OTA sensitivity test are defined in table 10.2.8-1 and 10.2.8-2.

Table 10.2.8-1: Test Tolerance values for the OTA sensitivity, Normal test conditions

f< 3GHz<f< 42GHz<f<
3 GHz 4.2 GHz 6 GHz
Test Tolerance 1.3 1.4 1.6
(dB)

Table 10.2.8-2: Test Tolerance values for the OTA sensitivity, Normal test conditions

24.25 GHz < £29.5 GHz 37 GHz <f=43.5GHz 43.5 GHz < f £48.2 GHz

Test Tolerance

(dB) 2.4 2.4 3.5
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Anoverview of the TT values for all the requirementsis captured in clause 18.

10.3  OTA reference sensitivity

The OTA REFSENS requirement isintended to ensure the OTA reference sensitivity level for adeclared OTA
REFSENS RoAOA.

The OTA reference sensitivity power level ElSgersens iS the mean power received at the radiated interface at which a
reference performance requirement shall be met for a specified reference measurement channel.

The measurement methods, along with the corresponding calibration, procedure and MU assessment, are the same as
those for the OTA sensitivity requirement in clause 10.2, except that the required level is El Srersens in the measurement
procedure.

10.4 OTA dynamic range

10.4.1 General

Clause 10.4 captures MU and TT values derivation for the OTA dynamic range directional requirement.

The OTA dynamic range is a measure of the capability of the receiver unit to receive a wanted signal in the presence of
an interfering signal inside the received channel bandwidth or the capability of receiving high level of wanted signal.

The reguirement applies at the RIB when the AoA of the incident wave of areceived signal and the interfering signal
are from the same direction and are within the OTA REFSENS RoA0A.

The wanted and interfering signals apply to all supported polarizations, under the assumption of polarization match.

10.4.2 Indoor Anechoic Chamber

10.4.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1.
10.4.2.2 Test procedure

10.4.2.2.1 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber shall be done with the procedure shown in clause 8.2, with the
wanted and AWGN interfering signals with power combiner/coupler:

Lwanted_cal, aA—n: Calibration value for wanted signal between A and D in figure 7.2.1-3.

Lawen_ca, a—e: Calibration value for AWGN signal between A and E in figure 7.2.1-3.

10.4.2.2.2 Stage 2: BS measurement

The IAC measurement procedure is the same as those for the OTA sensitivity requirement in clause 10.2.2.2.2, except
that step 5 is modified as follow:

5) Set the test signal mean power at the RF signal source generator for wanted signal asthe required level plus
Lwanted_cal, A—D aNd the reference measurement channel. Set the test signal mean power at the RF signal source
generator for AWGN interfering signal as the required level plus Lawen_ca, a~-£@nd at the same frequency as
wanted signal.
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10.4.2.3 MU value derivation, FR1
The MU for OTA dynamic range requirement is not impacted by OTA chamber related uncertainties, so the MU isthe
same as for the conducted dynamic range requirement. Thisis further discussed and concluded in clause 10.4.4.

10.4.3 Compact Antenna Test Range

10.4.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1 and the measurement system setup for OTA dynamic range
depicted on figure 7.3.1-3.

10.4.3.2 Test procedure

10.4.3.2.1 Stage 1: Calibration

Cdlibration procedure for the CATR shall be done with the procedure shown in clause 8.3, for the wanted and AWGN
interfering signals with power combiner/coupler:

Lwanted_ca, a—g: Calibration value for wanted signal between A and B in figure 7.3.1-3.

Lawen_ca, a—e: Calibration value for AWGN interfering signal between A and E in figure 7.3.1-3.

10.4.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1) Setup BSin place of SGH from calibration stage. Align BS with boresight of transmitting antenna.

2) Configure RF signal generator for wanted signal to set the signal at the required level plus La—.s and at reference
measurement channel.

3) Configure RF signal generator for AWGN interferer to set the signal at the required level plus La—eand at the
same frequency as wanted signal .

4) Measure the throughput of the wanted signal.

5) Repeat steps 2 - 4 for all conformance test bands and directions.

10.4.3.3 MU value derivation, FR1

The MU for OTA dynamic range requirement is not impacted by OTA chamber related uncertainties, so the MU isthe
same as for the conducted dynamic range requirement. Thisis further discussed and concluded in clause 10.4.4.

10.4.3A Plane Wave Synthesizer

Measurement system description is captured in clause 7.6.1 and the measurement system setup for OTA dynamic range
depicted on figure 7.6.1-3.

10.4.3A.2  Test procedure

10.4.3A.2.1 Stage 1: Calibration

Cdlibration procedure for the PWS shall be done with the procedure shown in clause 8.6, for the wanted and AWGN
interfering signals with power combiner/coupler:

Lwanted_ca, aA—c: Calibration value for wanted signal between A and Cin figure 7.6.1-3.

Lawen_ca, a—p: Calibration value for AWGN interfering signal between A and D in figure 7.6.1-3.
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10.4.3A.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:

1) Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase
center of the reference antenna A as shown in figure 7.6.1-3. The manufacturer declared coordinate system
orientation of the BS is set to be aligned with the testing system.

2) Configure RF signal generator for wanted signal to set the signal at the required level plus La—c and at reference
measurement channel.

3) Configure RF signal generator for AWGN interferer to set the signal at the required level plus La—.p and at the
same frequency as wanted signal.

4) Measure the throughput of the wanted signal.

5) Repeat steps 2 - 4 for al conformance test bands and directions.

10.4.3A.3 MU value derivation, FR1

The MU for OTA dynamic range requirement is not impacted by OTA chamber related uncertainties, so the MU isthe
same as for the conducted dynamic range requirement. This s further discussed and concluded in clause 10.4.4.
10.4.4 Maximum accepted test system uncertainty

The OTA dynamic range requirement provides both a wanted signal and an in-channel AWGN interferer to the BS
input. Both the wanted signal and interferer power levels are well above the receiver noise floor, to the extent that the
SNR in the receiver is dependent only on the transmitter signal to AWGN level and isindependent of the receiver noise
level.

Small variations of the receiver power level due to uncertainty factorsin the OTA environment will impact both the
wanted signal and AWGN equally, and hence do not impact the SNR experienced by the receiver or change the
measurement result. Thus, the receiver dynamic range requirement is not impacted by OTA chamber related
uncertainties.

In TS 36.141 [3], the MU for the conducted RX dynamic range is taken as the uncertainty in achieving the correct SNR
at the test equipment transmitter. Considering the above argumentation that OTA chamber aspects will not impact MU
for receiver dynamic range, the same MU of 0.3 dB as for the conducted case can be assumed.

10.4.5 Test Tolerance for OTA dynamic range

Considering the methodology described in clause 5.1, Test Tolerance values for OTA dynamic range were derived
based on valuesin clause 10.4.4.

It has been agreed that the TT for the regulatory receiver directional requirements should be zero, while the TT for other
receiver directional requirements should be equal to the MU.

Anoverview of the TT values for all the requirementsis captured in clause 18.

10.5 OTA adjacent channel selectivity, general blocking and
narrowband blocking

10.5.1 General

Clause 10.5 capturesMU and TT values derivation for the OTA adjacent channel selectivity (ACS), general blocking
and narrowband blocking directional requirements.
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10.5.2 Indoor Anechoic Chamber

10.5.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1, with the Indoor Anechoic Chamber measurement system
setup for ACS, general blocking and narrowband blocking depicted on figure 7.2.1-4.

10.5.2.2 Test procedure

10.5.2.2.1 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber shall be done with the procedure shown in clause 8.2, for the
frequencies of wanted and unwanted signals with power combiner/coupler. Calculate the calibration value for wanted
and unwanted signal from A to D aswell asfrom A to E:

Lwanted_cal, aA—n: Calibration value for wanted signal between A and D in figure 7.2.1-4.

Lunanted_cal, a—£: Calibration value for unwanted signal between A and E in figure 7.2.1-4.

10.5.2.2.2 Stage 2: BS measurement
The IAC testing procedure consists of the following steps:

1) Uningtall the reference antennaand install the BS with its manufacturer declared coordinate system reference
point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate
system orientation of the BSis set to be aligned with testing system.

2) Set the BSto be satisfied with the ROAOA desired by the requirement covering conformance testing receiving
direction.

3) Rotate the BS to make the conformance testing receiving direction aligned with the boresight of the reference
antenna at the calibration stage.

4) For FDD BS start transmission at the required condition.

5) Set the test signal mean power at the RF signal source generator for wanted signal asthe required level plus
L wanted_ca, A—p @nd the reference measurement channel.

6) Set the test signal mean power at the RF signal source generator for unwanted signal as the required level plus
L unwanted_cal, A—£ @nd the interference signal channel.

7) Measure the throughput.

8) Repeat the above steps 1 - 6 per conformance testing direction.

10.5.2.3 MU value derivation, FR1

The MU is estimated based on conducted MU value (e.g. asin TS 36.141[3]), the MU for EISin clause 10.2 and an
estimated uncertainty for matching of test equipment and BS or test antenna.

MUAC.S‘,OTA = \/MUvzvanted + MUiznterfer + MUczhamber_OTA + MUﬁwtching_OTA + ACLReffect

Where

— 2 _ 2
MUwanted - \/MUwanted,conducted MUmatching,conducted

— 2 _ 2
MUinterfer - \/MUinterfer_conducted MUmatching_conducted

— 2 _ 2 _ 2
M Uchamber,OTA - \/ M UEI.S‘,OTA M UTestEquipment_OTA M Umatchin g_OTA
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The uncertainty budget behind the EIS MU is captured in clause 10.2. The 2 sigma matching uncertainty is0.196 dB for
f <3GHzand 0.314 dB for 3GHz < f < 4.2 GHz.

The ACLR effect from the interference signal is assumed to be 0.4 dB, asin TS 36.141 [3]. Thisis under the
assumption that no additional PA is needed for the test signal in the OTA test setup.

The MU for ACSis calculated as follows. Note that al uncertainties in the table are 1.96¢ values.

Table 10.5.2.3-1: IAC MU value derivation for OTA ACS, general blocking and narrowband blocking
measurement, FR1

f<3 GHz 3GHz<f< Calculation details
4.2 GHz
MUwanted_conducted +0.7 dB +1 dB
MUinterfer_conductec +0.7 dB +1 dB
MUpgeching conduced ~ ¥0-196 B +0.314 dB
MU,ygnioq +0.672dB +0.949 dB MU, gniea
= \/MU\f/anted,cnnducted - MUrznatching,conducted
MUjpierfer +0.672 dB +0.949 dB MUjpierfer
= \/MUiZnterfer_conducted - MU‘iatching_conducted
MUgs ora 122dB 1.25dB
MUTestEquipment,O 0.9dB 0.9dB
MUpatcning ora +0.196 dB +0.314 dB
MUchamber_OTA i08 dB iOBO4 dB MUchamber_OTA
= \/MUgls_OTA - MUTZ'estEquipment - MUrznatching,OTA
ACLR effect 0.4dB
MU 05 o7 1.7 dB 2.00 dB MU,cs ora
= \/MUvzvanted + MUiZnterfer + MUc?hamber_OTA + MU‘r%w.tc
+ ACLRyffect

10.5.3 Compact Antenna Test Range

10.5.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1, with the CATR measurement system setup for ACS,
general blocking and narrowband blocking depicted on figure 7.3.1-3.

10.5.3.2 Test procedure

10.5.3.2.1 Stage 1: Calibration

Calibration procedure for the Compact Antenna Test Range shall be done with the procedure shown in clause 8.3, for
the frequencies of wanted and interfering signals with power combiner/coupler. Calculate the calibration value for
wanted and interfering signal from A to B aswell asfrom A to E:

Lwanted ca, a—g: Calibration value for wanted signal between A and B in figure 7.3.1-3.

Linterferer_cal, A~ Calibration value for interfering signal between A and E in figure 7.3.1-3.
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10.5.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1) Setup BSin place of SGH from calibration stage. Align BS with boresight of transmitting antenna.

2) Configure RF signal generator for wanted signal to set the signal at the required level plus La—g and at reference
measurement channel.

3) Configure RF signal generator for interferer to set the signal at the required level plus La—.e and at reference
measurement channel. The interferer's centre frequency offset should be swept as required.

4) Measure the throughput of the wanted signal.
5) Repeat steps 2 - 4 for all conformance test directions.

6) Repeat steps above per involved band for multi-band RIB(S).

10.5.3.3 MU value derivation, FR1

The MU is estimated based on conducted MU value (e.g. asin TS 36.141 [3]), the MU for EISin clause 10.2 and an
estimated uncertainty for matching of test equipment and BS or test antenna.

The 2 sigma matching uncertainty is 0.294 dB up to 4.2 GHz.

