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Foreword

This Technical Specification 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 specifies the Radio Frequency (RF) test methods and conformance requirements for NR Satellite
Access Node (SAN) type 1-H, SAN type 1-O and SAN type 2-O. The document also specifies the RF test methods and
conformance requirements for NB-10T operationin NTN NR in-band SAN type 1-H and SAN type 1-O. These have
been derived from and are consistent with the conducted requirements for SAN type 1-H and radiated requirement for
SAN type 1-H, SAN type 1-O and SAN type 2-O in NR SAN specification defined in TS 38.108 [2].

2 References

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

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

- For aspecific reference, subsequent revisions do not apply.

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

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

2] 3GPP TS 38.108: “Satellite Access Node radio transmission and reception”

[3] ITU-R Recommendation M.1545, "M easurement uncertainty asit applies to test limits for the
terrestrial component of International Mobile Telecommunications-2000"

[4] ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain™

[5] ITU-R Recommendation SM.328: " Spectra and bandwidth of emissions"

[6] ITU-R Recommendation SM.1541-6: "Unwanted emissions in the out-of-band domain”.

[7] 3GPP TS 38.212: "NR; Multiplexing and channel coding"

[8] 3GPP TS 38.211: "NR; Physical channels and modulation”

[9] 3GPP TS 38.214: "NR; Physical layer procedures for data"

[10] ITU-T Recommendation O.150, "Equipment for the measurement of digital and analogue/digital
parameters’

[11] 3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHZz"

[12] 3GPP TS 38.101-5: "NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite
access Radio Freguency (RF) and performance requirements’

[13] 3GPP TR 37.941: "Radio Frequency (RF) conformance testing background for radiated Base
Station (BS) requirements’

[14] IEC 60 068-2-1 (2007): "Environmental testing - Part 2; Tests. Tests A: Cold"

[15] |EC 60 068-2-2: (2007): "Environmental testing - Part 2: Tests. Tests B: Dry heat"

[16] IEC 60 068-2-6: (2007): "Environmental testing - Part 2; Tests - Test Fc: Vibration (sinusoidal)"

[17] 3GPP TR 38.811: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"

[18] 3GEP TS 38.141-2: "NR; Base Station (BS) conformance testing Part 2: Radiated conformance
testing”
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[19] |EC 60721-3-3: "Classification of environmental conditions —Part 3-3: Classification of groups of
environmental parameters and their severities — Stationary use at weatherprotected locations'

[20] IEC 60721-3-4: "Classification of environmental conditions - Part 3-4: Classification of groups of
environmental parameters and their severities - Stationary use at hon-weatherprotected locations’

[21] IEC 60721-1: "Classification of environmental conditions Part 1: Environmental parameters and
their severities'

[22] 3GPP TS 36.108: "Evolved Universal Terrestrial Radio Access (E-UTRA); Satellite Access Node

radio transmission and reception”

[23] 3GPP TS 36.181: "Evolved Universal Terrestrial Radio Access (E-UTRA); Satellite Access Node
radio conformance testing”

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].

basic limit: emissions limit relating to the power supplied by a single transmitter to a single antenna transmission line
in ITU-R SM.329 [4] used for the formulation of unwanted emission requirements for FR1.

beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array.

NOTE: For certain 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 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.

Channel edge: lowest or highest frequency of the NR carrier, separated by the SAN channel bandwidth.
demodulation branch: single input of the SAN receiver to the demodulation algorithms.

directional requirement: requirement which is applied in a specific direction within the OTA coverage range for the
Tx and when the AoA of the incident wave of areceived signal is within the OTA REFSENS RoA0A or the minSENS
ROAOA as appropriate for the receiver.

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: 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 1. The sensitivity isthe minimum received power level at which specific requirement is met.
NOTE 2: Isotropic directivity isegual in al directions (i.e. 0 dBi).

feeder link: Wireless link between satellite-Gateway and satellite.
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Geostationary Earth Orbit: Circular orbit at 35,786 km above the Earth's equator and following the direction of the
Earth's rotation. An object in such an orbit has an orbital period equal to the Earth's rotational period and thus appears
motionless, at afixed position in the sky, to ground observers.

Low Earth Orbit: Orbit around the Earth with an altitude between 300 km, and 1500 km.
Highest Carrier: The carrier with the highest carrier frequency transmitted/received in a specified frequency band.
Lowest Carrier: The carrier with the lowest carrier frequency transmitted/received in a specified frequency band.

maximum carrier output power: mean power level measured per carrier at the indicated interface, during the
transmitter ON period in a specified reference condition.

maximum carrier TRP output power: mean power level measured per RIB during the transmitter ON period for a
specific carrier in a specified reference condition and corresponding to the declared rated carrier TRP output power
(Prated,c TRP)-

maximum total output power: mean power level measured within the operating band at the indicated interface, during
the transmitter ON period in a specified reference condition.

maximum total TRP output power: mean power level measured per RIB during the transmitter ON periodin a
specified reference condition and corresponding to the declared rated total TRP output power (Pratedt TrP).

measur ement bandwidth: RF bandwidth in which an emission level is specified.

MinSENS: the lowest declared EIS value for the OSDD's declared for OTA sensitivity requirement.
MIinSENS RoAOA: The reference RoAOA associated with the OSDD with the lowest declared EIS.
minimum elevation angle: Minimum angle under which the satellite can be seen by a UE.

necessary bandwidth: The width of the frequency band which isjust sufficient to ensure the transmission of
information at the rate and with the quality required under specified conditions.

non-terrestrial networks: Networks, or segments of networks, using an airborne or space-borne vehicle to embark a
transmission equipment relay node or SAN.

NB-10T operation in NTN NR in-band: NB-loT is operating in-band when it islocated within a NR transmission
bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GB channe.

NB-I10T operation in NTN NR guard band: NB-IoT is operating in guard band when it is located within aNR SAN
channel bandwidth but is not NB-10T operation in NR in-band.

operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of
technical requirements.

NOTE: The operating band(s) for a SAN is declared by the manufacturer according to the designationsin tables
5.2-1 and 5.2-2.

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: Thebeam 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 RoAOA: the RoOAOA determined by the contour defined by the points at which the achieved EISis
3dB higher than the achieved EIS in the reference direction assuming that for any AoA, the receiver gain is optimized
for that AoA.

NOTE: This contour will be related to the average element/sub-array radiation pattern 3dB beamwidth.

OTA sensitivity directions declaration: set of manufacturer declarations comprising at least one set of declared
minimum EIS values (with SAN channel bandwidth), and related directions over which the EIS applies.
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NOTE: All thedirections 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, hasa
polarization that is the same as the receiving polarization of the antennain that direction.

radiated interface boundary: operating band specific radiated requirements reference where the radiated requirements
apply.

NOTE: For requirements based on EIRP/EIS, the radiated interface boundary is associated to the far-field region.

Radio Bandwidth: frequency difference between the upper edge of the highest used carrier and the lower edge of the
lowest used carrier.

rated beam EIRP: For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power
that the SAN is declared to radiate at the associated beam peak direction during the transmitter ON period.

rated carrier output power: mean power level associated with a particular carrier the manufacturer has declared to be
available at the indicated interface, during the transmitter ON period in a specified reference condition.

rated carrier TRP output power: mean power level declared by the manufacturer per carrier, for SAN operating in
single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at
the RIB during the transmitter ON period.

rated total output power: mean power level associated with a particular operating band the manufacturer has declared
to be available at the indicated interface, during the transmitter ON period in a specified reference condition.

rated total TRP output power: mean power level declared by the manufacturer, that the manufacturer has declared to
be available at the RIB during the transmitter ON period.

reference beam direction pair: declared beam direction pair, including reference beam centre direction and reference
beam peak direction where the reference beam peak direction is the direction for the intended maximum EIRP within
the OTA peak directions set.

receiver target: AoA inwhich reception is performed by SAN.

receiver target redirection range: union of all the sensitivity RoAoA 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 ROAOA.

reference ROAOA: the sensitivity ROAOA associated with the receiver target reference direction for each OSDD.
requirement set: one of the NR SAN requirement's set.

SAN channel bandwidth: RF bandwidth supporting asingle NR RF carrier with the transmission bandwidth
configured in the uplink or downlink.

NOTE 1. The SAN channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver
RF requirements.

NOTE 2: It ispossible for the SAN to transmit to and/or receive from one or more satellite UE bandwidth parts that
are smaller than or equal to the SAN transmission bandwidth configuration, in any part of the SAN
transmission bandwidth configuration.

SAN receiver: composite receiver function of a SAN receiving in an operating band.

SAN RF Bandwidth: RF bandwidth in which a SAN transmits and/or receives single or multiple carrier(s) within a
supported operating band.

NOTE: Insinglecarrier operation, the SAN RF Bandwidth is equal to the SAN channel bandwidth.
SAN RF Bandwidth edge: frequency of one of the edges of the SAN RF Bandwidth.

SAN transmission bandwidth configuration: set of resource blocks located within the SAN channel bandwidth which
may be used for transmitting or receiving by the SAN.
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SAN type 1-H: Satellite Access Node operating at FR1-NTN with a requirement set consisting of conducted
requirements defined at individual TAB connectors and OTA requirements defined at RIB.

SAN type 1-O: Satellite Access Node operating at FR1-NTN with a requirement set consisting only of OTA
requirements defined at the RIB.

SAN type 2-O: Satellite Access Node operating at FR2-NTN with arequirement set consisting only of OTA
requirements defined at the RIB.

SAN transponder bandwidth: Total bandwidth of the carrier(s) in operation by one SAN transponder.

NOTE: When the SAN transponder operates one carrier only, the SAN transponder bandwidth is equal to the
SAN channel bandwidth of this carrier.

SAN transponder: part of the SAN permitting to receive, channelize and transmit signals within an allocated
bandwidth.

satellite: A space-borne vehicle embarking a transparent payload, or a regenerative payload telecommunication
transmitter, placed into Low-Earth Orbit (LEO) or Geostationary Earth Orbit (GEO).

Satellite Access Node (SAN): node providing NR user plane and control plane protocol terminations towards NTN
satellite capable UE, and connected viathe NG interface to the 5GC. It encompasses a transparent payload on board a
NTN platform, with satellite-gateway and gNB functions.

satellite-gateway: An earth station or gateway islocated at the surface of Earth, and providing sufficient RF power and
RF sensitivity for accessing to the satellite.

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 SAN direction setting.

TAB connector: transceiver array boundary connector.
total radiated power: isthe total power radiated by the antenna.

NOTE: Thetotal radiated power isthe power radiating in all direction for two orthogonal polarizations. 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.

transmission bandwidth: RF Bandwidth of an instantaneous transmission from a satellite UE or SAN, measured in
resource block units.

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

B Percentage of the mean transmitted power emitted outside the occupied bandwidth on the assigned
channel.

BeWs The beam widthin 6

BeWy The beam width in ¢

BeWyrersens ~ Beamwidth equivalent to the OTA REFSENS RoA0A in the 8-axis in degrees. Applicable for FR1
only.

BeW,rersens  Beamwidth equivalent to the OTA REFSENS RoA0A in the p-axisin degrees. Applicable for FR1
only.

BW config Transmission bandwidth configuration, where BWcontig = Nrg X SCS X 12.

BW contiguous Contiguous transmission bandwidth, i.e. SAN channel bandwidth for single carrier.

BWoes,low The minimum guard band defined in clause 5.3.3 for lowest assigned component carrier.

BWag high The minimum guard band defined in clause 5.3.3 for highest assigned component carrier.

BWsan The SAN transponder bandwidth

BWsan,rr SAN RF channel bandwidth in MHz

Af Separation between the channel edge frequency and the nominal -3 dB point of the measuring
filter closest to the carrier frequency.

AFGioba Global frequency raster granularity.

Afmax f_offsetmax minus half of the bandwidth of the measuring filter.
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Maximum offset of the out-of-band boundary from the uplink operating band edge.

Aminsens Difference between conducted reference sensitivity and minSENS.

AOTAREFSENS Difference between conducted reference sensitivity and OTA REFSENS.

AFRaster Channel raster granularity.

El Sminsens The EIS declared for the minSENS RoAoA.

ElSrersens OTA REFSENSEISvalue.

Fc RF reference frequency on the channel raster, givenin table 5.4.2.2-1.

Fclow The Fc of the lowest carrier, expressed in MHz.

Fc high The Fc of the highest carrier, expressed in MHz.

FoLlow The lowest frequency of the downlink operating band.

FoL high The highest frequency of the downlink operating band.

Fritter Filter centre frequency.

Foffset,high Frequency offset from Fcpigh to the upper SAN RF Bandwidth edge.

Foffset,low Frequency offset from Fc,ow to the lower SAN RF Bandwidth edge.

f offset Separation between the channel edge frequency and the centre of the measuring.

f_offsetmax The offset to the frequency Afosue outside the downlink operating band.

Frer RF reference frequency.

Frer.offs Offset used for calculating Frer.

FuLlow The lowest frequency of the uplink operating band.

FuL high The highest frequency of the uplink operating band.

GBchanne Minimum guard band defined in clause 5.3.3.

Mbri Physical resource block number.

Nrs Transmission bandwidth configuration, expressed in resource blocks.

Nrer NR Absolute Radio Freguency Channel Number (NR-ARFCN).

NRrer-offs Offset used for calculating Nrer scaling per cell, as calculated in clause 6.1.

PeireN EIRP level for channel N.

Prmax.c.TABC The maximum carrier output power per TAB connector.

Prax.c.TRP Maximum carrier TRP output power measured at the RIB(s), and corresponding to the declared
rated carrier TRP output power (Prated.c,TrP)-

Prax.c.EIRP The maximum carrier EIRP when the SAN is configured at the maximum rated carrier output TRP
(Prated,c,TRP).