Test system uncertainty is obtained by following equations:

MUACS_OTA = \/MUvzvanted + MUl%lterfer + MUghamber,OTA + MUanatching,OTA + ACLReffect

Where

— 2 _ 2
MUwanted - \/MUwanted_conducted MUmatching_conducted

— 2 _ 2
MUinterfer - \/MUinterfer_conducted MUmatching_conducted

— 2 _ 2 _ 2
MUchamber_OTA - \/M UEIS_OTA MUTestEquipment,OTA MUmatching,OTA

And we assume MUmatching,conducted = MUmatching,OTA

Test system uncertainty for ACS, narrow band blocking, and general band blocking is shown in table 10.5.3.3-1. Note
that all uncertaintiesin table are 1.96c values.
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Table 10.5.3.3-1: CATR MU value derivation for OTA ACS, general blocking and narrowband blocking
measurement, FR1

f< 3GHz<fs Calculation details
3 GHz 4.2 GHz
MUwanted,cnnducted 0.7 .dB +1dB
MUinterfer_conducted +0.7 dB +1dB
MUmatching,canducted i0d294 10294 dB
B
MuwantEd iOGBSSd 10956 dB MUW!MCEd = JMUvaanted,conducted - MU‘rznatching,conducted
MUiTltETfET i0d6535 +0.956 dB MUinte‘rfer = JMUiznte‘rfer,conducted - MU‘rznatching,conducted
MUgs o4 1.33dB 1.40 dB
MUTestEquipiment,OTA 09 dB 09 dB
MUmatching ora +0.294 | +0.294 dB
dB
MU, +0.933 +1.03 dB
chamber_ora dB MUchamberioTA = \/MUL??IS,OTA - MU%estEquipment_OTA - MUanatching_OTA
ACLR effect 0.4 dB MUyucs o1a
= \/MUvzvanted + MUiznterfer + MUczhambe‘r,OTA + MU‘anatching,OTA
+ ACLRcffect
MU, c5 o074 1.7d8 | 21dB

10.5.3A Plane Wave Synthesizer

10.5.3A.1 Measurement system description

Measurement system description is captured in clause 7.6.1, with the PWS measurement system setup for ACS, general
blocking and narrowband blocking depicted on figure 7.6.1-3.

10.5.3A.2  Test procedure

10.5.3.2A.1 Stage 1: Calibration

Cdlibration procedure for the PWS shall be done with the procedure shown in clause 8.6, for the frequencies of wanted
and interfering signals with power combiner/coupler. Calculate the calibration value for wanted and interfering signal
from A to C as well asfrom A to D:

Lwanted_ca, A—c: Calibration value for wanted signal between A and Cin figure 7.6.1-3.

Linterferer_ca, A—n: Calibration value for interfering signal between A and D in figure 7.6.1-3.

10.5.3A.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:

1) Ingtall the BS with the manufacturer declared coordinate system reference point in the same place as the phase
center of the reference antenna A as shown in figure 7.6.1-3. The manufacturer declared coordinate system
orientation of the BSis set to be aligned with the testing system.

2) Configure RF signal generator for wanted signal to set the signal at the required level plus La-.c and at reference
measurement channel.

3) Configure RF signal generator for interferer to set the signal at the required level plus La_.p and at reference
measurement channel. The interferer's centre frequency offset should be swept as required.

4) Measure the throughput of the wanted signal.

5) Repeat steps 2 - 4 for all conformance test directions.
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6) Repeat steps above per involved band for multi-band RIB(S).

10.5.3A.3 MU value derivation, FR1

The MU is estimated based on conducted MU value (e.g. asin TS 36.141[3]), the MU for EISin clause 10.2 and an
estimated uncertainty for matching of test equipment and BS or test antenna.

The 2 sigma matching uncertainty is 0.3 dB up to 4.2 GHz.

Test system uncertainty is obtained by following equations:

MUAC.S‘,OTA = \/MUvzvanted + MUiznterfer + MUczhamber_OTA + MUﬁwtching_OTA + ACLReffect

Where

— 2 _ 2
MUwanted - \/MUwanted,conducted MUmatching,conducted

— 2 _ 2
MUinterfer - \/MUinterfer,conducted MUmatching,conducted

— 2 _ 2 _ 2
M Uchamber,OTA - \/ M UEI.S‘,OTA M UTestEquipment_OTA M Umatchin g_OTA

And we assume MUmatching_conducted = MUmatching_OTA

Test system uncertainty for ACS, narrow band blocking, and general band blocking is shown in table 10.5.3A.3-1. Note
that all uncertaintiesin table are 1.96c values.

Table 10.5.3A.3-1: PWS MU value derivation for OTA ACS, general blocking and narrowband blocking
measurement, FR1

f< 3GHz<fs Calculation details
3 GHz 4.2 GHz
MUwanted,cnnducted i0-7 dB +1 dB
MUinterfer_conducted +0.7 dB +1dB
MUmatching,canducted +0.3dB +0.3 dB
MUWU—ntEd i06832d 10954 dB MUWGTltEd = JMUlf/anted,mnducted - MUanatching,mnducted
MUinterfer i0d6832 +0.954 dB MUi"tETfﬁ’T = JMUiznterfer,mnducted - MUanatching,conducted
MUyss ora 1.31dB 1.40 dB
MUTestEquipiment,UTA 09 dB 09 dB
MUnatching ors +0.3 dB +0.3dB
MU, +0.902 +1.03 dB
champer.ora dB MUchamberio-m = \/MUgIS_OTA - MUTZ'estEquipment,OTA - MUrznatching,OTA
ACLR effect 0.4 dB MUg4cs ora
= \/MUvzvanted + MUiznterfer + MUczhambe‘r,OTA + MU‘anatching,OTA
+ ACLRcffect
MUcs o4 1.7dB | 21dB

10.5.4 Maximum accepted test system uncertainty

MU can be calculated as follows:

MU ACS,IBB,ICS = \/MU éIS + MU'I?eStEquipment + MU SA + ACLReffect

With
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MU 1.960) =1.96x09

TestBouipment (
MU, (1960) =1.96x0.2

And

ACLR,, (1960) =04

The MU for 4.2 GHz < f <6 GHz for each receiver directional requirement can be calculated as shown in tables 10.5.4-
1t010.5.4-3 below.

Table 10.5.4-1: MU for adjacent channel selectivity, narrowband blocking, in-channel selectivity

Test System Uncertainty Standard uncertainty ui (dB)
IAC CATR
3GHz < f 4.2 GHz < f 3GHz < f 4.2 GHz < f
<4.2 GHz <6 GHz <4.2 GHz <6 GHz
MU conductedwanted (Wanted signal level error) 1 1.30 1 1.30
MU conductedint (Interferer signal level error) 1 1.30 1 1.30
MUEeis (Combined standard uncertainty) 0.64 0.77 0.71 0.83
MUTestequipment (Uncertainty of the RF signal 0.46 0.58 0.46 0.58
generator)
MUmatching (Impedance mismatch in the 0.16 0.28 0.15 0.28
transmitting chain)
ACLRettect (IMmpact of interferer leakage) 0.4 0.4 0.4 0.4
Combined standard uncertainty (10) 1.02 1.19 1.08 1.24
Expanded uncertainty (1.960 - confidence 2.00 2.33 2.12 2.43
interval of 95 %)

Table 10.5.4-2: MU for in-band blocking

Test System Uncertainty Standard uncertainty ui (dB)
IAC CATR
3 GHz <f 4.2 GHz < f 3GHz < f 4.2 GHz < f
<4.2 GHz <6 GHz <4.2 GHz <6 GHz
MU conductedwanted (Wanted signal level error) 1 1.30 1 1.30
MUconductedint (Interferer signal level error) 1.2 1.46 1.2 1.46
MUEeis (Combined standard uncertainty) 0.64 0.77 0.71 0.83
MUTestequipment (Uncertainty of the RF signal 0.46 0.58 0.46 0.58
generator)
MUmatching (Impedance mismatch in the 0.16 0.28 0.15 0.28
transmitting chain)
ACLReftect (Impact of interferer leakage) 0.4 0.4 0.4 0.4
Combined standard uncertainty (10) 1.09 1.25 1.14 1.29
Expanded uncertainty (1.960 - confidence 2.13 2.44 2.24 2.54
interval of 95 %)

Substituting the variables above into the formula, the MU for each receiver directional requirement can be calculated as
shown in table 10.5.4-3 below.

Table 10.5.4-3: MU for adjacent channel selectivity, in-band blocking, in-channel selectivity

Test System Uncertainty Standard uncertainty ui (dB)
MUEeis (Expanded uncertainty) 2.4
MU estequipment (Uncertainty of the RF signal generator) 0.9
MUpa (Uncertainty due to use of PA) 0.2
ACLRefrect (Impact of interferer leakage) 0.4
Combined standard uncertainty (10) 1.74
Expanded uncertainty (1.960 - confidence interval of 95 3.40

%)
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Maximum test system uncertainties derivation methodol ogy was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodol ogy referred above, the common maximum accepted test system uncertainty values for OTA
ACS, genera blocking and narrowband blocking test can be derived from values captured in table 10.5.4-1, derived
based on the expanded uncertainty ue (1.960 - confidence interval of 95 %) values. The common maximum accepted
test system uncertainty values are applicable for all test methods addressing OTA ACS, genera blocking and
narrowband blocking test requirements.

10.5.5 Test Tolerance for OTA ACS, general blocking and narrowband
blocking

Considering the methodology described in clause 5.1, Test Tolerance values for OTA ACS, general blocking and
narrowband blocking were derived based on valuesin clause 10.5.4.

It has been agreed that the TT for the regulatory receiver directional reguirements should be zero, whilethe TT for other
receiver directional requirements should be equal to the MU.

Anoverview of the TT values for all the requirementsis captured in clause 18.

10.6  OTA receiver intermodulation

10.6.1 General

Clause 10.2 captures MU and TT values derivation for the OTA receiver intermodulation directional requirement.

10.6.2 Indoor Anechoic Chamber

10.6.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1, with the Indoor Anechoic Chamber measurement system
setup for OTA RX IMD depicted on figure 7.2.1-5.

10.6.2.2 Test procedure

10.6.2.2.1 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber shall be done with the procedure shown in clause 8.2, for
frequencies of wanted and unwanted signals with power combiner/coupler. Calculate the calibration value for wanted
and unwanted signal from A to D, from A to E, and from A to F:

Lwanted_cal, a—n: Calibration value for wanted signal between A and D in figure 7.2.1-5.
L unanted_cal, a—£: Calibration value for unwanted signal between A and E in figure 7.2.1-5.

Lunanted_cal, a—r: Calibration value for unwanted signal between A and F in figure 7.2.1-5.

10.6.2.2.2 Stage 2: BS measurement
The IAC testing procedure consists of the following steps:

1) Uningtall the reference antennaand install the BS with its manufacturer declared coordinate system reference
point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate
system orientation of the BSis set to be aligned with testing system.

2) Set the BSto be satisfied with the RoA0A desired by the requirement covering conformance testing receiving
direction.
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3) Rotate the BS to make the conformance testing receiving direction aligned with the boresight of the reference
antenna at the calibration stage.
4) For FDD BS start transmission at the required condition.

5) Set the test signal mean power at the RF signal source generator for wanted signal as the required level plus
L wanted_ca, A—p @nd the reference measurement channel.

6) Set thetest signal mean power at the RF signal source generators for unwanted signal as the required level plus
Lurwanted_cdl, A~ OF PlUS Lunwanted cal, A—F 8Nd the interference signal channel.

7) Measure the throughput.

8) Repeat the above steps 2 - 6 per conformance testing direction.

10.6.2.3 MU value derivation, FR1

The MU is estimated based on conducted MU value (e.g. asin TS 36.141 [3]), the MU for EISin clause 10.2 and an
estimated uncertainty for matching of test equipment and BS or test antenna.

MU\%vanted + (2 X MUCWinterfer)z + MUI%/IODinterfer + MUghamber
OTA
MUgx v ota = + ACLR ffect

2
+M UmatchinngTA

Where

— 2 _ 2
MUwanted - \/MUwanted_conducted MUmatching_conducted

— 2 _ 2
MUinterfer - \/MUinterfer_conducted MUmatching_conducted

— 2 _ 2
MUCWinterfer - \/MUCWinterfer,conducted MUmatching,conducted

— 2 _ 2 _ 2
MUchamber_OTA - \/M UEIS_OTA MUTestEquipment,OTA MUmatching,OTA

The uncertainty budget behind the EIS MU is captured in clause 10.2. The 2 sigma matching uncertainty is0.196 dB for
f <3GHzand 0.314 dB for 3GHz < f < 4.2 GHz.

The ACLR effect from the interference signal is assumed to be 0.4 dB, asin TS 36.141 [3]. Thisisunder the
assumption that no additional PA is needed for the test signal in the OTA test setup.

The MU for RX IM iscalculated as follows. Note that all uncertaintiesin the table are 1.96c values.
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Table 10.6.2.3-1: IAC MU value derivation for OTA RX IMD measurement, FR1

Frequency range f<3GHz | 3GHz<f Calculation details
<4.2 GHz
+0.7 dB +1.0dB

+0.5 dB +0.7 dB
0.7 dB +1.0dB

+0.196 +0.314 dB
dB

M Uwanted,conducted

MUCWinterfer,canducted

MUMODinterfer,conducted

MUmatching,conducted

MU +0.672dB | +0.949 dB
wanted M Uwanted = M U\f/anted_conducted -M Urznatching_conducted
MU vy +0.460 +0.626 dB
CWinterfer dB MUCWinte‘rfe‘r = MUgWinterfer,conducted - MUrznatching,canducted

MU +0.672dB | +0.949 dB
MODinterfer MUinterfer = MUiznterfer_conducted - MUanatching_conducted

MUgis ora 1.22 dB 1.25dB
MUTestEquipment,OTA 0.9dB 0.9dB
MUyaeching ora +0.196 +0.314 dB
_ dB

MU +0.8 dB +0.807 dB
chamber OTA MUchamber_OTA = MUL??IS,OTA - MU%estEquipment - MU‘r%w.tching_OTA

ACLR effect 0.4 dB
MUgxim_ora 2.0dB 2.5dB 2 -
MU npea + 2 X MU, fer)z + MUjy0pinter fer
2
MUgx m ora = +M Uchamberm
+MU?

matching_ OTA

+ ACLR /o0t

10.6.3 Compact Antenna Test Range

10.6.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1, with the CATR measurement system setup for OTA RX
IMD depicted on figure 7.3.1-4.