Prated,c.sys Prated,c,sys.6E0 for SAN GEO class or Prated,c,sysLeo for SAN LEO class.

Prated,c,sys,GEO The sum of Praed,ctasc foOr all TAB connectors for asingle carrier of the SAN GEO class.

Prated,c,sysLEO The sum of Praedctasc for all TAB connectors for asingle carrier of the SAN LEO class.

Prated,c,TABC Prated.cTasc,ceo for SAN GEO class or Praed,ctaec,LE0 fOr SAN LEO class.

PaedcTaBcgeo  Therated carrier output power per TAB connector of the SAN GEO class.

PaedctaBc o Therated carrier output power per TAB connector of the SAN LEO class.

Prated.c,TRP Rated carrier TRP output power declared per RIB.

Pratedt,TABC The rated total output power declared at TAB connector.

Prated TRP Rated total TRP output power declared per RIB.

Pratedtsys The sum of Praed:tasc for all TAB connectors.

Prersens Conducted Reference Sensitivity power level.

SANCchannel SAN channel bandwidth.

SSrer SS block reference frequency position.

TRPesimae Numerically approximated TRP

TTora Test tolerance for OTA requirements

0 The angle in the reference coordinate system between the projection of the x/y plane and the
radiation vector defined between -90° and 90°. 0° represents the y/z plane. The angleisaligned
with the down-tilt angle

o The angle in the reference coordinate system between the x-axis and the projection of the radiation
vector onto the x/y plane defined between -180° and 180°

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].

AA Antenna Array
AAS Active Antenna System
ACLR Adjacent Channel Leakage Ratio
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ACS Adjacent Channel Selectivity
AO0A Angle of Arrival
AWGN Additive White Gaussian Noise
BW Bandwidth
CA Carrier Aggregation
CATR Compact Antenna Test Range
CP-OFDM Cyclic Prefix-OFDM
Cw Continuous Wave
DFT-ssOFDM  Discrete Fourier Transform-spread-OFDM
DM-RS Demodulation Reference Signal
EIRP Equivaent | sotropic Radiated Power
EIS Equivalent | sotropic Sensitivity
EUT Equipment Under Test
EVM Error Vector Magnitude
FDD Frequency Division Duplex
FR Frequency Range
FRC Fixed Reference Channel
GEO Geostationary Earth Orbiting
GSCN Global Synchronization Channel Number
ICS In-Channel Selectivity
LEO Low Earth Orbiting
MCS Modulation and Coding Scheme
NB-loT Narrowband — Internet of Things
NR New Radio
NR-ARFCN NR Absolute Radio Frequency Channel Number
NTN Non-Terrestrial Network
OOB Out-of-band
OOBE Out-of-band Emissions
OSDD OTA Sensitivity Directions Declaration
OTA Over-The-Air
PRB Physical Resource Block
PT-RS Phase Tracking Reference Signal
QAM Quadrature Amplitude Modulation
RB Resource Block
RDN Radio Distribution Network
RE Resource Element
REFSENS Reference Sensitivity
RF Radio Frequency
RIB Radiated I nterface Boundary
RMS Root Mean Square (val ue)
RoAOA Range of Angles of Arrival
RF Radio Frequency
RX Receiver
SAN Satellite Access Node
SCS Sub-Carrier Spacing
SSB Synchronization Signal Block
TAB Transceiver Array Boundary
TRP Total Radiated Power
TT Test Tolerance
TX Transmitter
4 General test conditions and declarations
4.1 Measurement uncertainties and test requirements

4.1.1 General

The requirements of this clause apply to all applicable testsin TS 38.181(the present document), i.e. to all conducted
tests defined in FR1-NTN for SAN type 1-H, radiated tests defined in FR1-NTN for SAN type 1-H and SAN type 1-0,
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radiated tests defined in FR2-NTN for SAN Type 2-O. The frequency ranges FR1-NTN and FR2-NTN are defined in
clause 5.1 of TS 38.108 [2].

The minimum requirements are given in TS 38.108 [2]. Test Tolerances for the conducted test requirements (TT) and
test Tolerances for the radiated test requirements (T Tora) explicitly stated in the present document are given in annex C
of the present document.

The test tolerances for the radiated test requirements (T Tora) for SAN were reused from TR 37.941 [13]. Reuse of TR
37.941 [13] TTora valuesfor SAN LEO radiated conformance testing is subject to the following conditions:

- EUT suitability to fit OTA chambers considered in TR 37.941 [13], and
- Environmenta test conditions assumed for BStesting in TR 37.941 [13].

Reuse of TR 37.941 [13] TTora values for SAN GEO radiated conformance testing may not be justified for some
products due to too large SAN GEO antenna array dimensions, and required OTA RF chamber size.

Test Tolerances are individually calculated for each test. Test Tolerances are used to relax the minimum requirements to
create test requirements.

When atest requirement differs from the corresponding minimum requirement, then the Test Tolerance applied for the
test is non-zero. The Test Tolerance for the test and the explanation of how the minimum requirement has been relaxed
by the Test Tolerance are given in annex C.

The radiated requirements are classified according to spatial characteristics as shownintable4.1.1-1 and table 4.1.1-2.

Table 4.1.1-1: Overview of radiated Tx requirements

Tx requirement Classificatio Coverage range Number of
n FR1-NTN FR2-NTN conformance
directions
Radiated transmit power Directional OTA peak directions set OTA peak directions | 5
set
OTA Satellite Access Node output power TRP N/A N/A See TS 38.141-2
[18], annex |
OTA output power dynamics Directional OTA peak directions set OTA peak directions | 1
set
OTA modulation quality Directional OTA coverage range OTA coverage range | 5
OTA frequency error Directional OTA coverage range OTA coverage range | 1
OTA occupied bandwidth Directional OTA coverage range OTA coverage range | 1
OTA ACLR TRP N/A N/A See TS 38.141-2
[18], annex |
OTA out-of-band emissions TRP N/A N/A See TS 38.141-2
[18], annex |
OTA transmitter General requirement TRP N/A See TS 38.141-2
spurious [18], annex |
emission
NOTE: Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a

time.
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Table 4.1.1-2: Overview of radiated Rx requirements

Rx requirement Classification Applicability levels Coverage range Number of
FR1-NTN FR2-NTN FR1-NTN FR2-NTN conformance
directions
OTA sensitivity Directional Minimum EIS N/A OSDD N/A 5
OTA reference sensitivity Directional OTA REFSENS OTA OTA REFSENS OTA REFSENS 5
level REFSENS RoAOA RoA0A
OTA Dynamic range Directional OTA REFSENS N/A OTA REFSENS N/A 1
RoOA0A
OTA adjacent channel Directional MIinSENS OTA mMIinSENS RoAoA OTA REFSENS 1
selectivity REFSENS ROAOA
OTA out- General Directional mIinSENS FR2-NTN MIiNSENS RoA0A OTA REFSENS 1
of-band requirement RoAOA
blocking
OTA in-channel Directional MINSENS FR2-NTN mMIiNSENS RoA0A OTA REFSENS 1
selectivity ROAOA
NOTE:  Directional requirement does not imply one compliance direction only. The directional requirement applies to a single direction at a

time.

4.1.2 Acceptable uncertainty of Test System

4121 General

The maximum acceptable uncertainty of the Conducted Test System and OTA Test System are specified below for each
test defined explicitly in the present specification, where appropriate. The maximum acceptabl e uncertainty of the Test
System for test requirements included by reference is defined in the respective referred test specification.

The Test System shall enable the stimulus signalsin the test case to be adjusted to within the specified tolerance and the
equipment under test to be measured with an uncertainty not exceeding the specified values. All tolerances and
uncertainties are absolute values, and are valid for a confidence level of 95 %, unless otherwise stated.

A confidence level of 95 % is the measurement uncertainty tolerance interval for a specific measurement that contains
95 % of the performance of a population of test equipment.

For conducted RF tests, it should be noted that the uncertaintiesin clause 4.1.2 apply to the Test System operating into a
nominal 50 ohm load and do not include system effects due to mismatch between the EUT and the Test System.

For details on measurement uncertainty budget cal culation, measurement methodology description (including
calibration and measurement stage for each test range), MU budget format and its contributions, refer to

TR 37.941[13], where MU analyses for the BS radiated testing were captured. The maximum OTA Test System
uncertainty for FR1-NTN and FR2-NTN OTA transmitter and receiver tests were reused from BS MU budgetsin TR
37.941 [13]. Reuse of TR 37.941 [13] MU values for SAN LEO radiated conformance testing is subject to the following
conditions:

- EUT suitability to fit OTA chambers considered in TR 37.941 [13], and
- Environmental test conditions assumed for BStestingin TR 37.941 [13].

Reuse of TR 37.941 [13] TTora values for SAN GEO radiated conformance testing may not be justified for some
products due to too large SAN GEO antenna array dimensions, and required OTA RF chamber size.

4122 Measurement of transmitter

The maximum conducted Test System uncertainty for conducted transmitter tests minimum requirementsis givenin
table 4.1.2.2-1. The maximum OTA Test System uncertainty for OTA transmitter tests minimum requirementsis given
intable 4.1.2.2-2 for FR1-NTN and in table 4.1.2.2-3 for FR2-NTN.
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Table 4.1.2.2-1: Maximum Test System uncertainty for conducted transmitter tests

Clause Maximum Test System Uncertainty Derivation of Test System
Uncertainty
6.2 SAN output power +0.7 dB, f< 3 GHz
6.3 Output power dynamics |+ 0.4 dB
6.5.2 Frequency error +12 Hz
6.5.3 EVM +1%

6.6.2 Occupied bandwidth 5 MHz, 10 MHz SAN Channel BW: +100 kHz
15 MHz, 20 MHz SAN Channel BW: £300 kHz

6.6.3 Adjacent Channel ACLR

Leakage power Ratio BW < 20MHz: +0.8 dB
(ACLR)

6.6.4 Out-of-band emissions [+1.5 dB, f<3 GHz
6.6.5.5.1.1 Transmitter 9kHz <f<4 GHz: +2.0dB
spurious emissions, 4 GHz < f<15 GHz: +4.0 dB
Mandatory Requirements

6.6.5.5.1.2 Transmitter +3.0dB

spurious emissions,
Protection of SAN receiver

Table 4.1.2.2-2: Maximum OTA Test System uncertainty for FR1-NTN OTA transmitter tests

Clause Maximum OTA Test System uncertainty
9.2 Radiated transmit power Normal condition:
+1.1dB,f<3 GHz
9.3 OTA base station output power +1.4dB, f<3.0 GHz
9.4.3 OTA total power dynamic range +0.4 dB
9.6.2 OTA frequency error +12 Hz
9.6.3 OTA modulation quality +1 %
9.7.2 OTA occupied bandwidth +100 kHz, BWChannel 5 MHz, 10 MHz
+300 kHz, BWChannel 15 MHz, 20 MHz
9.7.3 OTA ACLR f<3.0 GHz
+1 dB, BW = 20 MHz
9.7.4 OTA out-of-band emissions Absolute power +1.8 dB, f < 3.0 GHz
9.7.5.20TA transmitter spurious +2.3dB, 30 MHz < f <6 GHz
emissions, mandatory requirements +4.2 dB, 6 GHz < f< 15 GHz
NOTE: Test system uncertainty values are applicable for normal condition unless otherwise stated.

Table 4.1.2.2-3: Maximum OTA Test System uncertainty for FR2-NTN OTA transmitter tests

Clause Maximum OTA Test System uncertainty
9.2 Radiated transmit power Normal condition:
[+1.7] dB, 17.3 GHz < f £ 20.2 GHz
9.3 OTA base station output power [+2.1]1dB, 17.3 GHz < f < 20.2 GHz
9.4.3 OTA total power dynamic range [£0.4] dB
9.6.2 OTA frequency error [¥12] Hz
9.6.3 OTA modulation quality [+1 %]
9.7.2 OTA occupied bandwidth 600 kHz
9.7.3 OTAACLR [+2.3] dB, 17.3 GHz = f £ 20.2 GHz
9.7.4 OTA out-of-band emissions Absolute power [+2.7] dB, 17.3 GHz = f <
20.2 GHz
9.7.5.20TA transmitter spurious emissions, mandatory requirements +2.3dB,30 MHz<f<6 GHz
2.7 dB, 6 GHz < f <40 GHz
5.0 dB, 40 GHz < f < 60 GHz
NOTE:  Test system uncertainty values are applicable for normal condition unless otherwise stated.

4.1.2.3 Measurement of receiver

The maximum conducted Test System uncertainty for conducted receiver tests minimum requirements are given in table
4.1.2.3-1.The maximum OTA Test System uncertainty for OTA receiver tests minimum regquirements are given in table
4.1.2.3-2 for FR1-NTN and in table 4.1.2.3-3 for FR2-NTN.
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Table 4.1.2.3-1: Maximum Test System Uncertainty for conducted receiver tests

Clause Maximum Test System Uncertainty Derivation of Test System Uncertainty
7.2 Reference sensitivity |+0.7 dB, f <3 GHz
level
7.3 Dynamic range +0.3dB

selectivity

7.4.1 Adjacent channel +1.4dB, f<3 GHz

Overall system uncertainty comprises three
quantities:

1. Wanted signal level error
2. Interferer signal level error
3. Additional impact of interferer leakage

Items 1 and 2 are assumed to be uncorrelated
S0 can be root sum squared to provide the
ratio error of the two signals. The interferer
leakage effect is systematic, and is added
arithmetically.