10.6.3.2 Test procedure

10.6.3.2.1 Stage 1: Calibration

Calibration procedure for the CATR shall be done with the procedure shown in clause 8.3, for the frequencies of wanted
and 2 interfering signals with power combiners/couplers. Cal culate the calibration value for wanted and interfering
signalsfrom A to B aswell asfrom A toE and A to H:

Lwanted_cal, a—8: Calibration value for wanted signal between A and B in figure 7.3.1-4.
Linterferer1_cal, A—£: Calibration value for interfering signal between A and E in figure 7.3.1-4.

Linterferer2_cal, a—+: Calibration value for interfering signal between A and H in figure 7.3.1-4.

10.6.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1) Setup BSin place of SGH from calibration stage. Align BS with boresight of transmitting antenna.

2) Configure RF signal generator for wanted signal to set the signal at the required level plus La—g and at reference
measurement channel.
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3) Configure RF signal generator for interfererl to set a modulated signal at the required level plus La—eand at
reference measurement channel. The interferer's centre frequency offset should also fulfil the requirement.

4) Configure RF signal generator for interferer2 to set a CW signal at the required level plus La—.n and at reference
measurement channel. The interferer's centre frequency offset should also fulfil the requirement.

5) Measure the BER or throughput of the wanted signal.
6) Repeat steps all above per involved band for multi-band RIB(S).

10.6.3.3 MU value derivation, FR1

The MU is estimated based on conducted MU value (e.g. asin TS 36.141[3]), the MU for EISin clause 10.2 and an
estimated uncertainty for matching of test equipment and BS or test antenna.

Test system uncertainty is obtained by follwing equations:

2 2 2 2
_ MUwanted + (2 X MUCWinterfer) + MUMODinterfer + MUchamberOTA
MURXIM_OTA - 2 + ACLReffect
+M UmatchinngTA

Where

— 2 _ 2
MUwanted - \/MUwanted,conducted MUmatching,conducted

— 2 _ 2
MUMODinterfer - \/MUMODinterfer_conducted MUmatching_conducted

— 2 _ 2
MUCWinterfer - \/MUCWinterfer_conducted MUmatching_conducted

— 2 _ 2 _ 2
MUchamberioTA - \/M UEIS_OTA MUTestEquipment,OTA MUmatching,OTA

And we assume MUmatching,conducted = MUmatching,OTA

Test system uncertainty for OTA receiver intermodulation is shown in table 10.6.3.3-1. Note that all uncertaintiesin
table are 1.960 values.
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Table 10.6.3.3-1: CATR MU value derivation for OTA receiver intermodulation measurement, FR1

Frequency range f<3 GHz 3GHz<f Calculation details
< 4.2 GHz
MUwanted,conducted 10-7 dB il.O dB
MUCWinterfer_conducted +0.5dB +0.7 dB
MUMODinterfer,cnnducted 10-7 dB il-o dB
MUpatching conducted +0.294 dB | +0.294 dB
MU, +0.635dB | +0.956 dB
wanted MUwanted = \/MUvzvanted,conducted - MU‘anatching,conducted
MUCWinterfer +0.404 dB +0.635dB MUCWinte‘rfe‘r
= \/MUgWinterfer,conducted - MUrznatching,canducted
MUMODinterfer +0.635dB +0.956 dB MUMODinterfer
= \/MUIEIODinterfer_conducted - MU‘iatching_conducted
MUpgs ora 1.33dB 1.40 dB
MUTestEquipiment,OTA 09 dB 09 dB
MUt ching ors +0.294dB | +0.294 dB
MUchamper o7 +0.933dB | #1.03dB | MUchamber ors
= \/MUL??IS,OTA - MU%estEquipment_OTA - MUr%w.tching_OTA
ACLR effect 0.4dB
MURXIM_OTA 20 dB 26 dB MURX IM_OTA
MUvzvanted + (2 X MUCWinterfer)Z + MUI%[ODinterfer
= +MUc?hambergTA
+MUr%1atching_OTA
+ ACLR,ffect

10.6.3A Plan Wave Synthesizer

10.6.3A.1  Measurement system description

Measurement system description is captured in clause 7.6.1, with the CATR measurement system setup for OTA RX
IMD depicted on figure 7.6.1-4.

10.6.3A.2  Test procedure

10.6.3A.2.1 Stage 1: Calibration

Cdlibration procedure for the PWS shall be done with the procedure shown in clause 8.6, for the frequencies of wanted
and 2 interfering signals with power combiners/couplers. Calculate the calibration value for wanted and interfering
signalsfrom A to Caswell asfromAtoD and A to E:

Lwanted_cal, aA—c: Calibration value for wanted signal between A and Cin figure 7.6.1-4.
Linterferer1_cal, A—D: Calibration value for interfering signal between A and D in figure 7.6.1-4.

Linterferer2_cal, a—g: Calibration value for interfering signal between A and E in figure 7.6.1-4.

10.6.3A.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:

1) Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase
center of the reference antenna A as shown in figure 7.6.1-4. The manufacturer declared coordinate system
orientation of the BS is set to be aligned with the testing system.
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2) Configure RF signal generator for wanted signal to set the signal at the required level plus La—c and at reference
measurement channel.

3) Configure RF signal generator for interfererl to set amodulated signal at the required level plus La—p and at
reference measurement channel. The interferer's centre frequency offset should also fulfil the requirement.

4) Configure RF signal generator for interferer2 to set a CW signal at the required level plus La—e and at reference
measurement channel. The interferer's centre frequency offset should also fulfil the requirement.

5) Measure the BER or throughput of the wanted signal.
6) Repeat steps all above per involved band for multi-band RIB(S).

10.6.3A.3 MU value derivation, FR1

The MU is estimated based on conducted MU value (e.g. asin TS 36.141 [3]), the MU for EISin clause 10.2 and an
estimated uncertainty for matching of test equipment and BS or test antenna.

Test system uncertainty is obtained by following equations:

2 2 2 2
MUwanted + (2 X MUCWinterfer) + MUMODinterfer + MU

chamberqgyp

MU = + ACLR
RXIM_OTA + MU?n atching OTA effect

Where:

— 2 _ 2
MUwanted - \/MUwanted_conducted MUmatching_conducted

— 2 _ 2
MUMODinterfer - \/MUMODinterfer_conducted MUmatching_conducted

— 2 _ 2
MUCWinterfer - \/MUCWinterfer,conducted MUmatching,conducted

— 2 _ 2 _ 2
MUchamberioTA - \/M UEIS_OTA MUTestEquipment,OTA MUmatching,OTA

And we assume MUmatching_conducted = MUmatching_OTA

Test system uncertainty for OTA receiver intermodulation is shown in table 10.6.3A.3-1. Note that al uncertaintiesin
table are 1.960 values.
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Table 10.6.3A.3-1: PWS MU value derivation for OTA receiver intermodulation measurement, FR1

Frequency range f<3 GHz 3GHz<f Calculation details
<4.2 GHz
MUwanted,conducted 10-7 dB il-o dB
MUCWinterfer_conducted +0.5dB +0.7 dB
MUMODinterfer,cnnducted 10-7 dB il-o dB
MUmatching,canducted 103 dB 103 dB
MU, +0.632dB | +0.954dB
wanted MUwanted = \/MUvzvanted,conducted - MU‘anatching,conducted
MUCWinterfer +0.400 dB +0.632 dB MUCWinte‘rfe‘r
= \/MUgWinterfer,conducted - MUrznatching,canducted
MUMODinterfer +0.632 dB +0.954 dB MUMODinterfer
= \/MUIEIODinterfer_conducted - MU‘iatching_conducted
MUpgs ora 1.31dB 1.40 dB
MUTestEquipiment,OTA 09 dB 09 dB
MUt ching ors +0.3 dB +0.3 dB
MUchamper o7 $0.902dB | #1.03dB | MUchamber ors
= \/MUL??IS,OTA - MU%estEquipment_OTA - MUr%w.tching_OTA
ACLR effect 0.4dB
MURXIM_OTA 19 dB 25 dB MURX IM_OTA

MUvzvanted + (2 X MUCWinterfer)Z + MUI%[ODinterfer
= +MU?

chamberpra

2
+MUmatching_OTA

+ ACLRyfsoct

10.6.4 Maximum accepted test system uncertainty

MU can be calculated as follows:

MU quimo :\/Mués

With

And

+ M U TzestEquipment + M U éWint + M U ISA + ACLReffect
MU resegiomen (L 960) =1.96x0.9

MU, (1.960) =1.96x0.2

ACLR,, (1960) =04
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Table 10.6.4-1: MU for receiver intermodulation

Test System Uncertainty Standard uncertainty ui (dB)

IAC CATR
3GHz<f 42 GHz <f 3GHz<f 42GHz<f
<4.2 GHz <6 GHz <4.2 GHz <6 GHz

MU conductedwanted (Wanted signal level error) 1 1.30 1 1.30

MU conductedmodint (Modulated interferer signal 1 1.30 1 1.30
level error)

MU conductedcwint (CW interferer signal level 0.7 1.08 0.7 1.09

error)

MUEis (Combined standard uncertainty) 0.64 0.77 0.71 0.83

MUTestequipment (Uncertainty of the RF signal 0.46 0.58 0.46 0.58
generator)

MUmatching (Impedance mismatch in the 0.16 0.28 0.15 0.28

transmitting chain)

ACLREettect (Impact of interferer leakage) 0.4 0.4 0.4 0.4

Combined standard uncertainty (10) 1.24 1.57 1.32 1.62

Expanded uncertainty (1.960 - confidence 2.43 3.09 2.60 3.17

interval of 95 %)

Substituting the variables above into the formula, the MU for each receiver directional requirement can be calculated as
shown in table below.

Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodol ogy referred above, the common maximum accepted test system uncertainty values for OTA
RX IMD test can be derived from values captured in table 10.6.4-1, derived based on the expanded uncertainty ue
(1.960 - confidence interval of 95 %) values. The common maximum accepted test system uncertainty values are
applicable for all test methods addressing OTA RX IMD test requirements.

Table 10.6.4-2: MU for receiver intermodulation

Test System Uncertainty Standard uncertainty ui (dB)
MUEeis (Expanded uncertainty) 2.4
MUTestequipment (Uncertainty of the RF signal generator) 0.9
MUcwint (CW interferer signal level error) 0.9
MUpa (Uncertainty due to use of PA) 0.2
ACLRettect (Impact of interferer leakage) 0.4
Combined standard uncertainty (10) 1.99
Expanded uncertainty (1.96c0 - confidence interval of 95 3.90

%)

10.6.5 Test Tolerance for OTA RX IMD

Considering the methodology described in clause 5.1, Test Tolerance values for OTA RX IMD were derived based on
values discussed in clause 10.6.4.

It has been agreed that the TT for the regulatory receiver directional requirements should be zero, while the TT for other
receiver directional requirements should be equal to the MU.

An overview of the TT values for al the requirementsis captured in clause 18.

10.7  OTA in-channel selectivity

10.7.1 General

Clause 10.7 captures MU and TT values derivation for the OTA in-channel selectivity (ICS) directional requirements.
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10.7.2 Indoor Anechoic Chamber

10.7.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1, with the Indoor Anechoic Chamber measurement system
setup for OTA ICS depicted on figure 7.2.1-5.

10.7.2.2 Test procedure

10.7.2.2.1 Stage 1: Calibration

The procedure for calibration for OTA ICSisthe same asfor OTA ACS, as described in clause 10.5.2.2.1 and the
system setup depicted on figure 7.2.1-4, however calibration must be carried out for wanted signal and interferer signals
appropriate to OTA ICS.

10.7.2.2.2 Stage 2: BS measurement
The lAC procedure for OTA ICSis based on the OTA ACS procedure, described in clause 10.5.2.2.1.

10.7.2.3 MU value derivation, FR1

The MU budget and values for OTA ICS are the same as those for OTA ACS, described in clause 10.5.2.3.
10.7.3 Compact Antenna Test Range

10.7.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1, with the CATR measurement system setup for OTA ICS
depicted on figure 7.3.1-5.

10.7.3.2 Test procedure

10.7.3.2.1 Stage 1: Calibration

Cdlibration procedure for the CATR shall be done with the procedure shown in clause 8.3, with power
combiner/coupler. Calculate the calibration value for wanted and interfering signal from A to B aswell asfrom A to D:

Lwanted_ca, a—g: Calibration value for wanted signal between A and B in figure 7.3.1-5.

Linterferer_cal, A—p: Calibration value for interfering signal between A and D in figure 7.3.1-5.

10.7.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1) Setup BSin place of SGH from calibration stage. Align BS with boresight of transmitting antenna.