Test System uncertainty = SQRT
(wanted_level_error? + interferer_level_error?)
+ leakage effect.

f<3 GHz
Wanted signal level £0.7 dB
Interferer signal level £0.7 dB

f<6 GHz
Impact of interferer leakage 0.4 dB

blocking

7.5.5.1 Out-of-band fwanted < 3GHz

1MHZ < finterferer < 3 GHz: +1.3 dB
3 GHz < finterferer < 4.2 GHz: +1.5 dB
4.2GHz < fimerferer <12.75 GHz: +3.2 dB

Overall system uncertainty comprises three
guantities:

1. Wanted signal level error
2. Interferer signal level error
3. Interferer broadband noise

Items 1 and 2 are assumed to be uncorrelated
S0 can be root sum squared to provide the
ratio error of the two signals. The Interferer
Broadband noise effect is systematic, and is
added arithmetically.

Test System uncertainty = SQRT
(wanted_level_error? + interferer_level_error?)
+ Broadband noise effect.

Out of band blocking, using CW interferer:
Wanted signal level:
0.7 dB up to 3 GHz

Interferer signal level:
+1.0 dB up to 3 GHz
Impact of interferer Broadband noise 0.1 dB

7.8 In-channel selectivity |+1.4 dB, f< 3 GHz

NOTE:

Unless otherwise noted, only the Test System stimulus error is considered here. The effect of errors in the
throughput measurements due to finite test duration is not considered.
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Table 4.1.2.3-2: Maximum OTA Test System uncertainty for FR1-NTN OTA receiver tests

Clause

Maximum OTA Test System uncertainty

10.2 OTA sensitivity

+1.3dB,fs3GHz

10.3 OTA reference sensitivity
level

+1.3dB,f=3 GHz

10.4 OTA dynamic range +0.3dB

10.5.1 OTA adjacent channel
selectivity

+1.7dB, f<3 GHz

10.6 OTA out-of-band blocking

fwanted < 3 GHz:

+2.0 dB, finterferer < 3 GHz
+2.1 dB, 3 GHz < finterferer < 6 GHz
+3.5 dB, 6 GHz < finterferer < 12.75 GHz

10.9 OTA in-channel
selectivity

+1.7dB, f<3 GHz

NOTE:

Test system uncertainty values are applicable for normal condition unless otherwise stated.

Table 4.1.2.3-3: Maximum OTA Test System uncertainty for FR2-NTN OTA receiver tests

Clause

Maximum OTA Test System uncertainty

10.3 OTA reference sensitivity level

[+2.4] dB, 27.5 GHz = f < 30.0 GHz

10.5.1 OTA adjacent channel selectivity

[+3.4] dB, 27.5 GHz < f < 30.0 GHz

10.6 OTA out-of-band blocking

[+3.6] dB, 27.5 GHz < f < 30.0 GHz

10.9 OTA in-channel selectivity

[+3.4] dB, 27.5 GHz = f < 30.0 GHz

NOTE:

Test system uncertainty values are applicable for normal condition unless otherwise stated.

41.2.4

Measurement of performance requirements

Table 4.1.2.4-1: Maximum Test System Uncertainty for FR1-NTN conducted performance

requirements

Clause Maximum Test System Uncertainty Derivation of Test System Uncertainty

8 PUSCH, PUCCH, +0.6 dB Overall system uncertainty for fading

PRACH with single conditions comprises two quantities:

antenna port and fading 1. Signal-to-noise ratio uncertainty

channel 2. Fading profile power uncertainty
Items 1 and 2 are assumed to be uncorrelated
S0 can be root sum squared:
Test System uncertainty = [SQRT (Signal-to-
noise ratio uncertainty 2 + Fading profile power
uncertainty 2)]
Signal-to-noise ratio uncertainty +0.3 dB
Fading profile power uncertainty +0.5 dB

8 PRACH with single +0.3dB Signal-to-noise ratio uncertainty +0.3 dB

antenna port and AWGN
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Table 4.1.2.4-2: Maximum Test System Uncertainty for FR1-NTN OTA performance requirements

Clause Maximum Test System Uncertainty Derivation of Test System Uncertainty
11 PUSCH, PUCCH, +0.6dB Overall system uncertainty for fading
PRACH with single conditions comprises two quantities:
antenna port and fading 1. Signal-to-noise ratio uncertainty
channel 2. Fading profile power uncertainty

Items 1 and 2 are assumed to be uncorrelated
S0 can be root sum squared:

Test System uncertainty = [SQRT (Signal-to-
noise ratio uncertainty 2 + Fading profile power
uncertainty 2)]

Signal-to-noise ratio uncertainty +0.3 dB
Fading profile power uncertainty +0.5 dB

11 PRACH with single +0.3dB Signal-to-noise ratio uncertainty £0.3 dB
antenna port and AWGN

Table 4.1.2.4-3: Maximum Test System Uncertainty for FR2-NTN OTA performance requirements

Clause Maximum Test System Uncertainty Derivation of Test System Uncertainty
11 PUSCH, PUCCH, +0.6 dB Overall system uncertainty for fading
PRACH with single conditions comprises two quantities:
antenna port and fading 1. Signal-to-noise ratio uncertainty
channel 2. Fading profile power uncertainty

Items 1 and 2 are assumed to be uncorrelated
S0 can be root sum squared:

Test System uncertainty = [SQRT (Signal-to-
noise ratio uncertainty 2 + Fading profile power
uncertainty 2)]

Signal-to-noise ratio uncertainty +0.3 dB
Fading profile power uncertainty +0.5 dB

11 PRACH with single +0.3dB Signal-to-noise ratio uncertainty +0.3 dB
antenna port and AWGN

4.1.3 Interpretation of measurement results

The measurement results returned by the Test System are compared - without any modification - against the test
requirements as defined by the Shared Risk principle.

The Shared Risk principle is defined in Recommendation ITU-R M.1545 [3].

The actual measurement uncertainty of the Test System for the measurement of each parameter shall be included in the
test report.

The recorded value for the Test System uncertainty shall be, for each measurement, equal to or lower than the
appropriate figure in clause 4.1.2 of the present document.

If the Test System for atest is known to have a measurement uncertainty greater than that specified in clause 4.1.2, itis
still permitted to use this apparatus provided that an adjustment is made as follows.

Any additional uncertainty in the Test System over and above that specified in clause 4.1.2 shall be used to tighten the
test requirement, making the test harder to pass. For some tests e.g. receiver tests, this may require modification of
stimulus signals. This procedure will ensure that a Test System not compliant with clause 4.1.2 does not increase the
chance of passing a device under test where that device would otherwise have failed the test if a Test System compliant
with clause 4.1.2 had been used.
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4.2 Requirement reference points

42.1  SAN type 1-H

For SAN type 1-H, the requirements are defined for two points of reference, signified by radiated requirements and
conducted requirements.

Figure 4.2.1-1: Radiated and conducted reference points for SAN type 1-H

Radiated characteristics are defined over the air (OTA), where the radiated interface is referred to as the Radiated
Interface Boundary (RIB). Radiated requirements are also referred to as OTA requirements. The (spatial) characteristics
in which the OTA requirements apply are detailed for each requirement.

Conducted characteristics are defined at individual or groups of TAB connectors at the transceiver array boundary,
which is the conducted interface between the transceiver unit array and the composite antenna.

The transceiver unit array is part of the composite transceiver functionality receiving and transmitting modulated signal
to ensure radio links with users.

The satellite payload is composed by atransceiver unit array and a composite antenna array. The transceiver unit array
contains an implementation specific number of transmitter units and an implementation specific number of receiver
units.

The composite antenna contains aradio distribution network (RDN) and an antenna array. The RDN is alinear 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, in an implementation specific way.

How a conducted requirement is applied to the transceiver array boundary is detailed in the respective requirement
clause.

4.2.2 SAN type 1-O, SAN type 2-O

For SAN type 1-O and SAN type 2-O, the radiated characteristics are defined over the air (OTA), where the operating
band specific radiated interface is referred to as the Radiated I nterface Boundary (RIB). Radiated requirements are also
referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements apply are detailed for
each requirement.
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Figure 4.2.2-1: Radiated reference points for SAN type 1-O and SAN type 2-O

Transmitter units and receiver units may be combined into transceiver units. The transmitter/receiver units have the
ability to transmit/receive parallel independent modulated symbol streams.

4.3 Satellite Access Node classes

The reguirements in this specification apply to Satellite Access Node unless otherwise stated. The associated
deployment scenarios are exactly the same for SAN with and without connectors.

SAN classes are defined in Table 4.3-1.

Table 4.3-1 SAN classes

SAN Class Satellite constellation
GEO class GEO satellite
LEO class LEO 600 km satellite

LEO 1200 km satellite

4.4 Regional requirements

Some requirements in the present document may only apply in certain regions either as optional requirements, or as
mandatory requirements set by local and regional regulation. It is normally not stated in the 3GPP specifications under
what exact circumstances the regional reguirements apply, since thisis defined by local or regional regulation.

Table4.4-1 lists al requirements in the present specification that may be applied differently in different regions.

Table 4.4-1: List of regional requirements

Clause Requirement Comments
number
5 Operating bands Satellite operating bands may be applied regionally.
6.6.4, Out-of-band emissions, For n255 operation in US, Limits in FCC Title 47 apply.
9.7.4 OTA out-of-band emissions
6.6.5, Tx spurious emissions, For n255 operation in US, Limits in FCC Title 47 apply.
9.7.5 OTA Tx spurious emissions
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4.5 SAN configurations

45.1 SAN type 1-H transmit configurations
Unless otherwise stated, the conducted transmitter characteristicsin clause 6 are specified at the transceiver array

boundary at the TAB connector(s) with a full complement of transceiver units for the configuration in normal operating
conditions.

transceiver array boundary

| B 1 H

1 1 :

! ! #1i Measurement
' h »| Equipment
' ' #o

! ; Load

1 1

: Do :

1 1

1 1

1 1 H

| | "

. . JJ— Load

| | :

1 1

transceiver unit array \

Transceiver array boundary connector TAB(n)

Figure 4.5.1-1: SAN type 1-H transmitter test ports

Unless otherwise stated, for the testsin clause 6 of the present document, the requirement applies for each transmit TAB
connector.

45.2 SAN type 1-H receive configurations

Unless otherwise stated, the conducted receiver characteristicsin clause 7 are specified at the TAB connector with afull
complement of transceiver units for the configuration in normal operating conditions.

transceiver array boundary

#11

i i [« Measurement
i i 4o Equipment

! ; Load

: : B Load

transceiver unit array \

Transceiver array boundary connector TAB(n)

Figure 4.5.2-1: Receiver test ports

For the testsin clause 7 of the present document, the requirement applies at each receive TAB connector.
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Conducted receive requirements are tested at the TAB connector, with the remaining receiver units(s) disabled or their
TAB connector (s) being terminated.

4.5.3 SAN type 1-O and SAN type 2-O transmit configurations

Unless otherwise stated, the radiated transmitter characteristicsin clause 9 are specified at RIB, with afull complement
of transceiver units for the configuration in normal operating conditions.
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Figure 4.5.3-1: SAN type 1-O and SAN type 2-O transmitter test interfaces

45.4  SAN type 1-O and SAN type 2-O receive configurations

Unless otherwise stated, the radiated receiver characteristics in clause 10 are specified at RIB, with afull complement
of transceiver units for the configuration in normal operating conditions.

1 )
1 )
1 )
1 ]
H ——--- | I T I T
H | | [ || 1! E
H I | [ |l P
H I | | |l | (I
i | | I | |l 1! E
! g

! l I 1 _Rif‘d'o. Il Antenna | ! i
: I | | IDistribution| | *°) " " | I Measurement
H I 1 | Network | | AAY i 4 equipment
: | I 11 RON I BN :
i [ bl |1 P
H | - I | P
i | I |l i L
i [ [ [l P
H I | | |l P
H P I (S PSS | RS | i
i S e e s e | '
1 Transceiver unit array Composite antenna i
------------------------------------------------ )

MR BS

Figure 4.5.4-1: SAN type 1-O and SAN type 2-O receiver test interfaces

45.5 Power supply options

[If the SAN is supplied with a number of different power supply configurations, it may not be necessary to test RF
parameters for each of the power supply options, provided that it can be demonstrated that the range of conditions over
which the equipment istested is at least as great as the range of conditions due to any of the power supply
configurations.]
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4.6 Manufacturer declarations
Thefollowing SAN declarations listed in table 4.6-1, when applicable to the SAN under test, are required to be

provided by the manufacturer for the conducted requirements testing of the SAN type 1-H, and radiated requirements
testing of SAN type 1-H, SAN type 1-O and SAN type 2-O.
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Table 4.6-1 Manufacturers declarations for SAN type 1-H conducted test requirements, and for SAN
type 1-H, SAN type 1-O and SAN type 2-O radiated test requirements
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Declaration
identifier

Declaration

Description

Applicability
(Note 1)

SAN
type 1-H
(Note 2)

SAN
type 1-
O

SAN
type 2-

D.1

Coordinate system
reference point

Location of coordinated system reference point
in reference to an identifiable physical feature of
the SAN enclosure.

X

X

D.2

Coordinate system
orientation

Orientation of the coordinate system in reference
to an identifiable physical feature of the SAN
enclosure.

D.3

Beam identifier

A unique title to identify a beam, e.g. a, b, c or 1,
2, 3. The vendor may declare any number of
beams with unique identifiers. The minimum set
to declare for conformance, corresponds to the
beams at the reference beam direction with the
highest intended EIRP, and covering the
properties listed below:

1) A beam with the narrowest intended BeWeg
and narrowest intended BeWy possible when
narrowest intended BeWs is used.