2) Configure RF signal generator for wanted signal to set it at the required level plus La—.s and at one side of the
frequency centre of reference measurement channel.

3) Configure RF signal generator for interferer to set it at the required level plus La—eand at the other side of the
frequency centre of reference measurement channel. The interferer should be adjacent to the wanted signal .

4) Measure the throughput of the wanted signal.

5) Repeat the steps 2 - 4 by exchange the locations of wanted signal and interfering signal in frequency domain at
the same channel.

6) Repeat steps above per involved band for multi-band RIB(S).
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10.7.3.3 MU value derivation, FR1
The MU budget and values for OTA ICS are the same as those for OTA ACS, described in clause 10.5.3.3.

10.7.3A Plane Wave Synthesizer

10.7.3A.1  Measurement system description

Measurement system description is captured in clause 7.6.1, with the PWS measurement system setup for OTA ICS
depicted on figure 7.6.1-3.

10.7.3A.2  Test procedure

10.7.3A.2.1 Stage 1: Calibration

Cdlibration procedure for the PWS shall be done with the procedure shown in clause 8.6, with power combiner/coupler.
Cadlculate the calibration value for wanted and interfering signal from A to C aswell asfrom A to D:

Lwanted_ca, A—c: Calibration value for wanted signal between A and Cin figure 7.6.1-3.

Linterferer_cal, A—p: Calibration value for interfering signal between A and D in figure 7.6.1-3.

10.7.3A.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:

1) Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase
center of the reference antenna A as shown in figure 7.6.1-3. The manufacturer declared coordinate system
orientation of the BS is set to be aligned with the testing system.

2) Configure RF signal generator for wanted signal to set it at the required level plus La_.c and at one side of the
frequency centre of reference measurement channel.

3) Configure RF signal generator for interferer to set it at the required level plus La—p and at the other side of the
frequency centre of reference measurement channel. The interferer should be adjacent to the wanted signal.

4) Measure the throughput of the wanted signal.

5) Repeat the steps 2 - 4 by exchange the locations of wanted signal and interfering signal in frequency domain at
the same channel.

6) Repeat steps above per involved band for multi-band RIB(S).

10.7.3A.3 MU value derivation, FR1
The MU budget and values for OTA ICS are the same as those for OTA ACS, described in clause 10.5.3A.3.

10.7.4 Maximum accepted test system uncertainty

The MU value for OTA ICSisthe same asthat for OTA ACS, described in clause 10.5.4.

10.7.5 Test Tolerance for OTA ICS

Considering the methodology described in clause 5.1, Test Tolerance values for OTA 1CS were derived based on values
in clause 10.5.4.

It has been agreed that the TT for the regulatory receiver directional regquirements should be zero, whilethe TT for other
receiver directional requirements should be equal to the MU.

Anoverview of the TT values for all the requirementsis captured in clause 18.

ETSI



3GPP TR 37.941 version 16.5.0 Release 16 189 ETSI TR 137 941 V16.5.0 (2023-07)

11 In-band TRP requirements

11.1 General

Clause 11 captures MU and TT values derivation for the in-band TRP requirements.

11.2  OTA BS output power

11.2.1 General

Clause 11.2 captures MU and TT values derivation for the OTA BS output power TRP requirement in Normal test
conditions.

11.2.2 Indoor Anechoic Chamber

11.2.2.1 Measurement system description

Measurement system description is captured in clause 7.2.1, with the Indoor Anechoic Chamber measurement system
setup depicted on figure 7.2.1-1.

NOTE: Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based
on errors under far-field conditions. If far-field conditions are not met an IAC may still be used but a
separate MU analysisis necessary.

11.2.2.2 Test procedure

11.2.2.2.1 Stage 1: Calibration

Cdlibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2 with the calibration system setup for
TX requirements depicted in figure 8.2-1.

11.2.2.2.2 Stage 2: BS measurement
The IAC testing procedure consists of the following steps:

1) Uninstall the reference antenna and install the BS with the manufacturer declared coordinate system reference
point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate
system orientation of the BSis set to be aligned with the testing system.

2) Rotate the BS to make the testing direction aligned with the direction of the receiving antenna.
3) Set the BSto transmit the test signal at the maximum power according to the applicable test model.
4) Measure the applicable test parameter.

5) Repeat the above steps 3 - 4 at a number of discrete directions around the sphere according to the chosen
measurement grid, see clause 6.3.3.

6) Caculate TRPsfrom EIRP, as shown in clause 6.3.

The appropriate test parameter in step 4 is the measured mean power Pr_gesred, 0 Within the desired signal channel
bandwidth for each carrier arriving at the measurement equipment connector at reference point D (figure 7.2.1-1).
Cadculation of EIRPy is done using the following equitation:

EIRPq = Pr desired, 0 + LTX_cal, A=D
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If the test facility only supports single polarization, then measure EIRP with the test facility's test

antenna/probe polarization matched to the BS, then measure and sum the EIRP on both polarizations. If
the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations and

calculate total radiated transmit power as the sum over both polarizations.

MU value derivation, FR1

Table 11.2.2.3-1: IAC MU value derivation for EIRP measurement of OTA BS output power, FR1

uiD Uncertainty source Uncertainty value Distribution Divisor Ci Standard uncertainty u;
(dB) of the based on (dB)
f< 3<f 4.2 probability | distributio f< 3<f< 42<f
3G < <f< n shape 3GHz | 42GHz <
Hz | 42G | 6G 6 GHz
Hz Hz
Stage 2: BS measurement

Al-1 | Positioning misalignment between | 0.03 | 0.03 | 0.03 | Rectangular 1.73 1 0.02 0.02 0.02

the BS and the reference antenna

Al1-2 | Pointing misalignment between 0.3 0.3 0.3 Rectangular 1.73 1 0.17 0.17 0.17

the BS and the receiving antenna

A1-3 | Quality of quiet zone 0.1 0.1 0.1 Gaussian 1.00 1 0.10 0.10 0.10
Al- | Polarization mismatch between 0.01 | 0.01 0.01 | Rectangular 1.73 1 0.01 0.01 0.01
4a | the BS and the receiving antenna
Al- | Mutual coupling between the BS 0 0 0 Rectangular 1.73 1 0.00 0.00 0.00
5a | and the receiving antenna

Al-6 | Phase curvature 0.05 | 0.05 | 0.05 Gaussian 1.00 1 0.05 0.05 0.05

C1-1 | Uncertainty of the RF power 0.14 | 0.26 | 0.26 Gaussian 1.00 1 0.14 0.26 0.26

measurement equipment

A1-7 | Impedance mismatch in the 0.14 | 0.33 | 0.33 U-shaped 1.41 1 0.10 0.23 0.23

receiving chain

A1-8 | Random uncertainty 0.1 0.1 0.1 Rectangular 1.73 1 0.06 0.06 0.06

Stage 1: Calibration measurement
A1-9 | Impedance mismatch between 0.05 | 0.05 | 0.05 U-shaped 1.41 1 0.04 0.04 0.04
the receiving antenna and the
network analyzer

Al- | Positioning and pointing 0.01 | 0.01 | 0.01 | Rectangular 1.73 1 0.01 0.01 0.01
10 misalignment between the

reference antenna and the
receiving antenna

Al- | Impedance mismatch between 0.05 | 0.05 | 0.05 U-shaped 1.41 1 0.04 0.04 0.04
11 the reference antenna and the

network analyzer.

A1-3 | Quality of quiet zone 0.10 | 0.10 | 0.10 Gaussian 1.00 1 0.10 0.10 0.10
Al- | Polarization mismatch for 0.01 | 0.01 0.01 | Rectangular 1.73 1 0.01 0.01 0.01
4b reference antenna
Al- | Mutual coupling between the 0.00 | 0.00 | 0.00 | Rectangular 1.73 1 0.00 0.00 0.00
5b reference antenna and the

receiving antenna

Al-6 | Phase curvature 0.05 | 0.05 | 0.05 Gaussian 1.00 1 0.05 0.05 0.05

C1-3 | Uncertainty of the network 0.13 | 0.20 | 0.20 Gaussian 1.00 1 0.13 0.20 0.20

analyzer

Al- | Influence of the reference 0.05 | 0.05 0.05 | Rectangular 1.73 1 0.03 0.03 0.03
12 antenna feed cable
Al- | Reference antenna feed cable 0.06 | 0.06 | 0.06 Gaussian 1.00 1 0.06 0.06 0.06
13 loss measurement uncertainty
Al- | Influence of the receiving antenna | 0.05 | 0.05 | 0.05 | Rectangular 1.73 1 0.03 0.03 0.03
14 | feed cable

C1-4 | Uncertainty of the absolute gainof | 0.50 | 0.43 | 0.43 | Rectangular 1.73 1 0.29 0.25 0.25

the reference antenna

Al- | Uncertainty of the absolute gain of | 0.00 | 0.00 | 0.00 | Rectangular 1.73 1 0.00 0.00 0.00
15 | the receiving antenna

Combined standard uncertainty (1o) (dB) 0.44 0.54 0.54

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.87 1.06 1.06
TRP summation error 0.75 0.75 0.75

Total MU 1.15 1.30 1.30
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11.2.3 Compact Antenna Test Range

11.2.3.1 Measurement system description

M easurement system description is captured in clause 7.3.1, with the Compact Antenna Test Range measurement
system setup depicted on figure 8.3-1.

11.2.3.2 Test procedure

11.2.3.2.1 Stage 1: Calibration
Cdlibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

NOTE: This stage may be omitted provided calibration stage has been performed already during output power
measurement.

11.2.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:

1) Setup BSin place of SGH from calibration stage. Align the coordinates system of the BS with that of the test
system.

2) Set the BSto transmit the test signal at the maximum power according to the applicable test model.
3) Rotate the BS to make the testing direction aigned with the direction of the receiving antenna.
4) Measure the applicable test parameter.

5) Repeat the above steps 2 - 4 at a number of discrete directions around the sphere according to the chosen
measurement grid, see clause 6.3.3.

6) Calculate TRPsfrom power density, as shown in clause 6.3.3.

The appropriate test parameter in step 5 is measured mean power Pr_desired, 8 Within the desired signal channel bandwidth
for each carrier arriving at the measurement equipment connector B in figure 8.3-1. Calculation of powerq is done using
the following equitation:

POWerq = PR _desired, B + LTX_cal, A—B

NOTE: If thetest facility only supports single polarization, then measure power with the test facility's test
antenna/probe polarization matched to the BS, then measure and sum the power on both polarizations. If
the test facility supports dual polarization then measure total power for two orthogonal polarizations and
calculate total radiated transmit power as the sum over both polarizations.

11.2.3.3 MU value derivation, FR1

Table 11.2.3.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power
measurementsin CATR (Normal test conditions, FR1).
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Table 11.2.3.3-1: CATR MU value derivation for OTA BS output power measurement, FR1

UID | Uncertainty source Uncertainty value (dB) Distribution Divisor based | c; Standard uncertainty u;
of the on (dB)
f< 3<fs 42<f probability distribution f< 3<fs 42<f
3G | 42GHz | £6GHz shape 3GH | 42GHz | £6 GHz
Hz z
Stage 2: BS measurement
A2- | Misalignment and 0.30 0.30 0.30 Rectangular 1.73 1| 0.173 0.173 0.173
18 | pointing error of BS
(for TRP)
C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1 | 0.140 0.260 0.260

1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)

A2- | Standing wave 0.21 0.21 0.21 U-shaped 141 1| 0.148 0.148 0.148
2a | between BS and test
range antenna

A2- | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1 | 0.001 0.001 0.001
3 connector terminated
& test range antenna
connector cable
terminated)

A2- | QZripple 0.09 0.09 0.09 Gaussian 1.00 1 | 0.093 0.093 0.093
4a | experienced by BS
A2- | Frequency flatness of | 0.25 0.25 0.25 Gaussian 1.00 1| 0.250 0.250 0.250

12 | test system

Stage 1: Calibration measurement

C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1| 013 0.20 0.20
3 network analyzer
A2- | Mismatch or receiver | 0.13 0.33 0.33 U-shaped 1.41 1| 0.09 0.23 0.23

5a | chain between
receiving antenna
and measurement

receiver
A2- | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1 0.10 0.10 0.10
6 receiver chain
A2- | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00

3 connector terminated
& test range antenna
connector cable
terminated)

A2- | Influence of the 0.02 0.02 0.02 U-shaped 141 1| 0.02 0.02 0.02
7 calibration antenna
feed cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25

4 absolute gain of the
reference antenna

A2- | Misalignment 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
8 positioning system
A2- | Misalignment and 0.50 0.50 0.50 Exp. normal 2.00 1 0.25 0.25 0.25

18b | pointing error of
calibration antenna

(for TRP)
A2- | Rotary joints 0.05 0.05 0.05 U-shaped 141 1| 0.03 0.03 0.03
9
A2- | Standing wave 0.09 0.09 0.09 U-shaped 141 1| 0.06 0.06 0.06

2b between calibration
antenna and test
range antenna

A2- | QZripple 0.01 0.01 0.01 Gaussian 1.00 1| 001 0.01 0.01
4b | experienced by
calibration antenna

A2- | Switching uncertainty | 0.26 0.26 0.26 Rectangular 1.73 1| 0.15 0.15 0.15
11

Combined standard uncertainty (1¢) (dB) 0.59 0.67 0.67

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.16 1.31 1.31

TRP summation error 0.75 0.75 0.75

Total MU 1.39 151 151
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11.2.3.4 MU value derivation, FR2

A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2.
The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1,
although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger
relative array apertures.

Table 11.2.3.4-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power
measurementsin CATR (Normal test conditions, FR2).

Table 11.2.3.4-1: CATR MU value derivation for OTA BS output power measurement, FR2

uiD Uncertainty source Uncertainty value Distribution of Divisor based ci | Standard uncertainty
(dB) the probability on distribution u; (dB)
2425 <f 37<f shape 2425 <f 37 <f
< <435 < <435
29.5 GHz GHz 29.5 GHz GHz
Stage 2: BS measurement
A2- | Misalignment and pointing 0.20 0.20 Exp. normal 2.00 1 0.10 0.10
la | error of BS (for EIRP)
C1- | Uncertainty of the RF power 0.50 0.70 Gaussian 1.00 1 0.50 0.70

1 measurement equipment
(e.g. spectrum analyzer,
power meter) - high power

A2- | Standing wave between BS 0.03 0.03 U-shaped 141 1 0.02 0.02
2a | and test range antenna
A2- | RF leakage (SGH connector 0.01 0.01 Gaussian 1.00 1 0.01 0.01

3 terminated & test range
antenna connector cable
terminated)

A2- | QZ ripple experienced by BS 0.40 0.40 Gaussian 1.00 1 0.40 0.40
4a

A2- | Frequency flatness of test 0.25 0.25 Gaussian 1.00 1 0.25 0.25
12 system

Stage 1: Calibration measurement

C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 analyzer

A2- | Mismatch of receiver chain 0.43 0.57 U-shaped 141 1 0.30 0.40

5a | between receiving antenna
and measurement receiver

A2- | Insertion loss of receiver 0.00 0.00 Rectangular 1.73 1 0.00 0.00
6 chain
A2- | RF leakage (SGH connector 0.01 0.01 Gaussian 1.00 1 0.01 0.01

3 terminated & test range
antenna connector cable
terminated)

A2- | Influence of the calibration 0.21 0.29 U-shaped 1.41 1 0.15 0.21
7 antenna feed cable
C1- | Uncertainty of the absolute 0.52 0.52 Rectangular 1.73 1 0.30 0.30
4 gain of the reference
antenna
A2- | Misalignment positioning 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
8 system
A2- | Misalignment and pointing 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
1b | error of calibration antenna
(for EIRP)
A2- | Rotary joints 0.00 0.00 U-shaped 141 1 0.00 0.00
9
A2- | Standing wave between 0.09 0.09 U-shaped 141 1 0.06 0.06

2b calibration antenna and test
range antenna

A2- | QZ ripple experienced by 0.01 0.01 Gaussian 1.00 1 0.01 0.01
4b | calibration antenna

Combined standard uncertainty (1o) (dB) 0.88 1.05

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.73 2.07
TRP summation error 1.20 1.20

Total MU 2.11 2.39
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11.2.4 Near Field Test Range

11.2.4.1 Measurement system description

Measurement system description is captured in clause 7.5.1.

In case of OTA BS output power measurements, NF to FF transform is not needed since TRP is computed based on
power density measured in Near Field by sampling properly the declared beam.

11.2.4.2 Test procedure

11.2.4.2.1 Stage 1: Calibration

Calibration procedure for the Near Field Test Range is captured in clause 8.5.

11.2.4.2.2 Stage 2: BS measurement
The NFTR testing procedure consists of the following steps:
1) Configure the beam of the BS according to the required conditions for the TRP test.
2) Set the BSto transmit the test signal at the maximum power according to the applicable test model.

3) Measure the power density at a number of points (Theta; Phi) in the beam according to the chosen measurement
grid. Refer to clause 6.3 for details about measurement grids for TRP measurements.

4) Calculate TRP from the measured power density asin clause 6.3.

11.2.4.3 MU value derivation, FR1

Table 11.2.4.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power
measurementsin NFTR (Normal test conditions, FR1).
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Table 11.2.4.3-1: NFTR MU value derivation for power density pattern measurement, FR1
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uiD Uncertainty source Uncertainty value (dB) Distributio Divisor Ci Standard uncertainty u;
n of the based on (dB)
f< 3<f< | 42<f | probability | distributio f< 3<fs | 42<f
3GHz | 42GH < n shape 3GHz | 4.2GH <
z 6 GHz z 6 GHz
Stage 2: BS measurement
A3-1 AXxes intersection 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
A3-2 | Axes orthogonality 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
A3-3 | Horizontal pointing 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
A3-4 | Probe vertical 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
position
A3-5 | Probe 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
horizontal/vertical
pointing
A3-6 | Measurement 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
distance
A3-7 | Amplitude and phase 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
drift
A3-8 | Amplitude and phase 0.02 0.02 0.02 Gaussian 1 1 0.02 0.02 0.02
noise
A3-9 | Leakage and 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
crosstalk
A3-10 | Amplitude non- 0.04 0.04 0.04 Gaussian 1 1 0.04 0.04 0.04
linearity
A3-11 | Amplitude and phase 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
shift in rotary joints
A3-12 | Channel balance 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
amplitude and phase
A3-13 | Probe polarization 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
amplitude and phase
A3-14 | Probe pattern 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
knowledge
A3-15 | Multiple reflections 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
A3-16 | Room scattering 0.09 0.09 0.09 Gaussian 1 1 0.09 0.09 0.09
A3-17 | BS support scattering 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
A3-21 | Positioning 0.03 0.03 0.03 Rectangular 1.73 1 0.02 0.02 0.02
A3-22 | Probe array 0.06 0.06 0.06 Gaussian 1 1 0.06 0.06 0.06
uniformity
A3-23 | Mismatch of receiver 0.28 0.28 0.28 U-Shaped 141 1 0.20 0.20 0.20
chain
A3-24 | Insertion loss of 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
receiver chain
A3-25 | Uncertainty of the 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
absolute gain of the
probe antenna
C1-1 | Uncertainty of the RF | 0.14 0.26 0.26 Gaussian 1 1 0.14 0.26 0.26
power measurement
equipment (e.g.
spectrum analyzer,
power meter)
A3-26 | Measurement 0.15 0.15 0.15 Gaussian 1 1 0.15 0.15 0.15
repeatability -
positioning
repeatability
A3-33 Frequency flatness of 0.25 0.25 0.25 Gaussian 1 1 0.25 0.25 0.25
test system
Stage 1: Calibration measurement
C1-3 | Uncertainty of the 0.13 0.20 0.20 Gaussian 1 1 0.13 0.20 0.20
network analyzer
A3-27 | Mismatch of receiver 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
chain
A3-28 | Insertion loss of 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
receiver chain
A3-29 | Mismatch in the 0.02 0.02 0.02 U-Shaped 1.41 1 0.01 0.01 0.01
connection of the
calibration antenna
A3-30 | Influence of the 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
calibration antenna feed
cable
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A3-31 | Influence of the probe 0.00 0.00 0.00 Gaussian 1 1 0.00 0.00 0.00
antenna cable
C1-4 Uncertainty of the 0.50 0.43 0.43 Rectangular 1.7321 1 0.29 0.25 0.25

absolute gain of the
reference antenna

A3-32 | Short term repeatability 0.09 0.09 0.09 Gaussian 1 1 0.09 0.09 0.09
Combined standard uncertainty (1) (dB) 0.52 0.56 0.56

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.01 1.10 1.10

TRP summation error 0.75 0.75 0.75

Total MU 1.26 1.33 1.33

11.2.5 Reverberation Chamber

11.25.1 Measurement system description

Measurement system description is captured in clause 7.7.1.
11.2.5.2 Test procedure

11.25.2.1 Stage 1: Calibration

Cdlibration procedure for the Reverberation chamber is captured in clause 8.7.

11.2.5.2.2 Stage 2: BS measurement

TRP calculation in an RC does not rely on a coordinate system and as such no reference coordinate system is defined
for the RC method, and no alignment between BS and test system is required. The BS should be placed/mounted in the
working volume of the RC. It isadvised (but not mandatory) to orient the BSis such away that its antenna boresight is
pointing towards a well-stirred part of the chamber (such as towards the stirrer).

The RC testing procedure consists of the following steps:
1. Calculate Ambient Power Level:

1) Connect the RX antennato a calibrated receiver test equipment using the same cables as in the calibration step.
Turn on the BS control. Keep the BS RF power off. Terminate the REF TX ant in a50 Q load. See figure 8.7-1

(b).
2
2) Measure the voltage data Uam, and calculate the ambient power level as Pam) :T
. 77M (r)
3) Calculate the ambient TRP level as TRp = fl) .
aml P r aml

2. Caculate BSTRP:
1) Turnonthe BS RF power and measure the received voltage Ugs, see figure 8.7-1 (c).

2
2) Calculate the BS power as: Pys = _“”?g' )

™
3) Calculatethe TRP fromthe BSas: TRPys = %PBS

4) Thefollowing tests shall be performed on the measurement data:
- The dynamic range TRPgs/ TRPam, must be at least 20 dB.

- The number of uncorrelated samples, calculated viathe auto-correlation function, see [35], shall be at |east
250.
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Thereis no need for additional directional measurementsto the stirring cycle. In awell-stirred chamber, al directional
components will be contained in the samples collected during the measurement cycle and accounted for correctly in the
final TRP calculation.

NOTE: A reverberation chamber does not represent a real-life deployment for the BS and can be considered as a
hostile environment due to the potentially high field strengths. Therefore, it isimportant to make sure that
the BSis operating properly throughout the entire measurement.

11.2.5.3 MU value derivation, FR1

Table 11.2.5.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power
measurements in Reverberation Chamber (Normal test conditions, FR1).

Table 11.2.5.3-1: Reverberation chamber MU value derivation for OTA BS output power, FR1

uID Uncertainty source Uncertainty value (dB) Distributio | Diviso | c¢; | Standard uncertainty u;
n of the r (dB)
fs 3<f | 42<f | probability | based f< 3<f | 42<f
3GH < < on 3 GH < <
z 42G | 6GHz distri z 42G | 6GHz
Hz butio Hz
n
shape

Stage 2: BS measurement
C1l-1 Uncertainty of the RF power 0.14 0.26 0.26 Gaussian 1.00 1 0.14 0.26 0.26
measurement equipment
(e.g. spectrum analyzer,
power meter)
A6-1 Impedance mismatch in the 0.20 0.20 0.20 U-shaped 141 1 0.14 0.14 0.14
receiving chain
AB-2 Random uncertainty 0.10 0.10 0.10 Rectangular 1.73 1 0.06 0.06 0.06
Stage 1: Calibration measurement
AB-3 Reference antenna radiation 0.20 0.20 0.20 Gaussian 1.00 1 0.20 0.20 0.20
efficiency
A6-4 Mean value estimation of 0.15 0.15 0.15 Gaussian 1.00 1 0.15 0.15 0.15
reference antenna mismatch
efficiency
C1-3 Uncertainty of the network 0.13 0.20 0.20 Gaussian 1.00 1 0.13 0.20 0.20
analyzer
AB-5 Influence of the reference 0.20 0.20 0.20 Gaussian 1.00 1 0.20 0.20 0.20
antenna feed cable
AB6-6 Mean value estimation of 0.27 0.27 0.27 Gaussian 1.00 1 0.27 0.27 0.27
transfer function
AB-7 Uniformity of transfer function 0.50 0.50 0.50 Gaussian 1.00 1 0.50 0.50 0.50
Combined standard uncertainty (1) (dB) 0.70 0.75 0.75
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.37 1.46 1.46

11.25.4 MU value derivation, FR2

Table 11.2.5.4-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power
measurements in Reverberation Chamber (Normal test conditions, FR2).
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Table 11.2.5.4-1: Reverberation chamber MU value derivation for OTA BS output power, FR2

uib Uncertainty source Uncertainty value Distribution of Divisor based ci | Standard uncertainty
(dB) the probability on distribution u; (dB)
2425 <f 37<f shape 24.25<f 37<f
< <435 < <435
29.5 GHz GHz 29.5 GHz GHz
Stage 2: BS measurement
C1- | Uncertainty of the RF power 0.50 0.70 Gaussian 1.00 1 0.50 0.70
1 measurement equipment
(e.g. spectrum analyzer,
power meter) - high power
(EIRP, TRP)
A6- | Impedance mismatch in the 0.20 0.20 U-shaped 141 1 0.14 0.14
1 receiving chain
A6- | Random uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06
2
Stage 1: Calibration measurement
A6- | Reference antenna radiation 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 efficiency
A6- | Mean value estimation of 0.27 0.27 Gaussian 1.00 1 0.27 0.27
4 reference antenna mismatch
efficiency
C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 analyzer
A6- | Influence of the reference 0.20 0.20 Gaussian 1.00 1 0.20 0.20
5 antenna feed cable
A6- | Mean value estimation of 0.27 0.27 Gaussian 1.00 1 0.27 0.27
6 transfer function
A6- | Uniformity of transfer 0.50 0.50 Gaussian 1.00 1 0.50 0.50
7 function
Combined standard uncertainty (1o) (dB) 0.94 1.06
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.85 2.08

11.2.6 Plane Wave Synthesizer

11.2.6.1 Measurement system description

Measurement system description is captured in clause 7.6.1.
11.2.6.2 Test procedure

11.2.6.2.1 Stage 1: Calibration

Calibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.