2) A beam with the narrowest intended BeWy
and narrowest intended BeWs possible when
narrowest intended BeW, is used.

3) A beam with the widest intended BeWs and
widest intended BeWy possible when widest
intended BeWs is used.

4) A beam with the widest intended BeWy and
widest intended BeWs possible when widest
intended BeW, is used.

5) A beam which provides the highest intended
EIRP of all possible beams.

When selecting the above five beam widths for
declaration, all beams that the SAN is intended
to produce shall be considered, including beams
that during operation may be identified by any
kind of cell or UE specific reference signals, with
the exception of any type of beam that is created
from a group of transmitters that are not all
phase synchronised.

(Note 3)

D.4

Operating bands
and frequency
ranges

List of NR operating band(s) supported by the
SAN and if applicable, frequency range(s) within
the operating band(s) that the SAN can operate
in.

Supported bands declared for every beam for
SAN type 1-O (D.3), or every TAB connector for
SAN type 1-H.

(Note 4)

D.5

SAN requirements
set

Declaration of one of the NR satellite access
node requirement's set as defined for SAN type
1-H, or SAN type 1-O.

D.6

SAN class

Declared as GEO SAN, or LEO SAN.

D.7

SAN channel band
width and SCS
support

SAN supported SCS and channel bandwidth per
supported SCS. Declared for each beam for
SAN type 1-O (D.3) or each TAB connector for
SAN type 1-H, and each operating band (D.4).

D.8

OTA peak
directions set
reference beam
direction pair

The beam direction pair, describing the
reference beam peak direction and the reference
beam centre direction. Declared for every beam
(D.3).

D.9

OTA peak
directions set

The OTA peak directions set for each beam.
Declared for every beam (D.3).
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Declaration
identifier

Declaration

Description

Applicability
(Note 1)

SAN
type 1-H
(Note 2)

SAN
type 1-
O

SAN
type 2-

D.10

OTA peak
directions set
maximum steering
direction(s)

The beam direction pair(s) corresponding to the
following points:

1) The beam peak direction corresponding to
the maximum steering from the reference beam
centre direction in the positive ® direction, while
the 6 value being the closest possible to the
reference beam centre direction.

2) The beam peak direction corresponding to
the maximum steering from the reference beam
centre direction in the negative @ direction, while
the 6 value being the closest possible to the
reference beam centre direction.

3) The beam peak direction corresponding to
the maximum steering from the reference beam
centre direction in the positive 6 direction, while
the @ value being the closest possible to the
reference beam centre direction.

4) The beam peak direction corresponding to
the maximum steering from the reference beam
centre direction in the negative 0 direction, while
the @ value being the closest possible to the
reference beam centre direction.

The maximum steering direction(s) may coincide
with the reference beam centre direction.
Declared for every beam (D.3).

X

X

D.11

Rated beam EIRP
(Prated,c,ElRP)

The rated EIRP level per carrier (Prated,c.EIRP) at
the beam peak direction associated with a
particular beam direction pair for each of the
declared maximum steering directions (D.10), as
well as the reference beam direction pair (D.8).
Declared for every beam (D.3).

(Note 11)

D.12

Beamwidth

The beamwidth for the reference beam direction
pair and the four maximum steering directions.
Declared for every beam (D.3).

D.13

Equivalent beams

List of beams which are declared to be
equivalent.

Equivalent beams imply that the beams are
expected to have identical OTA peak directions
sets and intended to have identical spatial
properties at all steering directions within the
OTA peak directions set when presented with
identical signals. All declarations (D.4 — D.12)
made for the beams are identical and the
transmitter unit, RDN and antenna array
responsible for generating the beam are of
identical design.

D.14

Parallel beams

List of beams which have been declared
equivalent (D.13) and can be generated in
parallel using independent RF power resources.
Independent power resources mean that the
beams are transmitted from mutually exclusive
transmitter units.

D.15

Number of carriers
at maximum TRP

The number of carriers per operating band the
SAN is capable of generating at maximum TRP
declared for every beam (D.3).

n/a

D.16

Maximum Satellite
Access Node RF
Bandwidth

Maximum Satellite Access Node RF Bandwidth
in the operating band, declared for each
supported operating band for each beam for
SAN type 1-O, or for each TAB connector for
SAN type 1-H (D.4).

(Note 10)
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Declaration Declaration Description Applicability
identifier (Note 1)
SAN SAN SAN
type 1-H | type 1- | type 2-
(Note 2) o O
D.17 Total RF bandwidth | Total RF bandwidth BWiot of transmitter and c X X
(BWiot) receiver, declared per the band combinations
(D.42).
D.18 Contiguous Ability of SAN to support contiguous frequency c X X
spectrum operation | distribution of carriers when operating multi-
support carrier in an operating band.
Declared for each single-band RIB for SAN type
1-O or each single-band connector for SAN type
1-H, for each operating band.
D.19 OSDD identifier A unique identifier for the OSDD. X X n/a
D.20 OSDD operating Operating band supported by the OSDD, X X n/a
band support declared for every OSDD (D.19).
(Note 5)
D.21 OTA sensitivity The SAN supported SCS and channel X X n/a
supported SAN bandwidth per supported SCS by each OSDD.
channel bandwidth
and SCS
D.22 Redirection of Ability to redirect the receiver target related to X X n/a
receiver target the OSDD.
support
D.23 Minimum EIS for The minimum ElISminsens requirement (i.e. X X n/a
FR1 (ElSminsens) maximum allowable EIS value) applicable to all
sensitivity ROAOA per OSDD.
Declared per NR supported channel BW for the
OSDD (D.19).
The lowest EIS value for all the declared
OSDD's is called minSENS, while its related
range of angles of arrival is called minSENS
ROAOA.
(Note 6)
D.24 Receiver target The sensitivity ROA0A associated with the X X n/a
reference direction receiver target reference direction (D.26) for
Sensitivity Range of | each OSDD.
Angle of Arrival
D.25 Receiver target For each OSDD the associated union of all the X X n/a
redirection range sensitivity ROAOA achievable through redirecting
the receiver target related to the OSDD.
D.26 Receiver target For each OSDD an associated direction inside X X n/a
reference direction the receiver target redirection range (D.25).
(Note 7)
D.27 Conformance test For each OSDD that includes a receiver target X X n/a
directions sensitivity | redirection range, four sensitivity ROA0A
RoAOA comprising the conformance test directions
(D.28).
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Declaration
identifier

Declaration

Description

Applicability
(Note 1)

SAN
type 1-H
(Note 2)

SAN
type 1-
O

SAN
type 2-

D.28

Conformance test
directions

For each OSDD four conformance test
directions.

If the OSDD includes a receiver target
redirection range the following four directions
shall be declared:

1) The direction determined by the maximum @
value achievable inside the receiver target
redirection range, while © value being the closest
possible to the receiver target reference
direction.

2) The direction determined by the minimum ¢
value achievable inside the receiver target
redirection range, while 0 value being the closest
possible to the receiver target reference
direction.

3) The direction determined by the maximum 6
value achievable inside the receiver target
redirection range, while ¢ value being the
closest possible to the receiver target reference
direction.

4) The direction determined by the minimum 6
value achievable inside the receiver target
redirection range, while @ value being the
closest possible to the receiver target reference
direction.

If an OSDD does not include a receiver target
redirection range the following 4 directions shall
be declared:

1) The direction determined by the maximum @
value achievable inside the sensitivity ROA0OA,
while 6 value being the closest possible to the
receiver target reference direction.

2) The direction determined by the minimum ¢
value achievable inside the sensitivity ROA0OA,
while © value being the closest possible to the
receiver target reference direction.

3) The direction determined by the maximum 6
value achievable inside the sensitivity ROA0OA,
while @ value being the closest possible to the
receiver target reference direction.

4) The direction determined by the minimum ©
value achievable inside the sensitivity ROA0OA,
while @ value being the closest possible to the
receiver target reference direction.

X

X

n/a

D.29

OTA coverage
range

Declared as a single range of directions within
which selected TX OTA requirements are
intended to be met.

(Note 8)

D.30

OTA coverage
range reference
direction

The direction describing the reference direction
of the OTA converge range (D.29).
(Note 9)
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Declaration
identifier

Declaration

Description

Applicability
(Note 1)

SAN
type 1-H
(Note 2)

SAN
type 1-
O

SAN
type 2-

D.31

OTA coverage
range maximum
directions

The directions corresponding to the following
points:

1) The direction determined by the maximum ¢
value achievable inside the OTA coverage
range, while 6 value being the closest possible
to the OTA coverage range reference direction.
2) The direction determined by the minimum ¢
value achievable inside the OTA coverage
range, while 8 value being the closest possible
to the OTA coverage range reference direction.
3) The direction determined by the maximum 6
value achievable inside the OTA coverage
range, while @ value being the closest possible
to the OTA coverage range reference direction.
4) The direction determined by the minimum ©
value achievable inside the OTA coverage
range, while @ value being the closest possible
to the OTA coverage range reference direction.

X

X

D.32

The rated carrier
OTA SAN power,
Prated,c,TRP

Prated,c,TrP iS declared as TRP OTA power per
carrier, declared per supported operating band.
(Note 11)

n/a

D.33

Rated transmitter
TRP, Prated,t,TRP

Rated total radiated output power.
Declared per supported operating band.
(Note 11)

n/a

D.34

Rated carrier output
power (Prated,c. TABC)

Conducted rated carrier output power, per single
band connector.

Declared per supported operating band, per TAB
connector for SAN type 1-H.

(Note 11)

n/a

n/a

D.35

Rated total output
power (Prated,t, TABC)

Conducted total rated output power.

Declared per supported operating band, per TAB
connector for SAN type 1-H.

(Note 11)

n/a

n/a

D.36

Single band
connector

List of single-band connector for the supported
operating bands (D.4).

n/a

n/a

D.37

Equivalent
connectors

List of TAB connector of SAN type 1-H, which
have been declared equivalent.

Equivalent connectors imply that the TAB
connector of SAN type 1-H, are expected to
behave in the same way when presented with
identical signals under the same operating
conditions. All declarations made for the TAB
connector of SAN type 1-H are identical and the
transmitter unit and/or receiver unit driving TAB
connector of SAN type 1-H are of identical
design.

n/a

n/a

D.38

Single-band RIB

List of single-band RIB for the supported
operating bands (D.4).

n/a

D.39

Single or multiple
carrier

SAN capability to operate with a single carrier
(only) or multiple carriers. Declared per
supported operating band, per RIB for SAN type
1-O or per TAB connector for SAN type 1-H.

D.40

Maximum number
of supported
carriers per
operating band

Maximum number of supported carriers.
Declared per supported operating band, per RIB
for SAN type 1-O or per TAB connector for SAN
type 1-H.

(Note 10)