11.2.6.2.2 Stage 2: BS measurement
The PWS testing procedure consists of the following steps:

1) Install the BS as BS with the manufacturer declared coordinate system reference point in the same place as the
phase center of the reference antenna A as shown in figure 7.6.1-1. The manufacturer declared coordinate system
orientation of the BS is set to be aligned with the testing system.

2) Set the BSto generate the tested beam with the applicable test model with the beam peak direction intended to
be the same as the testing direction.

3) Measure the appropriate test parameter at the measurement equipment (such as a spectrum analyzer or power
meter) denoted in figure 7.6.1-1.

4) Repeat the above steps 2 - 3 at a number of discrete directions around the sphere according to the chosen
measurement grid, see clause 6.3.3.

5) Calculate TRPsfrom power density, as shown in clause 6.3.3.
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The appropriate test parameter in step 4 is mean power Pr_desired, ¢, Within the desired signal channel bandwidth for each
carrier arriving at the measurement equipment connector C in figure 7.6.1-1. Calculation of power. is done using the
following equitation:

powerc = PR desired,c + L

NOTE: If thetest facility only supports single polarization, then measure power with the test facility's test
antenna/probe polarization matched to the BS, then measure and sum the power on both polarizations. If
the test facility supports dual polarization then measure total power for two orthogonal polarizations and
calculate total radiated transmit power as the sum over both polarizations.

11.2.6.3 MU value derivation, FR1

Table 11.2.6.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power
measurementsin PWS.
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Table 11.2.6.3-1: PWS MU value derivation for OTA BS output power

uiD Uncertainty source Uncertainty value (dB) Distribution Divisor based | c; Standard uncertainty u;
of the on (dB)
fs 3<fs 42<f probability distribution fs 3<fs< 42<f
3G 4.2 GH < shape 3GH 4.2 GH <
Hz z 6 GHz z z 6 GHz
Stage 2: BS measurement

A7- | Misalignment and 0.10 0.10 0.10 Rectangular 1.73 1 0.06 0.06 0.06

la | pointing error of BS

C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1| 014 0.26 0.26

1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)

A7- | Longitudinal position 0.05 0.14 0.20 Rectangular 1.73 1| 0.03 0.08 0.12
2a | uncertainty (i.e.
standing wave and
imperfect field
synthesis) for BS
antenna

A7- | RF leakage 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
3 (calibration antenna
connector terminated)

A7- | QZ ripple experienced 0.42 0.43 0.57 Rectangular 1.73 1| 024 0.25 0.33
4a | by BS

A7- | Miscellaneous 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
5 uncertainty

A7- | System non-linearity 0.10 0.10 0.15 Rectangular 1.73 1| 0.06 0.06 0.09
14

A7- | Frequency flatness of 0.13 0.13 0.13 Rectangular 1.73 1| 0.08 0.08 0.08

13 | test system

Stage 1: Calibration measurement

C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1] 013 0.20 0.20
3 network analyzer
A7- | Mismatch (i.e. 0.13 0.33 0.33 U-shaped 1.41 1| 0.09 0.23 0.23

6 reference antenna,
network analyser and
reference cable)

A7- | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1 0.10 0.10 0.10
7 receiver chain
A7- | RF leakage 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09

3 (calibration antenna
connector terminated)

A7- | Influence of the 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
8 calibration antenna
feed cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25

4 absolute gain of the
reference antenna

A7- | Misalignment of 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
9 positioning system
A7- | Misalignment and 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03

1b | pointing error of
calibration antenna

A7- | Rotary joints 0.00 0.00 0.00 U-shaped 1.73 1| 0.00 0.00 0.00
10
A7- | Longitudinal position 0.12 0.12 0.15 Rectangular 1.73 1| 0.07 0.07 0.09

2b | uncertainty (i.e.
standing wave and
imperfect field
synthesis) for
calibration antenna

A7- | QZ ripple experienced 0.20 0.20 0.20 Rectangular 1.73 1] 012 0.12 0.12
4b | by calibration antenna

A7- | Switching uncertainty 0.02 0.02 0.02 Rectangular 1.73 1| 0.01 0.01 0.01
11

A7- | Field repeatability 0.06 0.12 0.15 Gaussian 1.00 1| 0.06 0.12 0.15
12

Combined standard uncertainty (1o) (dB) 0.50 0.60 0.66

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.98 1.18 1.29

TRP summation error 0.75 0.75 0.75

Total MU 1.24 1.40 1.49
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11.2.7 Maximum accepted test system uncertainty

For the frequency range up to 4.2 GHz, the same MU values asfor E-UTRA in TS 37.145-2 [4] were adopted. Itis
expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly
similar. All uncertainty factors were judged to be the same.

For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same
asfor the 3 - 4.2 GHz range, and thus the total MU for 4.2 — 6 GHz isthe same as for 3 - 4.2 GHz. This assessment was
made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.

For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE
(see clause 12.10), the MU was decided to be 2.1 dB for the frequency range 24.25 < f < 29.5 GHz and 2.4 dB for the
frequency range 37 < f < 43.5 GHz.

Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test
system uncertainty val ues was derived based on test system specific values.

According to the methodol ogy referred above, the common maximum accepted test system uncertainty values for OTA
BS output power test can be derived from values captured in table 11.2.7-1 for FR1 and in table 11.2.7-2 for FR2,
derived based on the expanded uncertainty u. (1.96c - confidence interval of 95 %) values. The common maximum
accepted test system uncertainty values are applicable for all test methods addressing OTA BS output power test
requirement.

Table 11.2.7-1: Test system specific MU values for the OTA BS output power test, Normal test
conditions, FR1

Expanded uncertainty ue (dB)
f<3GHz 3GHz<f< 42GHz<f<
4.2 GHz 6 GHz
Indoor Anechoic Chamber 1.15 1.30 1.30
Compact Antenna Test Range 1.39 1.51 1.51
Near Field Test Range 1.26 1.33 1.33
Plane Wave Synthesizer 1.24 1.40 1.49
Reverberation Chamber 1.37 1.46 1.46
Common maximum accepted test system 1.4 15 15
uncertainty

Table 11.2.7-2: Test system specific MU values for the OTA BS output power test, Normal test
conditions, FR2

Expanded uncertainty ue (dB)
2425 <f< 37<f<435 | 43.5<f<482
29.5 GHz GHz GHz
Indoor Anechoic Chamber -
Compact Antenna Test Range 2.11 2.39
Near Field Test Range
Reverberation chamber 1.85 2.08
Plane Wave Synthesizer -
Common maximum accepted test system uncertainty 2.1 2.4 2.6

NOTE: MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU
values for lower frequency ranges). MU extrapolation approach was used instead of the typical
derivation of the Expanded MU based on the MU budget calculations, as in case of lower frequency

ranges.

An overview of the MU valuesfor all the requirementsis captured in clause 17.

11.2.8 Test Tolerance for OTA BS output power

Considering the methodology described in clause 5.1, Test Tolerance values for OTA BS output power were derived
based on values captured in clause 11.2.7.

The TT value was agreed to be the same as the MU value, both for FR1 and FR2.
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Frequency range specific Test Tolerance values for the OTA BS output power test are defined in table 11.2.8-1 for FR1
and in table 11.2.8-2 for FR2.

Table 11.2.8-1: Test Tolerance values for the OTA BS output power, Normal test conditions, FR1

f< 3GHz<f< 42GHz<f<
3 GHz 4.2 GHz 6 GHz
Test Tolerance (dB) 1.4 15 1.5

Table 11.2.8-2: Test Tolerance values for the OTA BS output power, Normal test conditions, FR2

24.25 < f <29.5 GHz 37 <f<43.5GHz 43.5<f<48.2 GHz

Test Tolerance (dB) 2.1 2.4 2.6

Anoverview of the TT values for all the requirementsis captured in clause 18.

11.3 OTAACLR

11.3.1 General

Clause 11.3 captures MU and TT values derivation for the OTA ACLR TRP requirement in Normal test conditions.

11.3.2 Indoor Anechoic Chamber

11.3.2.1 Measurement system description

M easurement system description is captured in clause 7.2.1, with the Indoor Anechoic Chamber measurement system
setup depicted on figure 7.2.1-1.

NOTE: Whilst the TRP estimation does not require far-field conditions explicitly the MU budget below is based
on errors under far-field conditions. If far-field conditions are not met an in-door anechoic chamber may
be used but a separate MU analysisis necessary.

11.3.2.2 Test procedure

11.3.2.2.1 Stage 1: Calibration

Calibration procedure for the Indoor Anechoic Chamber is captured in clause 8.2 with the calibration system setup for
TX requirements depicted in figure 8.2-1.

Cdlibration shall be performed individually for both the wanted signal and adjacent channel frequencies.

11.3.2.2.2 Stage 2: BS measurement

Reference IAC procedurein clause 11.2.2.2.2 (i.e. the same procedure as for OTA BS output power measurement in
IAC). The appropriate parametersin step 4 are:

PR desired, 0: Measured mean power within the desired signal channel bandwidth for each carrier at the
measurement equipment connector at D in figure 7.2.1-1.

Pr_emisson, o: Measured mean emission power in the neighbouring channel bandwidth for each carrier at the
measurement equipment connector at D in figure 7.2.1-1.

Calculation of powery and powere is done using following formulas:
powery = PR desired, 0 + LTX_ca, A—D

powere = PR _emisson, 0 + LTx_ca, A=D
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After calculation of TRP from power as shown in clause 6.3 calculate the OTA ACLR.

11.3.2.3 MU value derivation, FR1

Table 11.3.2.3-1 captures derivation of the expanded measurement uncertainty values for absolute OTA ACLR
measurementsin in Indoor Anechoic Chamber (Normal test conditions, FR1).
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Table 11.3.2.3-1: IAC MU value derivation for the absolute OTA ACLR measurement
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uID Uncertainty source Uncertainty value (dB) Distribution Divisor based | c¢; Standard uncertainty u;
of the on (dB)
f< 3<f< 42<f probability distribution f< 3<f< 42<f
3G | 42GHz | €6 GHz shape 3G | 42GHz | €6 GHz
Hz Hz
Stage 2: BS measurement
Al- | Positioning 0.03 0.03 0.03 Rectangular 1.73 1| 0.02 0.02 0.02

1 misalignment between
the BS and the
reference antenna
Al- | Pointing misalignment 0.30 0.30 0.30 Rectangular 1.73 1] 0.17 0.17 0.17
2 between the BS and
the receiving antenna

Al- | Quality of quiet zone 0.10 0.10 0.10 Gaussian 1.00 1] 0.10 0.10 0.10
3
Al- | Polarization mismatch 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01

4a | between the BS and
the receiving antenna
Al- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
5a | between the BS and
the receiving antenna

Al- | Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1| 0.05 0.05 0.05
6
C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1| 014 0.26 0.26

1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)

Al- | Impedance mismatch 0.14 0.33 0.33 U-shaped 1.41 1| 0.10 0.23 0.23
7 in the receiving chain

Al- | Random uncertainty 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
8

Stage 1: Calibration measurement
Al- | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
9 between the receiving
antenna and the
network analyzer
Al- | Positioning and 0.01 0.01 0.01 Rectangular 1.73 1| 0.01 0.01 0.01
10 | pointing misalignment
between the reference
antenna and the
receiving antenna
Al- | Impedance mismatch 0.05 0.05 0.05 U-shaped 1.41 1| 0.04 0.04 0.04
11 | between the reference
antenna and the
network analyzer.

Al- | Quality of quiet zone 0.10 0.10 0.10 Gaussian 1.00 1| 0.10 0.10 0.10
3
Al- | Polarization mismatch 0.01 0.01 0.01 Rectangular 1.73 1] 0.01 0.01 0.01

4b | between the reference
antenna and the
receiving antenna

Al- | Mutual coupling 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
5b | between the reference
antenna and the
receiving antenna

Al- | Phase curvature 0.05 0.05 0.05 Gaussian 1.00 1| 0.05 0.05 0.05
6
C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1] 013 0.20 0.20
3 network analyzer
Al- | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
12 | reference antenna
feed cable
Al- | Reference antenna 0.06 0.06 0.06 Gaussian 1.00 1| 0.06 0.06 0.06
13 | feed cable loss
measurement
uncertainty
Al- | Influence of the 0.05 0.05 0.05 Rectangular 1.73 1| 0.03 0.03 0.03
14 | receiving antenna feed
cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1] 0.29 0.25 0.25

4 absolute gain of the
reference antenna
Al- | Uncertainty of the 0.00 0.00 0.00 Rectangular 1.73 1| 0.00 0.00 0.00
15 | absolute gain of the
receiving antenna
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Combined standard uncertainty (1o) (dB) 0.44 0.54 0.54

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.87 1.06 1.06
TRP summation error 0.75 0.75 0.75

Total MU 1.15 1.30 1.30

11.3.3 Compact Antenna Test Range

11.3.3.1 Measurement system description

Measurement system description is captured in clause 7.3.1, with the Compact Antenna Test Range measurement
system setup depicted on figure 8.3-1.