D.41

Maximum
supported power
difference between
carriers

Maximum supported power difference between
carriers in each supported operating band.
Declared per operating band (D.4), per RIB for
SAN type 1-O or per TAB connector for SAN
type 1-H.
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Declaration Declaration Description Applicability
identifier (Note 1)
SAN SAN SAN
type 1-H | type 1- | type 2-
(Note 2) o O
D.42 Operating band List of operating bands combinations supported | c X X
combination support | by single-band RIB(s) of SAN type 1-O, or
single-band connector(s) of SAN type 1-H.
D.43 OTA REFSENS Range of angles of arrival associated with the n/a X X
RoAO0A OTA REFSENS.
D.44 OTA REFSENS Reference direction inside the OTA REFSENS n/a X X
receiver target RoAOA (D.43).
reference direction
D.45 OTA REFSENS The following four OTA REFSENS conformance | n/a X X
conformance test test directions shall be declared:
directions 1) The direction determined by the maximum @
value achievable inside the OTA REFSENS
ROAOA, while 6 value being the closest possible
to the OTA REFSENS receiver target reference
direction.
2) The direction determined by the minimum ¢
value achievable inside the OTA REFSENS
ROAOA, while 8 value being the closest possible
to the OTA REFSENS receiver target reference
direction.
3) The direction determined by the maximum 6
value achievable inside the OTA REFSENS
ROAOA, while @ value being the closest possible
to the OTA REFSENS receiver target reference
direction.
4) The direction determined by the minimum 6
value achievable inside the OTA REFSENS
ROAOA, while @ value being the closest possible
to the OTA REFSENS receiver target reference
direction.
D.46 Relation between If the rated transmitter TRP and total number of n/a X X
supported supported carriers are not simultaneously
maximum RF supported, the manufacturer shall declare the
bandwidth, number | following additional parameters:
of carriers and - The reduced number of supported carriers at
Rated maximum the rated transmitter TRP;
TRP - The reduced total output power at the
maximum number of supported carriers.
D.47 Relation between If the rated total output power and total number c n/a n/a
supported of supported carriers are not simultaneously
maximum RF supported, the manufacturer shall declare the
bandwidth, number | following additional parameters:
of carriers and - The reduced number of supported carriers at
Rated total output the rated total output power;
power - The reduced total output power at the
maximum number of supported carriers.
D.48 TAB connectors To reduce test complexity, declaration of a c n/a n/a
used for representative (sub)set of TAB connectors to be
performance used for performance requirement test
requirement testing | purposes. At least one TAB connector mapped
to each demodulation branch is declared.
D.49 Prated,c,sys,GEO The sum of Prated,c,asc for all TAB connectors for | ¢ n/a n/a
a single carrier of the SAN GEO class.
D.50 Prated,c,TABC,GEO The rated carrier output power per TAB c n/a n/a
connector of the SAN GEO class.
D.51 Prated,c,sys,LEO The sum of Prated,c,asc for all TAB connectors for | ¢ n/a n/a
a single carrier of the SAN LEO class.
D.52 Prated,c,TABC LEO The rated carrier output power per TAB c n/a n/a
connector of the SAN LEO class.
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Declaration Declaration Description Applicability
identifier (Note 1)
SAN SAN SAN
type 1-H | type 1- | type 2-
(Note 2) o O
D.53 EIS REFSENS for The EISrersens_som level applicable in the OTA n/a n/a X
FR2 REFSENS RoAO0A, (used as a basis for the
(EISRreFsENs_s50m) derivation of the FR2 EISrersens for other
channel bandwidths supported by SAN). (Note
12)
D.54 SAN test conditions: | Range of barometric pressure values for the X X
Barometric pressure | Satellite Payload RF (SPRF) testing.
D.55 SAN test conditions: | Range of temperature values for SPRF testing. X X
Temperature
D.56 SAN test conditions: | Range of relative humidity values for SPRF X X
Relative humidity testing.
D.57 SAN test conditions: | Range of vibration values for SPRF testing. X X
Vibration
D.58 SAN test conditions: | Additional (e.g. mission-specific) conditions for X X
Additional the SPRF testing.
conditions
D.59 SAN test conditions: | Manufacturer declaration related to the power X X
power supply supply.
D.60 NB-loT in-band Manufacturer shall declare the support of NB-loT | X X
operation operation in NTN NR in-band and the number of
supported NB-10T carriers in total and for each
supported band, frequency range and channel
bandwidth.
D.61 NB-loT sub-carrier If the SAN supports NB-1oT operation in NTN X X
spacing NR in-band, manufacturer shall declare if it
supports 15 kHz sub-carrier spacing, 3.75 kHz
sub-carrier spacing, or both for NPUSCH.
D.62 NB-10T power If manufacturer declares support for NB-loT X X
dynamic range operation in NTN NR in-band, manufacturer
shall declare the maximum power dynamic
range it could support with a minimum of +6dB
or +3dB as specified in clause 6.3.4 of
TS 38.108 [2] (Note 13).
D.100 PUSCH mapping Declaration of the supported PUSCH mapping c X n/a
type type as specified in TS 38.211 [8], i.e., type A,
type B or both.
D.101 PUCCH format Declaration of the supported PUCCH format(s) c X X
as specified in TS 38.211 [8], i.e., format O,
format 1, format 2, format 3, format 4.
D.102 PRACH format and | Declaration of the supported PRACH format(s) c X X
SCS as specified in TS 38.211 [8], i.e., format: O, 2,
B4, C2.
Declaration of the supported SCS(s) per
supported PRACH format with short sequence,
as specified in TS 38.211 [8], i.e., 15 kHz, 30
kHz or both.
D.103 Additional DM-RS Declaration of the supported additional DM-RS c X X
for PUCCH format 3 | for PUCCH format 3: without additional DM-RS,
with additional DM-RS or both.
D.104 Additional DM-RS Declaration of the supported additional DM-RS c X X
for PUCCH format 4 | for PUCCH format 4: without additional DM-RS,
with additional DM-RS or both.
D.105 PUCCH multi-slot Declaration of multi-slot PUCCH support. c X n/a
D.106 MCS index table 3 Declaration of support MCS index table 3 as c X
specified in TS 38.214 [9].
D.107 PUSCH repetition Declaration of support PUSCH repetition type A | ¢ X
type A
D.108 PUSCH DM-RS Declaration of supported SCS and FDD PUSCH | ¢ X n/a
bundling DM-RS bundling, i.e., {15 kHz, 30 kHz}
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Declaration Declaration Description Applicability
identifier (Note 1)
SAN SAN SAN
type 1-H | type 1- | type 2-
(Note 2) o O
NOTE 1: Manufacturer declarations applicable per SAN requirement set were marked as "x" or "c". Manufacturer

NOTE 2:

NOTE 3:

NOTE 4:
NOTE 5:

NOTE 6:

NOTE 7:
NOTE 8:

NOTE 9:

NOTE 10:

NOTE 11:

NOTE 12:

NOTE 13:

declarations not applicable per SAN requirement set were marked as "n/a".

For SAN type 1-H, the only radiated declarations are related to EIRP and EIS requirements. For declarations
marked as 'c', related conducted declarations apply, and for declarations marked as 'x', related radiated
declarations apply.

Depending on the capability of the system some of these beams may be the same. For those same beams,
testing is not repeated.

These operating bands are related to their respective single-band RIBs, or single-band TAB connectors.

As each identified OSDD has a declared minimum EIS value (D.23), multiple operating band can only be
declared if they have the same minimum EIS declaration.

If the SAN type 1-H or SAN type 1-O is not capable of redirecting the receiver target related to the OSDD then
there is only one RoAoA applicable to the OSDD.

For an OSDD without receiver target redirection range, this is a direction inside the sensitivity ROA0A.

OTA coverage range is used for conformance testing of such TX OTA requirements as occupied bandwidth,
frequency error or EVM.

The OTA coverage reference direction may be the same as the Reference beam direction pair (D.8) but does not
have to be.

Parameters for contiguous spectrum operation in the operating band are assumed to be the same unless they
are separately declared. When separately declared, they shall still use the same declaration identifier.

If a SAN is capable of 64QAM DL operation then up to two rated output power declarations may be made. One
declaration is applicable when configured for 64QAM transmissions, and the other declaration is applicable when
not configured for 64QAM transmissions.

Although EISrersens_som level is based on a reference measurement channel with BWchannel = 50 MHz, it does
not imply that SAN has to support 50 MHz channel bandwidth.

This manufacturer may declare two values, one with a minimum of +6dB and the other with a minimum of +3dB.

4.7

4.7.1

Test configurations

General

The test configurations shall be constructed using the methods defined bel ow, subject to the parameters declared by the
manufacturer for the supported RF configurations as listed in clause 4.6. The test configurations to use for conformance
testing are defined for each supported RF configuration in clauses 4.8.3.

The applicable test models for generation of the carrier transmit test signal are defined in clause 4.9.

NOTE: If required, carriers are shifted to align with the channel raster.

4.7.2

Test signal used to build Test Configurations

The signal's channel bandwidth and subcarrier spacing used to build NR Test Configurations shall be selected according
totables4.7.2-1 and 4.7.2-2.

Table 4.7.2-1: Signal to be used to build NR TCs for SAN type 1-H and SAN type 1-O

Operating Band characteristics FoL_nigh — FoL_low <100 MHz
TC signal BW channel 5 MHz (Note 1, Note 2)
characteristics Subcarrier spacing Smallest supported subcarrier spacing

NOTE 1: If this channel bandwidth is not supported, the narrowest supported channel
bandwidth shall be used.

NOTE 2: For NRTCL, if NB-10T is not supported, the signal's channel bandwidth shall be the
narrowest supported one.
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Table 4.7.2-2: Signal to be used to build NR TCs for SAN type 2-O

Operating Band characteristics FoL_nigh — FoL_low < 3250 MHz
TC signal BW channel 100 MHz (Note 1, Note 2)
characteristics Subcarrier spacing Smallest supported subcarrier spacing

NOTE 1: SAN vendor can decide to test with 50 MHz SAN channel bandwidth and smallest
supported SCS declared per operating band (D.7) instead of 100 MHz SAN channel
bandwidth in certain regions, where spectrum allocation and regulation require testing
with 50 MHz.

NOTE 2: If this SAN channel bandwidth is not supported, the narrowest supported SAN
channel bandwidth shall be used.

4.7.3 NRTC1: Contiguous spectrum operation
The purpose of test configuration NRTC1 isto test all SAN requirements excluding CA occupied bandwidth.

For NRTCL1 used in receiver tests only the two outermost carriers within each supported operating band need to be
generated by the test equipment;

4.7.3.1 NRTC1 generation
NRTC1 shall be constructed on a per band basis using the following method:
- Declared maximum SAN RF Bandwidth supported for contiguous spectrum operation (D.16) shall be used;

- Select the carrier to be tested according to 4.7.2 and place it adjacent to the lower SAN RF Bandwidth edge.
Place same signal adjacent to the upper SAN RF Bandwidth edge.

- If NB-loT operationin NTN NR in-band is supported, place the power boosted NB-10T RB at the lower
outermost RB at the lower SAN RF Bandwidth edge eligible for NB-10T operationin NTN NR in-band
according to clause 5.7.3 of TS 36.108 [22] and the definition in clause 3.1. If more than one NB-10T carrier is
supported with NB-l1oT operation in NTN NR in-band, place the power boosted NB-10T RB at the upper
outermost RB at the upper SAN RF Bandwidth edge eligible for NB-10T operationin NTN NR in-band.

- For transmitter tests, select as many carriers (according to 4.7.2) that the SAN supports within an operating band
and fit in the rest of the declared maximum SAN RF Bandwidth (D.16). Place the carriers adjacent to each other
starting from the upper SAN RF Bandwidth edge. The nominal channel spacing defined in TS 38.108 [2],
clause 5.4.1 shall apply.

All configured component carriers are transmitted simultaneously in the tests where the transmitter should be ON.

4.7.3.2 NRTC1 power allocation
For conducted test:

Set the power spectral density of each carrier to the same level so that the sum of the carrier powers equals the rated
total output power (PraedtTasc, D.35) according to the manufacturer's declaration in clause 4.6.

For OTA test:
Set the number of carriersto the number of carriers at maximum TRP (D.15).
For EIRP accuracy requirements set each beam to rated beam EIRP (D.11) for the tested beam direction pair.

For all other requirements set the power of each carrier to the same level so that the sum of the carrier powers equals the
rated transmitter TRP Praeqre (D.33).
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4.8 Applicability of requirements
4.8.1  General

4.8.2 Requirement set applicability

In table 4.8.2-1, the requirement applicability for each requirement set is defined. For each requirement, the applicable
requirement clause in the specification is identified. Requirements not included in arequirement set is marked not
applicable (NA).

Table 4.8.2-1: Requirement set applicability

Requirement Requirement set
SAN type 1-H | SANtype 1-O | SAN type 2-O
Satellite Access Network output power 6.2
Output power dynamics 6.3
Transmit ON/OFF power NA
Frequency error 6.5.1
Modulation quality 6.5.2
Time alignment error NA
Occupied bandwidth 6.6.2
ACLR 6.6.3
Out-of-band emissions 6.6.4
Transmitter spurious emissions 6.6.5
Transmitter intermodulation NA NA NA
Reference sensitivity level 7.2
Dynamic range 7.3
ACS 74.1
In-band blocking NA
Out-of-band blocking 7.5
Receiver spurious emissions NA
Receiver intermodulation NA
In-channel selectivity 7.8
Performance requirements 8
Radiated transmit power 9.2 9.2 9.2
OTA Satellite Access Network output power 9.3 9.3
OTA output power dynamics 9.4 9.4
OTA transmit ON/OFF power NA NA
OTA frequency error 9.6.1 9.6.1
OTA modulation quality 9.6.2 9.6.2
OTA time alignment error NA NA
OTA occupied bandwidth 9.7.2 9.7.2
OTA ACLR NA 9.7.3 9.7.3
OTA out-of-band emission 9.74 9.74
OTA transmitter spurious emission 9.7.5 9.7.5
OTA transmitter intermodulation NA NA
OTA sensitivity 10.2 10.2 NA
OTA reference sensitivity level 10.3 10.3
OTA dynamic range 104 NA
OTA ACS 10.5.1 10.5.1
OTA in-band blocking NA NA
OTA out-of-band blocking NA 10.6 10.6
OTA receiver spurious emission NA NA
OTA receiver intermodulation NA NA
OTA in-channel selectivity 10.9 10.9
Radiated performance requirements 11 11

4.8.3  Applicability of test configurations for single-band operation

The applicable test configurations are specified in the tables below for each the supported RF configuration, which shall
be declared according to clause 4.6. The generation and power alocation for each test configuration is defined in
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clause 4.7. This clause contains the test configurations for a SAN capable of single carrier, multi-carrier operationin
contiguous spectrum in single band.

For a SAN declared to be capable of single carrier operation only (D.39), asingle carrier (SC) shall be used for testing.

For conducted test, for a SAN declared to support multi-carrier operation in contiguous spectrum within a single band
(D.39) with single band connector, the test configurations in the second column of table 4.8.3-1 shall be used for
testing.

For OTA test, for a SAN declared to support multi-carrier operation in contiguous spectrum within a single band (D.39)
with single band RIB, the test configurations in the second column of table 4.8.3-2 shall be used for testing.

Unless otherwise stated, single carrier configuration (SC) tests shall be performed using signal with narrowest
supported channel bandwidth and the smallest supported sub-carrier spacing.

Table 4.8.3-1: Test configurations for a single-band connector

SAN test case Contiguous spectrum capable SAN
Base station output power NRTC1
RE Power control dynamic range Tested with Error Vector Magnitude
Total power dynamic range (Note 2) SC
Freguency error Tested with Error Vector Magnitude
Error Vector Magnitude (Note 2) NRTC1
Occupied bandwidth SC
Adjacent Channel Leakage power Ratio (ACLR) NRTC1
Out-of-band emissions NRTC1, SC (Note 1)
Transmitter spurious emissions NRTC1
Reference sensitivity level SC
Dynamic range SC
Adjacent Channel Selectivity (ACS) NRTC1
Out-of-band blocking NRTC1
In-channel selectivity SC

Note 1:  OOBE SC shall be tested using the widest supported channel bandwidth and the highest supported sub-
carrier spacing.

Note 2:  There is no specific test for NB-loT operation in NTN NR in-band for these requirements, tests could be
performed using NR signal only, without NB-IoT.

Table 4.8.3-2: Test configurations for a single-band RIB

SAN test case Contiguous spectrum capable SAN
Radiated transmit power NRTC1
OTA base station maximum output power NRTC1
OTA RE Power control dynamic range Tested with Error Vector Magnitude
OTA total power dynamic range (Note 2) SC
OTA frequency error Tested with Error Vector Magnitude
OTA error Vector Magnitude (Note 2) NRTC1
OTA Occupied bandwidth SC
OTA ACLR NRTC1
OTA out-of-band emissions NRTC1, SC (Note 1)
OTA transmitter spurious emissions NRTC1
OTA sensitivity SC
OTA reference sensitivity level SC
OTA dynamic range SC
OTA adjacent channel selectivity NRTC1
OTA out-of-band blocking NRTC1
OTA in-channel selectivity SC
Note 1:  OOBE SC shall be tested using the widest supported channel bandwidth and the highest supported subcarrier
spacing.

Note 2:  There is no specific test for NB-10T operation in NTN NR in-band for these requirements, tests could be
performed using NTN NR signal only, without NB-IoT.
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4.9 RF channels and test models

491 RF channels

For the single carrier testing many testsin this TS are performed with appropriate frequencies in the bottom, middle and
top channels of the supported frequency range of the SAN. These are denoted as RF channels B (bottom), M (middle)
and T (top).

Unless otherwise stated, the test shall be performed with asingle carrier at each of the RF channelsB, M and T.

Many testsin this TS are performed with the maximum SAN RF Bandwidth located at the bottom, middle and top of
the supported frequency range in the operating band. These are denoted as Brraw (bottom), Mrrew (Middle) and
Treaw (tOp).

Unless otherwise stated, the test shall be performed at Brraw, Mrraw and Trrew defined as following:

- Brrew: maximum SAN RF Bandwidth located at the bottom of the supported frequency range in the operating
band.

- Mgrew: maximum SAN RF Bandwidth located in the middle of the supported frequency range in the operating
band.

- Treew: maximum SAN RF Bandwidth located at the top of the supported frequency range in the operating band.

When atest is performed by atest laboratory, the position of B, M and T for single carrier, Brraw, Mrraw and Trraw for
single band operation shall be specified by the laboratory. The laboratory may consult with operators, the manufacturer
or other bodies.

4972 Test models

4921 General

The following clauses will describe the NR SAN FR1 test models needed for SAN type 1-H and SAN type 1-O.

4922 FR1 test models

The set-up of physical channels for transmitter tests shall be according to one of the NR SAN FR1 test models (NR-
SAN-FR1-TM) below. A reference to the applicable test model is made within each test.

The following general parameters are used by al NR SAN test models:
- Durationis 1 radio frame (10 ms) for FDD

- Thedotsare numbered 0 to 10x2* — 1 where [ is the numerology corresponding to the subcarrier spacing
(15kHz, 30kHz, and 60kHz)

- Ngs isthe maximum transmission bandwidth configuration seenin table 5.3.2-1in TS 38.108 [2].
- Normal CP
- Virtual resource blocks of localized type

Common physical channel parameters for all NR SAN FRL1 test models are specified in the following tables: table
4.9.2.2-1 for PDCCH, table 4.9.2.2-2 and table 4.9.2.2-3 for PDSCH. Specific physical channel parametersfor NR SAN
FR1 test models are described in clauses 4.9.2.2.1 t0 4.9.2.2.6.
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Table 4.9.2.2-1: Common physical channel parameters for PDCCH for SAN type 1-H and SAN type 1-O

test models
Parameter Value
# of symbols used for control channel 2
Starting symbol number for control channel 0
# of CCEs allocated to PDCCH 1
Starting RB location for PDCCH 0
# of available REGs 6
Aggregation level 1
# of RBs not allocated for PDCCH in each symbol | Nrs — 3
Ratio of PDCCH EPRE to DM-RS EPRE 0dB
Boosting level of control channel 0dB

Table 4.9.2.2-2: Common physical channel parameters for PDSCH for SAN type 1-H and SAN type 1-O

test models
Parameter Value
Mapping type PDSCH mapping type A
dmrs-TypeA-Position for the first DM-RS symbol pos2
dmrs-AdditionalPosition for additional DM-RS symbol(s) 1
dmrs-Type for comb pattern Configuration type 1
maxLength 1
Ratio of PDSCH EPRE to DM-RS EPRE 0dB

Table 4.9.2.2-3: Common physical channel parameters for PDSCH by RNTI for SAN type 1-H and SAN
type 1-O test models

Parameter | Value
PDSCH NRNTI = 0
Starting symbol 0

Ratio of PDSCH EPRE to PDCCH EPRE | 0dB
PDSCH ngyy = 1

Starting symbol 0
Ratio of PDSCH EPRE to PDCCH EPRE | 0dB
PDSCH ngyy = 2

Starting symbol 2
Ratio of PDSCH EPRE to PDCCH EPRE | 0dB
Starting PRB location 0
Number of PRBs 3
49.2.2.1 FR1 test model 1.1 (NR-SAN-FR1-TM1.1)

This model shall be used for tests on:
- SAN output power
- Unwanted emissions
- Occupied bandwidth
- ACLR
- Operating band unwanted emissions
- Transmitter spurious emissions

Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-SAN-
FR1-TM1.1 are defined in table 4.9.2.2.1-1.
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Table 4.9.2.2.1-1: Specific physical channel parameters of NR-SAN-FR1-TM1.1

Parameter Value
# of PRBs PDSCH ngyp = 0 Nrs - 3
Modulation PDSCH ngyt = 0 QPSK
Starting RB location of PDSCH ngyr = 0 3
Modulation of PDSCH ngyp = 2 QPSK
Starting RB location of PDSCH ngyr; = 2 0
4.9.2.2.2 FR1 test model 1.2 (NR-SAN-FR1-TM1.2)

This model shall be used for tests on:
- Unwanted emissions
- ACLR
- Operating band unwanted emissions

Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-SAN-
FR1-TM1.2 are defined in table 4.9.2.2.2-1.

Table 4.9.2.2.2-1: Specific physical channel parameters of NR-SAN-FR1-TM1.2

Parameter Value
Target percent of x=40%
QPSK PDSCH PRBs
boosted
# of OPSK PDSCH _ . (|*WNgp—3)| 1(|Neg—3+3modP—P| _|Ngp—3+3modP—P ;
RBgs which are Npge = min (l b J,2 ([ - J l - Jmodz) + 1), where P ‘IS
boosted determined from table 5.1.2.2.1-1 from TS 38.214 [9], configuration 1 column using N3i#% =
Ngg — 3 as the size of the bandwidth part and N5{#¢E = 3
e ] L > 135 201
boosted
Level of boosting (dB) 3
# of QPSK PDSCH Ngg — 3 — PNggg
PRBs which are
deboosted
Locations of PDSCH
RBGs which are Starting at RB#3 and excluding PRBs of RBGs which are boosted
deboosted
Level of deboosting 101 Ngg — 3 — 103/1°PNppe
(dB) O80T 3~ PNpe
Modulation of PDSCH QPSK
PRBs W|th NRNT] = 2

49223 FR1 test model 2 (NR-SAN-FR1-TM2)
This model shall be used for tests on:
- Total power dynamic range (lower OFDM symbol TX power limit (OSTP) at min power)
- EVM of single 64QAM PRB allocation (at min power)
- Frequency error (at min power)

Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-SAN-
FR1-TM2 are defined in table 4.9.2.2.3-1.
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Table 4.9.2.2.3-1: Specific physical channel parameters of NR-SAN-FR1-TM2

Parameter Value
# of 64QAM PDSCH PRBs 1
Level of boosting (dB) 0
Location of 64QAM PRB
Slot RB n
3 10 x 2%
n 0 n=0,. ,[ 3 l -1
3n+1 l@ — 0 (10 X 2# — 1 1
2 n=4y,.., 7 bl
3n+2 — [10 X 2% =2
: Nes —1 n:0,...,f -1
# of PDSCH PRBs which are not allocated Ngg—1
49.2.2.4 FR1 test model 3.1 (NR-SAN-FR1-TM3.1)

This model shall be used for tests on:
- Output power dynamics

- Total power dynamic range (upper OFDM symbol TX power limit (OSTP) at max power with all 64QAM
PRBs allocated)

- Transmitted signal quality
- Frequency error

- EVM for 64QAM modulation (at max power)

NOTE: EVM shdll be evaluated over PDSCH allocated PRBs with nyyp; = 0 and ngyp = 2.

Common physical channel parameters are defined in clause 4.9.2.2. Physical channel parameters are defined in table
4.9.2.2.1-1 with al QPSK PDSCH PRBsreplaced by 64QAM PDSCH PRBs.

49.2.25 FR1 test model 3.2 (NR-SAN-FR1-TM3.2)
This model shall be used for tests on:
- Transmitted signal quality
- Frequency error
- EVM for 16QAM modulation

Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-SAN-
FR1-TM3.2 are defined in table 4.9.2.2.5-1.
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Table 4.9.2.2.5-1: Specific physical channel parameters of NR-SAN-FR1-TM3.2

Parameter

Value

Target percent of 16QAM
PDSCH PRBs deboosted

X = 60%

# of 16QAM PDSCH RBGs
within a slot for which EVM is
measured

Npgg = min ([x(NR;;—s)J '% (INRB—3+£;modP—PJ _ [NRB—3+2modP—PJ modZ) + 1)1 where

P is determined from table 5.1.2.2.1-1 from TS 38.214 [9], configuration 1 column
using N3¢ = Ngp — 3 as the size of the bandwidth part and N5t = 3

Locations of 16QAM RBGs
which are deboosted

|Faa=2200| — 1 and if Nggg > 1,1, 3, ..., 2(Ngag — 2) + 1

Level of deboosting (dB)

-3

# of QPSK PDSCH PRBs within
a slot for which EVM is not
measured (used for power

balancing only)

Ngp — 3 — PNggg

Locations of PDSCH RBGs
which are boosted

Starting at RB#3 and excluding PRBs of RBGs which are deboosted

Level of boosting (dB)

Ngg —3 —1073/10PNpp,
NRB —3- PNRBG

10 10g10

Modulation of PDSCH PRBs
with ngyp = 2 for which EVM is
not measured

QPSK

49.2.2.6

- Transmitted signal quality

- Frequency error

FR1 test model 3.3 (NR-SAN-FR1-TM3.3)
This model shall be used for tests on:

- EVM for QPSK modulation

Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-SAN-
FR1-TM3.3 are defined in table 4.9.2.2.6-1.

Table 4.9.2.2.6-1: Specific physical channel parameters of NR-SAN-FR1-TM3.3

Parameter Value
Target percent of QPSK PDSCH x =50 %
PRBs deboosted

# of QPSK PDSCH RBGs within
a slot for which EVM is measured

NRBG — min ([x(N;;;—3)J ,% (INRB—3+?I;m0dP—PJ _ [NRB_3+?;m0dP_PJ modZ) + 1), where

P is determined from table 5.1.2.2.1-1 from TS 38.214 [9], configuration 1 column
using N3¢ = Ngzp — 3 as the size of the bandwidth part and NS3¢ = 3

Level of deboosting (dB)

-6

Locations of QPSK RBGs which
are deboosted

lNRB—3+3m0dP

20| — 1 and if Nggg > 1,1, 3, ..., 2(Ngag —2) + 1

Level of deboosting (dB)

-6

# of QPSK PDSCH PRBs within
a slot for which EVM is not
measured (used for power

balancing only)

NRB -3 _PNRBG

Locations of QPSK RBGs for
power balancing

Starting at RB#3 and excluding PRBs of RBGs which are deboosted

Level of boosting (dB)

6
Ngg — 3 — 10710P Ny
NRB —3- PNRBG

10 10g10

Modulation of PDSCH PRBs with
ngyrr = 2 for which EVM is not
measured

QPSK
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49227 NB-loT operation in NTN NR in-band test model (NR-N-TM)

The NB-10T operation in NTN NR in-band test shall be performed by puncturing one NR RB at the eligible (according
to clause 5.7.3 of TS 36.108 [22] and the definition in clause 3.1) in-band position closest to NR minimum guard band.

The set-up of physical channels for transmitter tests shall be according to the FR1 test model 1.1 (NR-SAN-FR1-
TM1.1) on al NR carriersand the NB-10T Test Model (N-TM) defined in TS 36.181 [23] on al NB-I10T carriers.

The power for NR RE and NB-10T RE is set by following procedures:

The average power per RE over al RBs (both NR and NB-10T) is calculated according to manufacturer's
declared rated carrier output power (Praed,c, Tasc in D.49. D.51);

Prated,c,TABC

(W]
Ngp X N§&

Average power per RE (Py,,) =

The power of boosted NB-10T RE (Pug-iot) for the SAN is calculated according to manufacturer's declared rated
NB-10T maximum power dynamic range (X dB >= 6 dB or 3 dB), with the power boosting only applies on the
Nng_ior RES containing NB-10T signal.

Power of boosted NB-1oT RE (Pyg.jo7) = Pavg*lo(x/w) (W]

The remaining power is allocated to Nng NR REs.

(Prated,c,TABC —Pyp_ror X NNB—IOT) [

Power of per NRRE =
Nnr

w]

49.2.3 Data content of Physical channels and Signals for NR-SAN-FR1-TM

Randomisation of the data content is obtained by utilizing a PN sequence generator and the length-31 Gold sequence
scrambling of TS 38.211 [8], clause 5.2.1 which isinvoked by all physical channels prior to modulation and mapping to
the RE grid.