11.3.3.2 Test procedure

11.3.3.2.1 Stage 1: Calibration
Cdlibration procedure for the Compact Antenna Test Range is captured in clause 8.3.

NOTE: This stage may be omitted provided calibration stage has been performed already during output power
measurement.

11.3.3.2.2 Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1) Align BS with boresight of the range antenna.

2) Configure carrier at a power level according to the manufacturer's declared rated output power and test
configuration.

3) Measure wanted and adjacent channel power for the frequency offsets both side of carrier frequency considering
both polarizations of the range antenna. In multiple carrier case only offset frequencies below the lowest and
above the offsets highest carrier frequency used shall be measured for ACLR; offsets in between carriers may be
subject to CACLR.

4) Repeat step 3 for additional points for all necessary points needed for full TRP for the wanted signal and
adjacent channel emissions.

5) Calculate ACLR or CACLR from the wanted signal TRP and the adjacent channel emissions TRP.
The appropriate parametersin step 3 are:

Pr_desired, 0: Measured mean power within the desired signal channel bandwidth for each carrier at the
measurement equipment connector at D in figure 7.3.1-1.

Pr_emisson, o: Measured mean emission power in the neighbouring channel bandwidth for each carrier at the
measurement equipment connector at D in figure 7.3.1-1.

Calculation of Powerq and Power. is done using following formulas;
Powerq = Pr desired, 0 + LTX_ca, A=D
Powere = Pr_emission, 0 + LTX_ca, A—D

After calculation of TRP from power as shown in clause 6.3, calculate the OTA ACLR.

11.3.3.3 MU value derivation, FR1

Table 11.3.3.3-1 captures derivation of the expanded measurement uncertainty values for absolute OTA ACLR
measurements in in Compact Antenna Test Range (Normal test conditions, FR1).
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Table 11.3.3.3-2 captures derivation of the expanded measurement uncertainty values for relative OTA ACLR
measurementsin in Indoor Anechoic Chamber (Normal test conditions, FR1).

Table 11.3.3.3-1: CATR MU value derivation for the EIRP measurement of the absolute OTA ACLR,

FR1
uiD Uncertainty source Uncertainty value (dB) Distribution Divisor based | c; Standard uncertainty u;
of the on (dB)
f< 3<fs 42<f probability distribution f< 3<f< 42<f
3G | 42GHz | £6GHz shape 3G | 42GHz | €6 GHz
Hz Hz
Stage 2: BS measurement
A2- | Misalignment and 0.30 0.30 0.30 Rectangular 1.73 1| 017 0.17 0.17
18a | pointing error of BS
(for TRP)
C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1| 014 0.26 0.26

1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)

A2- | Standing wave 0.21 0.21 0.21 U-shaped 1.41 1| 0.15 0.15 0.15
2a | between BS and test
range antenna

A2- | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
3 connector terminated
& test range antenna
connector cable
terminated)

A2- | QZripple experienced | 0.09 0.09 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
4a | by BS
A2- | Frequency flatness of 0.25 0.25 0.25 Gaussian 1.00 1| 0.25 0.25 0.25

12 | test system

Stage 1: Calibration measurement

C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1013 0.20 0.20
3 network analyzer
A2- | Mismatch of receiver 0.13 0.33 0.33 U-shaped 1.41 1| 0.09 0.23 0.23

5a | chain between
receiving antenna and
measurement receiver

A2- | Insertion loss of 0.18 0.18 0.18 Rectangular 1.73 1| 0.10 0.10 0.10
6 receiver chain
A2- | RF leakage (SGH 0.00 0.00 0.00 Gaussian 1.00 1| 0.00 0.00 0.00

3 connector terminated
& test range antenna
connector cable
terminated)

A2- | Influence of the 0.02 0.02 0.02 U-shaped 1.41 1| 0.02 0.02 0.02
7 calibration antenna
feed cable
C1- | Uncertainty of the 0.50 0.43 0.43 Rectangular 1.73 1| 0.29 0.25 0.25

4 absolute gain of the
reference antenna

A2- | Misalignment 0.00 0.00 0.00 Exp. normal 2.00 1| 0.00 0.00 0.00
8 positioning system
A2- | Misalignment and 0.50 0.50 0.50 Exp. normal 2.00 1| 0.25 0.25 0.25

18b | pointing error of
calibration antenna

(for TRP)
A2- | Rotary joints 0.05 0.05 0.05 U-shaped 141 1| 0.03 0.03 0.03
9
A2- | Standing wave 0.09 0.09 0.09 U-shaped 1.41 1| 0.06 0.06 0.06

2b | between calibration
antenna and test
range antenna

A2- | QZripple experienced | 0.01 0.01 0.01 Gaussian 1.00 1| 0.01 0.01 0.01
4b | by calibration antenna

A2- | Switching uncertainty 0.26 0.26 0.26 Rectangular 1.73 1| 0.15 0.15 0.15

11

Combined standard uncertainty (1¢) (dB) 0.59 0.67 0.67

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.16 1.31 1.31

TRP summation error 0.75 0.75 0.75

Total MU 1.39 151 151
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Table 11.3.3.3-2: CATR MU value derivation for the EIRP measurement of the relative OTA ACLR, FR1

uiD Uncertainty source Uncertainty value Distribution | Divisor Ci Standard
(dB) of the based uncertainty u; (dB)
fs 3<f | 42< | probability on f< 3<f | 42<
3G < f< distrib 3G < fs
Hz 4.2 6 GH ution Hz 4.2 6 GH
GHz z shape GHz z

Stage 2: BS measurement
A2-18a | Misalignment and pointing 0.30 | 0.30 | 0.30 Rectangular 1.73 1 0.17 | 0.17 | 0.17
error of BS (a) (for TRP)
C1l-1 Uncertainty of the RF power 0.14 | 0.26 | 0.26 Gaussian 1.00 1 0.14 | 0.26 | 0.26
measurement equipment
(e.g. spectrum analyzer,
power meter)

A2-4a QZ ripple experienced by BS | 0.09 | 0.09 | 0.09 Gaussian 1.00 1 0.09 | 0.09 | 0.09
A2-12 Frequency flatness of test 0.25 | 0.25 | 0.25 Gaussian 1.00 1 0.25 | 0.25 | 0.25
system
Stage 1: Calibration measurement
C1-3 Uncertainty of the network 0.13 | 0.20 | 0.20 Gaussian 1.00 1 0.13 | 0.20 | 0.20
analyzer
A2-5a Mismatch of receiver chain 0.13 | 0.33 | 0.33 U-shaped 141 1 0.09 | 0.23 | 0.23

between receiving antenna
and measurement receiver

A2-6 Insertion loss of receiver 0.18 | 0.18 | 0.18 | Rectangular 1.73 1 0.10 | 0.10 | 0.10
chain

A2-11 Switching uncertainty 0.26 | 0.26 | 0.26 | Rectangular 1.73 1 0.15 | 0.15 | 0.15

Combined standard uncertainty (1o) (dB) 0.42 | 0.54 | 0.54

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 0.83 | 1.06 | 1.06

TRP summation error 0.75 | 0.75 | 0.75

Total MU 1.12 | 1.30 1.30

11.3.3.4 MU value derivation, FR2

A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2.
The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1,
although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger
relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed,
calibration of the spectrum analyzer may be needed.

Table 11.3.3.4-1 captures derivation of the expanded measurement uncertainty values for absolute OTA ACLR
measurements in in Compact Antenna Test Range (Normal test conditions, FR2).

Table 11.3.3.4-2 captures derivation of the expanded measurement uncertainty values for relative OTA ACLR
measurements in in Compact Antenna Test Range (Normal test conditions, FR2).
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Table 11.3.3.4-1: CATR MU value derivation for the EIRP measurement of the absolute OTA ACLR,

FR2
uiD Uncertainty source Uncertainty value Distribution of Divisor based ci | Standard uncertainty
(dB) the probability on distribution u; (dB)
2425 <f 37<f shape 2425 <f 37<f
< <435 < <435
29.5 GHz GHz 29.5 GHz GHz
Stage 2: BS measurement
A2- | Misalignment and pointing 0.20 0.20 Exp. normal 2.00 1 0.10 0.10
la | error of BS (for EIRP)
C1- | Uncertainty of the RF power 0.90 0.90 Gaussian 1.00 1 0.90 0.90
7 measurement equipment
(e.g. spectrum analyzer,
power meter) - low power
(UEM, absolute ACLR)
A2- | Standing wave between BS 0.03 0.03 U-shaped 1.41 1 0.02 0.02
2a | and test range antenna
A2- | RF leakage (SGH connector 0.01 0.01 Gaussian 1.00 1 0.01 0.01
3 terminated & test range
antenna connector cable
terminated)
A2- | QZ ripple experienced by BS 0.40 0.40 Gaussian 1.00 1 0.40 0.40
4a
A2- | Frequency flatness of test 0.25 0.25 Gaussian 1.00 1 0.25 0.25
12 | system
Stage 1: Calibration measurement
C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 analyzer
A2- | Mismatch of receiver chain 0.72 0.72 U-shaped 1.41 1 0.51 0.51
5b | for low power
A2- | Insertion loss in receiver 0.00 0.00 Rectangular 1.73 1 0.00 0.00
6 chain
C2- | RF leakage (SGH connector 0.01 0.01 Gaussian 1.00 1 0.01 0.01

3 terminated & test range
antenna connector cable
terminated)

A2- | Influence of the calibration 0.21 0.29 U-shaped 1.41 1 0.15 0.21
7 antenna feed cable

C1- | Uncertainty of the absolute 0.52 0.52 Rectangular 1.73 1 0.30 0.30
4 gain of the reference antenna

A2- | Misalignment positioning 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
8 system

A2- | Misalignment and pointing 0.00 0.00 Exp. normal 2.00 1 0.00 0.00
1b | error of calibration antenna

(for EIRP)

A2- | Rotary joints 0.00 0.00 U-shaped 141 1 0.00 0.00
9

A2- | Standing wave between 0.09 0.09 U-shaped 1.41 1 0.06 0.06

2b calibration antenna and test
range antenna

A2- | QZ ripple experienced by 0.01 0.01 Gaussian 1.00 1 0.01 0.01
4b | calibration antenna

A2- | Switching uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06

11

Combined standard uncertainty (1¢) (dB) 1.23 1.24

Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 2.41 2.43

TRP summation error 1.20 1.20

Total MU 2.69 2.71
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Table 11.3.3.4-2: CATR MU value derivation for the EIRP measurement of the relative OTA ACLR, FR2

uiD Uncertainty source Uncertainty value Distribution of Divisor based ci | Standard uncertainty
(dB) the probability on distribution u; (dB)
24.25 < f 37<f shape 2425 < f 37<f
< <435 < <435
29.5 GHz GHz 29.5 GHz GHz
Stage 2: BS measurement
A2- | Misalignment and pointing 0.20 0.20 Exp. normal 2.00 1 0.10 0.10
la | error of BS (for EIRP)
C1- | Uncertainty of the RF power 0.75 0.90 Gaussian 1.00 1 0.75 0.90

8 measurement equipment
(e.g. spectrum analyzer,
power meter) - relative

(ACLR)
A2- | QZ ripple experienced by BS 0.40 0.40 Gaussian 1.00 1 0.40 0.40
4a
A2- | Frequency flatness of test 0.25 0.25 Gaussian 1.00 1 0.25 0.25
12 | system

Stage 1: Calibration measurement

C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 analyzer
A2- | Mismatch of receiver chain 0.43 0.57 U-shaped 1.41 1 0.30 0.40

5a | between receiving antenna
and measurement receiver

A2- | Insertion loss in receiver 0.00 0.00 Rectangular 1.73 1 0.00 0.00
6 chain

A2- | Switching uncertainty 0.10 0.10 Rectangular 1.73 0 0.06 0.06
11

Combined standard uncertainty (1) (dB) 0.99 1.14

Expanded uncertainty (1.96c - confidence interval of 95 %) (dB) 1.94 2.23

TRP summation error 1.20 1.20

Total MU 2.28 2.54

11.3.4 Near Field Test Range

11.34.1 Measurement system description
M easurement system description is captured in clause 7.5.1.

In case of OTA ACLR measurement, the NF to FF transform is not needed since ACLR is based on TRP.
11.3.4.2 Test procedure

11.3.4.2.1 Stage 1: Calibration

Cdlibration procedure for the Near Field Test Range is captured in clause 8.5.

11.3.4.2.2 Stage 2: BS measurement
The NFTR procedure for absolute ACLR OTA measurement consists of the following steps:
1. Configure TX branch and carrier according to the required test configuration

2. Measurein Near Field ACLR and CALCR for the frequency offsets both side of carrier frequency for both
polarizations. In multiple carrier case only offset frequencies below the lowest and above the offsets highest
carrier frequency used shall be measured.

a. Power is measured Near Field —no NF to FF transform is applied.

b. Full sphere power is measured with using a defined sampling grid (refer to clause 6.3 for proper
measurement grids).

3. Calculate TRP.
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11.3.4.3 MU value derivation, FR1

Table 11.3.4.3-1 captures derivation of the expanded measurement uncertainty values for OTA ACLR measurementsin
NFTR (Normal test conditions, FR1).
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Table 11.3.4.3-1: NFTR MU value derivation for absolute ACLR measurement

UID Uncertainty source Uncertainty value Distribution Divisor Ci Standard uncertainty
(dB) of the based ui (dB)
fs 3<f | 4.2 probability on fs 3<fs 4.2
3G < <f< distribut 3GH | 42G | <f<
Hz 4.2 6G ion z Hz 6G
GHz | Hz shape Hz
Stage 2: BS measurement
A3-1 | Axes intersection 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-2 | Axes orthogonality 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-3 | Horizontal pointing 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-4 | Probe vertical position 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 | 0.00
A3-5 | Probe horizontal/vertical 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
pointing
A3-6 Measurement distance 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-7 | Amplitude and phase drift | 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-8 Amplitude and phase 0.02 | 0.02 | 0.02 Gaussian 1.00 1 0.02 0.02 0.02
noise
A3-9 | Leakage and crosstalk 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-10 | Amplitude non-linearity 0.04 | 0.04 | 0.04 Gaussian 1.00 1| 0.04 0.04 0.04
A3-11 | Amplitude and phase 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
shift in rotary joints
A3-12 | Channel balance 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
amplitude and phase
A3-13 | Probe polarization 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
amplitude and phase
A3-14 | Probe pattern knowledge | 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-15 | Multiple reflections 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 0.00 0.00
A3-16 | Room scattering 0.09 | 0.09 | 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
A3-17 | BS support scattering 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00
A3-21 | Positioning 0.03 | 0.03 | 0.03 | Rectangular 1.73 1| 0.02 0.02 0.02
A3-22 | Probe array uniformity 0.06 | 0.06 | 0.06 Gaussian 1.00 1| 0.06 0.06 0.06
A3-23 | Mismatch of receiver 0.28 | 0.28 | 0.28 U-Shaped 1.41 1 0.20 0.20 0.20
chain
A3-24 | Insertion loss of receiver 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 | 0.00
chain
A3-25 | Uncertainty of the 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00

absolute gain of the
probe antenna

C1l1 Uncertainty of the RF 0.14 | 0.26 | 0.26 Gaussian 1.00 1 0.14 0.26 0.26
power measurement
equipment (e.g. spectrum
analyzer, power meter)
A3-26 | Measurement 0.15 | 0.15 | 0.15 Gaussian 1.00 1 0.15 0.15 0.15
repeatability - positioning
repeatability

A3-33 | Frequency flatness of 0.25 | 0.25 | 0.25 | Gaussian 1.00 1| 025 | 025 | 0.25
test system

Stage 1: Calibration measurement

C1-3 | Uncertainty of the network 0.13 | 0.20 | 0.20 Gaussian 1.00 1| 0.13 0.20 0.20
analyzer

A3-27 | Mismaitch of receiver chain 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 0.00 0.00

A3-28 | Insertion loss of receiver 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 0.00 0.00
chain

A3-29 | Mismatch in the connection 0.02 | 0.02 | 0.02 U-Shaped 1.41 1| 0.01 0.01 0.01
of the calibration antenna

A3-30 | Influence of the calibration 0.00 | 0.00 | 0.00 Gaussian 1.00 1 0.00 0.00 0.00
antenna feed cable

A3-31 | Influence of the probe 0.00 | 0.00 | 0.00 Gaussian 1.00 1| 0.00 0.00 0.00

antenna cable
C1-4 | Uncertainty of the absolute 0.50 | 0.43 | 0.43 | Rectangular 1.73 1| 0.29 0.25 0.25
gain of the reference

antenna
A3-32 | Short term repeatability 0.09 | 0.09 | 0.09 Gaussian 1.00 1| 0.09 0.09 0.09
Combined standard uncertainty (1o) (dB) 0.52 0.56 0.56
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.01 1.10 1.10
TRP summation error 0.75 0.75 0.75
Total MU 1.26 1.33 1.33
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11.3.5 Reverberation Chamber

11.35.1 Measurement system description

Measurement system description is captured in clause 7.7.1.
11.3.5.2 Test procedure

11.3.5.2.1 Stage 1: Calibration

Calibration procedure for the Reverberation chamber is captured in clause 8.7.

11.3.5.2.2 Stage 2: BS measurement

The RC test procedure is described in clause 11.2.5.2.2 (i.e. the same procedure as for the OTA BS output power).

11.35.3 MU value derivation, FR1

Table 11.3.5.3-1 captures derivation of the expanded measurement uncertainty values for relative ACLR measurements
in Reverberation Chamber (Normal test conditions, FR1).

Table 11.3.5.3-2 captures derivation of the expanded measurement uncertainty values for absolute ACL R measurements
in Reverberation Chamber (Normal test conditions, FR1).

Table 11.3.5.3-1: Reverberation Chamber MU value derivation for relative ACLR measurement

UID | Uncertainty source Uncertainty value (dB) Distribution Divisor based | c; Standard uncertainty u;
of the on (dB)
f< 3<fsg | 42<f< probability distribution f< 3<fg | 42<f<
3G | 42GHz 6 GHz shape 3G | 42GHz 6 GHz
Hz Hz
Stage 2: BS measurement
C1- | Uncertainty of the RF | 0.14 0.26 0.26 Gaussian 1.00 11| 014 0.26 0.26

1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)

A6- | Impedance mismatch | 0.20 0.20 0.20 U-shaped 141 11| 014 0.14 0.14
1 in the receiving chain

A6- | Random uncertainty 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
2

Stage 1: Calibration measurement

A6- | Reference antenna 0.20 0.20 0.20 Gaussian 1 1| 020 0.20 0.20
3 radiation efficiency

A6- | Mean value 0.15 0.15 0.15 Gaussian 1 1| 0.15 0.15 0.15

4 estimation of
reference antenna
mismatch efficiency

C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1 1| 0.13 0.20 0.20
3 network analyzer
A6- | Influence of the 0.20 0.20 0.20 Gaussian 1 1| 0.20 0.20 0.20
5 reference antenna
feed cable
A6- | Mean value 0.27 0.27 0.27 Gaussian 1 1| 0.27 0.27 0.27
6 estimation of transfer
function
A6- | Uniformity of transfer 0.50 0.50 0.50 Gaussian 1 1| 0.50 0.50 0.50
7 function
Combined standard uncertainty (1o) (dB) 0.70 0.75 0.75
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.37 1.46 1.46
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Table 11.3.5.3-2: Reverberation chamber MU value derivation for absolute ACLR measurement

uib Uncertainty source Uncertainty value (dB) Distribution of Divisor based Ci Standard uncertainty
the probability on distribution u; (dB)
f< 3<f 42<f shape f< 3<f 42<f
3 GH < < 3 GH = <
z 42G | 6 GHz z 42G | 6GHz
Hz Hz
Stage 2: BS measurement
C1- | Uncertainty of the RF 0.14 0.26 0.26 Gaussian 1.00 1| 014 0.26 0.26

1 power measurement
equipment (e.g.
spectrum analyzer,
power meter)

A6- | Impedance mismatch in 0.20 0.20 0.20 U-shaped 1.41 1] 014 0.14 0.14
1 the receiving chain

A6- | Random uncertainty 0.10 0.10 0.10 Rectangular 1.73 1| 0.06 0.06 0.06
2

Stage 1: Calibration measurement

A6- | Reference antenna 0.20 0.20 0.20 Gaussian 1.00 1| 0.20 0.20 0.20
3 radiation efficiency

A6- | Mean value estimation of | 0.15 0.15 0.15 Gaussian 1.00 1| 0.15 0.15 0.15

4 reference antenna
mismatch efficiency

C1- | Uncertainty of the 0.13 0.20 0.20 Gaussian 1.00 1| 013 0.20 0.20
3 network analyzer
A6- | Influence of the 0.20 0.20 0.20 Gaussian 1.00 1| 0.20 0.20 0.20
5 reference antenna feed
cable
A6- | Mean value estimation of | 0.27 0.27 0.27 Gaussian 1.00 1| 0.27 0.27 0.27
6 transfer function
A6- | Uniformity of transfer 0.50 0.50 0.50 Gaussian 1.00 1] 050 0.50 0.50
7 function
Combined standard uncertainty (1o) (dB) 0.70 0.75 0.75
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 1.37 1.46 1.46

11.35.4 MU value derivation, FR2

Table 11.3.5.4-1 captures derivation of the expanded measurement uncertainty values for relative ACLR measurements
in Reverberation Chamber (Normal test conditions, FR2).

Table 11.3.5.4-2 captures derivation of the expanded measurement uncertainty values for absolute ACLR measurements
in Reverberation Chamber (Normal test conditions, FR2).
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Table 11.3.5.4-1: Reverberation chamber MU value derivation for absolute ACLR measurement, FR2

uiD Uncertainty source Uncertainty value Distribution of | Divisor based on | c; Standard
(dB) the probability distribution uncertainty u; (dB)
2425 < f 37<f shape 24.25<f 37<f
< < = < 435
29.5 GH 43.5 29.5 GHz GHz
z GHz
Stage 2: BS measurement
C1- | Uncertainty of the RF power 0.90 0.90 Gaussian 1.00 1 0.90 0.90
7 measurement equipment (e.g.
spectrum analyzer, power
meter) - low power (UEM,
absolute ACLR)
A6- | Impedance mismatch in the 0.20 0.20 U-shaped 1.41 1 0.14 0.14
1 receiving chain
A6- | Random uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06
2
Stage 1: Calibration measurement
A6- | Reference antenna radiation 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 efficiency
A6- | Mean value estimation of 0.27 0.27 Gaussian 1.00 1 0.27 0.27
4 reference antenna mismatch
efficiency
C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 analyzer
A6- | Influence of the reference 0.20 0.20 Gaussian 1.00 1 0.20 0.20
5 antenna feed cable
A6- | Mean value estimation of 0.27 0.27 Gaussian 1.00 1 0.27 0.27
6 transfer function
A6- | Uniformity of transfer function 0.50 0.50 Gaussian 1.00 1 0.50 0.50
7
Combined standard uncertainty (1¢) (dB) 1.20 1.20
Expanded uncertainty (1.960 - confidence interval of 95 %) (dB) 2.36 2.36
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Table 11.3.5.4-2: Reverberation chamber MU value derivation for relative ACLR measurement, FR2

ul Uncertainty source Uncertainty Distribution Divisor based | c Standard
D value (dB) of the on distribution | i uncertainty ui
probability shape (dB)
24.25< | 37<f 2425<f | 37<f
f < < <
< 43.5 29.5 GH 43.5
29.5 GH GHz z GHz
z
Stage 2: BS measurement
C1- | Uncertainty of the RF power 0.75 0.90 Gaussian 1.00 1 0.75 0.90
8 | measurement equipment
(e.g. spectrum analyzer,
power meter) - relative
(ACLR)
A6- | Impedance mismatch in the 0.20 0.20 U-shaped 1.41 1 0.14 0.14
1 | receiving chain
A6- | Random uncertainty 0.10 0.10 Rectangular 1.73 1 0.06 0.06
2
Stage 1: Calibration measurement
A6- | Reference antenna 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 | radiation efficiency
A6- | Mean value estimation of 0.27 0.27 Gaussian 1.00 1 0.27 0.27
4 | reference antenna
mismatch efficiency
C1- | Uncertainty of the network 0.30 0.30 Gaussian 1.00 1 0.30 0.30
3 | analyzer
A6- | Influence of the reference 0.20 0.20 Gaussian 1.00 1 0.20 0.20
5 | antenna feed cable
A6- | Mean value estimation of 0.27 0.27 Gaussian 1.00 1 0.27 0.27
6 | transfer function
A6- | Uniformity of transfer 0.50 0.50 Gaussian 1.00 1 0.50 0.50
7 | function
Combined standard uncertainty (10) (dB) 1.10 1.20
Expanded uncertainty (1.96c0 - confidence interval of 95 %) (dB) 2.15 2.36

11.3.6 Plane Wave Synthesizer

11.3.6.1

Measurement system description

M easurement system description is captured in clause 7.6.1.

11.3.6.2

11.3.6.2.1

Test procedure

Stage 1: Calibration

Calibration procedure for the Plane Wave Synthesizer is captured in clause 8.6.

NOTE:

11.3.6.2.2

measurement.

Stage 2: BS measurement

The PWS testing procedure consists of the following steps:

1) Align BS with boresight of the range antenna.

This stage may be omitted provided calibration stage has been performed already during output power

2) Configure carrier at a power level according to the manufacturer's declared rated output power and test

configuration.
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3) Measure wanted and adjacent channel power for the frequency offsets both side of carrier frequency considering
both polarizations of the range antenna. In multiple carrier case only offset frequencies below the lowest and
above the offsets highest carrier frequency used shall be measured for ACLR; offsets in between carriers may be
subject to CACLR.

4) Repeat step 3 for additional points for all necessary points needed for full TRP for the wanted signal and
adjacent channel emissions.

5) Caculate ACLR or CACLR from the wanted signal TRP and the adjacent channel emissions TRP.
The appropriate parametersin step 3 are:

Pr_desired, c: Measured mean power within the desired signal channel bandwidth for each carrier at the
measurement equipment connector at Cin figure 7.6.1-1.

Pr_emission, c: Measured mean emission power in the neighbouring channel bandwidth for each carrier at the
measurement equipment connector at Cin figure 7.6.1-1.

Calculation of Powery and Powere is done using following formulas:
Powerc = PR _desred, c+ L
Powere = PR emisson,c+ L

After calculati