Initialization of the scrambler and RE-mappers as defined in TS 38.211 [8] use the following additional parameters:

N5 = 1 for the lowest configured carrier, N5 = 2 for the 2" lowest configured carrier,..., N5/ = n for the ni®
configured carrier

Antenna ports starting with 2000 for PDCCH
g = 0 (single code word)
Rank 1, single layer

Antenna port starting with 1000 for PDSCH

49.23.1 PDCCH

CORESET __
Nsymb =2

PDCCH modulation to be QPSK as described in TS 38.211 [8], clause 5.1.3

For each dot the required amount of bits for all PDCCHsis asfollows: 1(# of PDCCH) * 1(# of CCE per
PDCCH) * 6(REG per CCE) * 9(data RE per REG) * 2(bits per RE) with these parameters according to the NR-
SAN-FR1-TM definitionsin clause 4.9.2.2

Generate this amount of bits from the output of the PN23 sequence generator [10]. The PN sequence generator
isinitialized with a starting seed of "al ones" in the first allocated slot of each frame. The PN sequenceis
continuous over the dot boundaries.

ETSI



3GPP TS 38.181 version 18.6.0 Release 18 55 ETSI TS 138 181 V18.6.0 (2025-07)

- 1 CCE shall be according to TS 38.211 [8], clause 7.3.2 using non-interleaved CCE-to-REG mapping. PDCCH
occupies the first 2 symbols for 6 resource-element groups, where a resource element group eguals one resource
block during one OFDM symbol.

- Perform PDCCH scrambling according to TS 38.211 [§], clause 7.3.2.3

- Np= N,CDe” in DM-RS sequence generation in TS 38.211 [8], clause 7.4.1.3
- ngym = 0 inscrambling sequence generation in TS 38.211 [8], clause 7.3.2.3

- Perform mapping to REs according to TS 38.211 [8], clause 7.3.2.5.

49.2.3.2 PDSCH

- Generate the required amount of bits from the output of the PN23 sequence generator [10]. The PN sequence
generator isinitialized with a starting seed of "all ones" in thefirst allocated slot of each frame. The PN sequence
is continuous over the slot boundaries. For TMs with multi-users, the PN sequence can be generated per user
(nRNTI )

- NR-SAN-FR1-TMsutilize 1, 2 or 3 user PDSCH transmissions distinguished by ngyp. For each NR-SAN-FR1-
TM, PRBs are mapped to user (ngyrr) asfollows:

Table 4.9.2.3.2-1: Mapping of PRBs to Ng;, for NR-SAN-FR1-TM

Test model Nenm Number of users
NR-SAN-FR1-TM1.1 2 for PRBs located in PRB#0-2 2
0 for remaining PRBs
NR-SAN-FR1-TM1.2 0 for boosted PRBs 3

1 for de-boosted PRBs
2 for PRBs located in PRB#0-2

NR-SAN-FR1-TM2 2 for all PRBs 1

NR-SAN-FR1-TM3.1 2 for PRBs located in PRB#0-2 2
0 for remaining PRBs

NR-SAN-FR1-TM3.2 0 for QPSK PRBs 3

1 for 16QAM PRBs
2 for PRBs located in PRB#0-2
NR-SAN-FR1-TM3.3 | 0 for QPSK PRBs for which EVM is not measured 3
1 for QPSK PRBs for which EVM is measured
2 for PRBs located in PRB#0-2

- Perform user specific scrambling according to TS 38.211 [8], clause 7.3.1.1.

- Perform modulation of the scrambled bits with the modulation scheme defined for each user according to
TS38.211[8], clause 7.3.1.1

— cell
- np=Np

- Perform mapping of the complex-valued symbolsto layer according to TS 38.211 [8], clause 7.3.1.3.

x@ (i) =d© (i) M;?/ne[;= Mg,),)nb Complex-valued modulation symbols d@ (0),---,d(q)(|\/|$,)nb—]) for

codeword g shall be mapped onto the layers X(i) = [X(O) (i .. x@3 (i)]r i =0,l...,|\/|§¥net;—l wherev is
equal to number of layers.

- Perform PDSCH mapping according to TS 38.211 [8] using parameters listed in table 4.9.2.2-2.

- PDSCH resource allocation according to TS 38.214 [9] as following;
- NR-SAN-FR1-TM1.1, NR-SAN-FR1-TM3.1: type 1 for PDSCH with ngnti = 0 and ngnmi = 2,

- NR-SAN-FR1-TM1.2, NR-SAN-FR1-TM3.2, NR-SAN-FR1-TM3.3: type O for PDSCH with ngyti = 0 and
NrnTi = 1, type 1 for PDSCH with ngnri = 2,
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- NR-SAN-FR1-TM2: type 1 for PDSCH with ngnmi = 2.

DM-RS sequence generation according to TS 38.211 [8], clause 7.4.1.1.1 where | isthe OFDM symbol number
within the slot with the symbolsindicated by table 4.9.2.2-2.

nscip — pycell
NID - NID

Ngep = 0

DM-RS mapping according to TS 38.211 [8], clause 7.4.1.1.2 using parameters listed in table 4.9.2.2-2.

4924 FR2 test models

The set-up of physical channels for transmitter tests shall be according to one of the NR SAN FR2 test models (NR-
SAN-FR2-TM) below. A reference to the applicable test model is made within each test.

The following general parameters are used by al NR SAN test models:

Duration is 1 radio frame (10 ms) for FDD

The dlots are numbered 0 to 10x2* — 1 where [ is the numerology corresponding to the subcarrier spacing
(60kHz, and 120kHz)

Nrg is the maximum transmission bandwidth configuration seenin table 5.3.2-2in TS 38.108 [2].
Normal CP

Virtual resource blocks of localized type

Common physical channel parameters for all NR SAN FR2 test models are specified in the following tables: table
4.9.2.4-1 for PDCCH, table 4.9.2.4-2 and table 4.9.2.4-3 for PDSCH. Specific physical channel parametersfor NR SAN
FR2 test models are described in clauses 4.9.2.4.1 t0 4.9.2.4.3.

Table 4.9.2.4-1: Common physical channel parameters for PDCCH for SAN type 2-O test models

Parameter Value
# of symbols used for control channel 2
Starting symbol number for control channel 0
# of CCEs allocated to PDCCH 1
Starting RB location for PDCCH 0
# of available REGs 6
Aggregation level 1
# of RBs not allocated for PDCCH in each symbol Nrg — 3
Ratio of PDCCH EPRE to DM-RS EPRE 0dB
Boosting level of control channel 0dB

Table 4.9.2.4-2: Common physical channel parameters for PDSCH for SAN type 2-O test models

Parameter Value
mapping type PDSCH mapping type A
dmrs-TypeA-Paosition for the first DM-RS symbol 'pos2'
dmrs-AdditionalPosition for additional DM-RS symbol(s) 0
dmrs-Type for comb pattern Configuration type 1
maxLength 1
Ratio of PDSCH EPRE to DM-RS EPRE 0dB
PTRS configuration and density Lerrs=4
KpT-Rs = 2
kRE = 00
Ratio of PT-RS EPRE to DM-RS EPRE 0dB
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Table 4.9.2.4-3: Common physical channel parameters for PDSCH by RNTI for SAN type 2-0 test

models
Parameter | Value
PDSCH NRNTI = 0
Starting symbol 0

Ratio of PDSCH EPRE to PDCCH EPRE | 0dB
PDSCH NRNTI = 2

Starting symbol 2
Ratio of PDSCH EPRE to PDCCH EPRE | 0dB
Starting PRB location 0
Number of PRBs 3
49.24.1 FR2 test model 1.1 (NR-SAN-FR2-TM1.1)

This model shall be used for tests on:
- Radiated transmit power
- SAN output power
- Unwanted emissions
- Occupied bandwidth
- ACLR

Out-of-band emissions

Transmitter spurious emissions

Common physical channel parameters are defined in clause 4.9.2.4. Specific physical channel parameters for NR-SAN-
FR2-TM 1.1 are defined in table 4.9.2.4.1-1.

Table 4.9.2.4.1-1: Specific physical channel parameters of NR-SAN-FR2-TM1.1

Parameter Value
# of PRBs PDSCH NRNTL = 0 Nrs - 3
Modulation PDSCH ngypy = 0 QPSK
Starting RB location of PDSCH ngyt; = 0 3
Starting RB location of PDSCH ngyr; = 2 0
4.9.2.4.2 FR2 test model 2 (NR-SAN-FR2-TM2)

This model shall be used for tests on:
- Total power dynamic range (lower OFDM symbol TX power limit (OSTP) at min power)
- EVM of single PRB allocation (at min power)
- Frequency error (at min power)

Common physical channel parameters are defined in clause 4.9.2.4. Specific physical channel parameters for NR-SAN-
FR2-TM2 are defined in table 4.9.2.4.2-1 for 64QAM. For 16QAM and QPSK, specific physical channel parameters for
NR-SAN-FR2-TM2 are defined in table 4.9.2.4.2-1 with 64QAM PDSCH PRB replaced with selected modulation order
PDSCH PRB according to the corresponding test procedure.
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Table 4.9.2.4.2-1: Specific physical channel parameters of NR-SAN-FR2-TM2

Parameter Value
# of 64QAM PDSCH PRBs 1
Level of boosting (dB) 0
Location of 64QAM PRB Slot RB n
3n 0 10 x 2#
n=0, [ 3 -
3n+1 l@J o 10x2# -1
2 mESe T T
+2 — 10x 2% -2
3n NRB 1 TLZO,...,[ 3 ]_
# of PDSCH PRBs which are not allocated Ngg —1
4.9.2.4.3 FR2 test model 3.1 (NR-SAN-FR2-TM3.1)

This model shall be used for tests on:
- Output power dynamics

- Total power dynamic range (upper OFDM symbol TX power limit (OSTP) at max power with all PRBs
allocated)

- Transmitted signal quality
- Frequency error

- EVM for modulation (at max power)

NOTE: EVM shdll be evaluated over PDSCH allocated PRBs with nyyr; = 0 and ngyr = 2.

Common physical channel parameters are defined in clause 4.9.2.4. Specific physical channel parameters for NR-SAN-
FR2-TM3.1 are defined in table 4.9.2.4.1-1 with all QPSK PDSCH PRBs replaced with sel ected modulation order
PDSCH PRBs according to the corresponding test procedure.

49.2.5 Data content of Physical channels and Signals for NR-SAN-FR2-TM

Randomisation of the data content is obtained by utilizing a PN sequence generator and the length-31 Gold sequence
scrambling of TS 38.211 [8], clause 5.2.1 which isinvoked by all physical channels prior to modulation and mapping to
the RE grid.

Initialization of the scrambler and RE-mappers as defined in TS 38.211 [8] use the following additional parameters:

- Nfg" =1 for the lowest configured carrier, N5 = 2 for the 2" lowest configured carrier,..., N/ = n for the ni®
configured carrier

- Antenna ports starting with 2000 for PDCCH
- =0 (single code word)
- Rank 1, single layer

- Antennaport starting with 1000 for PDSCH

49.25.1 PDCCH
- NG = 2

- PDCCH modulation to be QPSK as described in TS 38.211 [8], clause 5.1.3
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For each dot the required amount of bits for all PDCCHsis asfollows: 1(# of PDCCH) * 1(# of CCE per
PDCCH) * 6(REG per CCE) * 9(data RE per REG) * 2(bits per RE) with these parameters according to the NR-
SAN-FR2-TM definitionsin clause 4.9.2.4

Generate this amount of bits from the output of the PN23 sequence generator [10]. The PN sequence generator
isinitialized with a starting seed of "al ones" in thefirst allocated dot of each frame. The PN sequenceis
continuous over the slot boundaries.

1 CCE shall be according to TS 38.211 [8], clause 7.3.2 using non-interleaved CCE-to-REG mapping. PDCCH
occupiesthe first 2 symbols for 6 resource-element groups, where a resource element group equal's one resource
block during one OFDM symbol.

Perform PDCCH scrambling according to TS 38.211 [ 8], clause 7.3.2.3
Nip = N&' in DM-RS sequence generation in TS 38.211 [8], clause 7.4.1.3
ngny = 0 in scrambling sequence generation in TS 38.211 [8], clause 7.3.2.3

Perform mapping to REs according to TS 38.211 [8], clause 7.3.2.5.

4.9.2.5.2 PDSCH

Generate the required amount of bits from the output of the PN23 sequence generator [10]. The PN sequence
generator isinitialized with a starting seed of "all ones" in the first allocated slot of each frame. The PN sequence
is continuous over the slot boundaries. For TMs with multi-users, the PN sequence can be generated per user
(NrNTI).

NR-SAN-FR2-TMs utilize 1 or 2 user PDSCH transmissions distinguished by npyt. For each NR-SAN-FR2-
TM, PRBs are mapped to user (ngyt;) as follows:

Table 4.9.2.5.2-1: Mapping of PRBs to Ng, for NR-SAN-FR2-TM

Test model n Number of users
RNTI
NR-SAN-FR2-TM1.1 2 for PRBs located in PRB#0-2 2
0 for remaining PRBs
NR-SAN-FR2-TM2 2 for all PRBs 1
NR-SAN-FR2-TM3.1 2 for PRBs located in PRB#0-2 2
0 for remaining PRBs

Perform user specific scrambling according to TS 38.211 [8], clause 7.3.1.1.

Perform modulation of the scrambled bits with the modulation scheme defined for each user according to
TS38.211[8], clause 7.3.1.2

— cell
np = Npp

Perform mapping of the complex-valued symbolsto layer according to TS 38.211 [8], clause 7.3.1.3.

xO (i) = d i) Ms}r/ne{): Mg/))mt Complex-valued modulation symbols d@ (0)’---d(Q) (Mg;?nb—]) for
codeword q shall be mapped onto the layers X(i) = [X(O) @ .. xvD (i)]r N =Ql...M§¥ne{,—l wherev is
equal to number of layers.

Perform PDSCH mapping according to TS 38.211 [8] using parameters listed in table 4.9.2.4-2.

PDSCH resource allocation according to TS 38.214 [9] as following;

- NR-SAN-FR2-TM1.1, NR-SAN-FR2-TM3.1: type 1 for PDSCH with ngnti = 0, Nrnmi = 2

- NR-SAN-FR2-TM2: type 1 for PDSCH with ngnmi = 2

DM-RS sequence generation according to TS 38.211 [8], clause 7.4.1.1.1 where | isthe OFDM symbol number
within the slot with the symbolsindicated by table 4.9.2.4-2.
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NI‘%SCID — NI(SeH
- Nngep =0
- DM-RS mapping according to TS 38.211 [8], clause 7.4.1.1.2 using parameters listed in table 4.9.2.4-2.

- For NR-SAN-FR2-TM PT-RS sequence generation according to TS 38.211 [8], clause 7.4.1.2.1, with parameters
listed in table 4.9.2.4-2.

- For NR-SAN-FR2-TM PT-RS mapping according to TS 38.211 [8], clause 7.4.1.2.2, with parameters listed in
table 4.9.2.4-2.

4.9.2.6 Data content of Physical channels and Signals for NR-N-TM

Detailed configuration for the transmitter characteristic tests are defined in TS 36.181 [23].

4.9.3 NB-loT testing

Unless otherwise stated, the NB-10T operation in NTN NR in-band test shall be performed by puncturing one NR RB at
the eligible (according to clause 5.7.3 of TS 36.108 [22] and the definition in clause 3.1) in-band position closest to NR
minimum guard band; those are denoted Lng-iot (Left) and Rug-iot (Right).

Unless otherwise stated, the NB-10T operationin NTN NR in-band receiver tests shall be performed by using the tone
located on the NB-1oT RB's edge, which is closest to NR minimum guard band; those are denoted Bng-iot for Lng-iot and
Tng-ot fOr Rng-toT.

Unless otherwise stated, a SAN declared to be capable of NB-l10T operation in NTN NR in-band is only required to pass
the transmitter tests for NR with NB-10T operation in NTN NR in-band; it is not required to perform the transmitter
tests again for NR only.

Unless otherwise stated, a SAN declared to be capable of NB-10T operationin NTN NR in-band is only required to pass
the receiver tests for NR with NB-1oT operation in NTN NR in-band; it is not required to perform the receiver tests
again for NR only.

NOTE: The SAN should be configured (RRC signalling) for the NB-1oT E-UTRA guardband mode during the
tests.

410 Void

4.11 Reference coordinate system

Radiated requirements are stated in terms of electromagnetic characteristics (e.g. EIRP and EIS) at certain angles with
respect to the base station. To be able to declare radiated characteristics part of radiated requirements areference
coordinate system is required. The reference coordinate system is should be associated to an identifiable physical
feature on the base station enclosure. The location of the origin and the orientation of the reference coordinate system
are for the base station manufacturer to declare.

The reference coordinate system is created of a Cartesian coordinate system with rectangular axis (x, y, z) and spherical
angles (0, ¢) as showed in figure 4.11-1.
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Figure 4.11-1: Reference coordinate system

¢ isthe anglein the x/y plane, between the x-axis and the projection of the radiating vector onto the x/y plane and is
defined between -180° and +180°, inclusive. 6 isthe angle between the projection of the vector in the x/y plane and the
radiating vector and is defined between -90° and +90°, inclusive. Note that 6 is defined as positive along the down-tilt
angle.

4.12  Format and interpretation of tests

Each test has a standard format:

X Title

All tests are applicable to all equipment within the scope of the present document, unless otherwise stated.
X.1  Definition and applicability

This clause gives the general definition of the parameter under consideration and specifies whether the test is applicable
to all equipment or only to a certain subset. Required manufacturer declarations may be included here.

X.2  Minimum reguirement

This clause contains the reference to the clause to the 3GPP reference (or core) specification which defines the
minimum requirement.

X.3 Test purpose

This clause defines the purpose of the test.
X.4 Method of test

X.4.1 General

In some cases there are alternative test procedures or initial conditions. In such cases, guidance for which initial
conditions and test procedures can be applied are stated here. In the case only one test procedureis applicable, that is
stated here.
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X.4.2 First test method
X.4.2.1 Initial conditions

This clause defines the initial conditions for each test, including the test environment, the RF channels to be tested and
the basic measurement set-up.

X.4.2.2 Procedure

This clause describes the steps necessary to perform the test and provides further details of the test definition like
domain (e.g. frequency-span), range, weighting (e.g. bandwidth), and algorithms (e.g. averaging). The procedure may
comprise data processing of the measurement result before comparison with the test requirement (e.g. average result
from several measurement positions).

X.42a Alternativetest method (if any)
If there are alternative test methods, each is described with itsinitial conditions and procedures.
X.5 Test requirement

This clause defines the pass/fail criteriafor the equipment under test, see clause 4.1.3 (Interpretation of measurement
results). Test requirements for every minimum requirement referred in clause X.2 are listed here. Cases where minimum
requirements do not apply need not be mentioned.

5 Operating bands and channel arrangement

For the NR and NB-10T operation in NTN NR in-band operating bands specification, their channel bandwidth
configurations, channel spacing and raster, as well as synchronization raster specification, refer to TS 38.108 [2],
clause 5 and its relevant clauses.

6 Conducted transmitter characteristics

6.1 General

6.1.1  SAN type 1-H

General test conditions for conducted transmitter tests are given in clause 4, including interpretation of measurement
results and configurations for testing. SAN configurations for the tests are defined in clause 4.5.

If a number of single-band connectors have been declared equivalent (D.37), only a representative one is necessary to
be tested to demonstrate conformance.

6.2 Satellite Access Node output power

6.2.1 Definition and applicability
The conducted SAN output power requirements are specified at single-band connector.

Therated carrier output power of the SAN type 1-H shall be as specified in table 6.2.1-1.
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Table 6.2.1-1: SAN type 1-H rated output power limits for SAN classes

SAN class Prated,c,sys (NOTE) Prated,c,TABC (NOTE)
SAN GEO Prated,c,sys,GEO Prated,c,TABC,GEO
SAN LEO Prated,c,sys,LEO Prated,c,TABC,LEO

NOTE: Prated,c.sys OF Prated,c. TaBc Of SAN shall be based on manufacturer declaration and
comply with regulation requirement.

The output power limit for the respective SAN classesin table 6.2.1.-1 shall be compared to the rated output power and
the declared SAN class. It is not subject to testing.

6.2.2 Minimum requirement

The minimum requirement applies per single-band connector supporting transmission in the operating band.

The minimum requirement for SAN type 1-H isdefined in TS 38.108 [2], clause 6.2.2.

6.2.3 Test purpose

The test purpose is to verify the accuracy of the maximum carrier output power across the frequency range and under
normal conditions.

6.2.4 Method of test

6.24.1 Initial conditions
Test environment:
- Normal, see annex B.2,
RF channels to be tested for single carrier:B, M and T; see clause 4.9.1
SAN RF Bandwidth positions to be tested for multi-carrier:

- Brraw, Mgreaw and Treaw for single-band connector(s), see clause 4.9.1.

6.2.4.2 Procedure

For SAN type 1-H where there may be multiple TAB connectors, they may be tested one at atime or multiple TAB
connectors may be tested in parallel as shown in annex D.1.1. Whichever method is used the procedure is repeated until
all TAB connectors necessary to demonstrate conformance have been tested.

1) Connect the power measuring equipment to single-band connector(s) under test as shown in annex D.1.1 for
SAN type 1-H. All connectors not under test shall be terminated.

2) For single carrier set the connector under test to transmit according to the applicable test configurationin
clause 4.8 using the corresponding test models or set of physical channelsin clause 4.9.2 at rated carrier output
power Praedctasc for SAN type 1-H (D.34).

For a connector under test declared to be capable of multi-carrier (D.39) set the connector under test to transmit
on all carriers configured using the applicable test configuration and corresponding power setting specified in
clauses 4.7 and 4.8 using the corresponding test models or set of physical channelsin clause 4.9.2.

3) Measure the maximum carrier output power (Prmaxc1aBc fOr SAN type 1-H) for each carrier at each connector
under test.
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6.2.5 Test requirement

For each single-band connector under test, the power measured in clause 6.2.4.2 in step 3 shall remain within the values
provided in table 6.2.5-1 for normal test environments, relative to the manufacturer's declared Praed.c,tasc for SAN type
1-H (D.34):

Table 6.2.5-1: Test requirement for conducted SAN output power

SAN type Normal test environment
SAN type 1-H f<3GHz:+2.7dB

NOTE: For NB-loT operationin NTN NR in-band, the NR carrier and NB-loT carrier shall be seen asasingle
carrier occupied NR channel bandwidth, the output power over this carrier is shared between NR and NB-
IoT. This note shall apply for Pmax.c,taec @and Praed,c TABC.

6.3 Output power dynamics

6.3.1 General

The requirements in clause 6.3 apply during the transmitter ON period. Transmit signal quality requirements (as
specified in clause 6.5) shall be maintained for the output power dynamics requirements of this clause.

6.3.2 RE power control dynamic range

6.3.2.1 Definition and applicability

The RE power control dynamic range is the difference between the power of an RE and the average RE power for a
SAN at maximum carrier output power (Pmaxctasc) for a specified reference condition.

6.3.2.2 Minimum requirement
The minimum requirement applies per single-band connector in the operating band.

The minimum requirement for SAN type 1-H isdefined in TS 38.108 [ 2], clause 6.3.2.2.

6.3.2.3 Test purpose
No specific test or test requirements are defined for conducted RE power control dynamic range. The Error Vector
Magnitude (EVM) test, as described in clause 6.5.4 provides sufficient test coverage for this requirement.

6.3.3  Total power dynamic range

6.3.3.1 Definition and applicability

The SAN total power dynamic range is the difference between the maximum and the minimum transmit power of an
OFDM symbol for a specified reference condition.

NOTE: The upper limit of the total power dynamic range is the OFDM symbol TX power (OSTP) for a SAN at
maximum output power when transmitting on al RBs. The lower limit of the total power dynamic range
isthe average power for single RB transmission. The OFDM symbols shall carry PDSCH and not contain
PDCCH, RS, or SSB.

6.3.3.2 Minimum requirement

The minimum reguirement applies per single-band connector.
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The minimum requirement for SAN type 1-H isin TS 38.108 [2], clause 6.3.3.2.

6.3.3.3 Test purpose

The test purpose isto verify that the total power dynamic range is within the limits specified by the minimum
requirement.

6.3.34 Method of test

6.3.3.4.1 Initial conditions
Test environment: Normal, see annex B.2.
RF channelsto betested: M; seeclause 4.9.1.

Set the channel set-up of the connector under as shown in annex D.3 for SAN type 1-H.

6.3.3.4.2 Procedure

For SAN type 1-H where there may be multiple TAB connectors, they may be tested one at a time or multiple TAB
connectors may be tested in parallel as shown in annex D.1.1. Whichever method is used the procedure is repeated until
al TAB connectors necessary to demonstrate conformance have been tested.

1) Connect the single-band connector(s) under test as shown in annex D.1.1 for SAN type 1-H. All connectors not
under test shall be terminated.

2) Set each connector under test to transmit according to the applicable test configuration in clause 4.8 using the
corresponding test modelsin clause 4.9.2 at rated carrier output power Praedctasc for SAN type 1-H (D.34).

3) For SAN type 1-H, set the SAN to transmit a signal according to:
- NR-SAN-FR1-TM3.1if 64QAM issupported by SAN without power back off, or

- NR-SAN-FR1-TM3.1 with al 64QAM PDSCH PRBs replaced by 16QAM PDSCH PRBsif 64QAM is
supported by SAN with power back off, or

- NR-SAN-FR1-TM3.1 with all 64QAM PDSCH PRBs replaced by 16QAM PDSCH PRBsif 64QAM is not
supported by SAN but 16QAM is supported by SAN, or

- NR-SAN-FR1-TM3.1 with al 64QAM PDSCH PRBs replaced by QPSK PDSCH PRBsif 64QAM and
16QAM are both not supported by SAN.

4) Measure the OFDM symbol TX power (OSTP) as defined in the annex H.
5) For SAN type 1-H, set the SAN to transmit a signal according to:
- NR-SAN-FR1-TM2if 64QAM is supported by SAN, or

- NR-SAN-FR1-TM2 with all 64QAM PDSCH PRBs replaced by 16QAM PDSCH PRBsif 64QAM is not
supported by SAN and 16QAM is supported;

- NR-SAN-FR1-TM2 with all 64QAM PDSCH PRBs replaced by QPSK PDSCH PRBsif 64QAM and
16QAM are both not supported;

6) Measure the OFDM symbol TX power (OSTP) as defined in the annex H.

6.3.3.5 Test requirements

The downlink (DL) total power dynamic range for each NR carrier shall be larger than or equal to the level in
table 6.3.4.5-1.
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Table 6.3.3.5-1: SAN total power dynamic range

SAN channel Total power dynamic range (dB)
bandwidth (MHz) | 15kHz SCS | 30 kHz SCS | 60 kHz SCS
5 13.5 10 N/A
10 16.7 13.4 10
15 18.5 15.3 12.1
20 19.8 16.6 134

NOTE: Additional test requirements for the EVM at the lower limit of the dynamic range are defined in
clause 6.5.4.

6.3.4 NB-loT RB power dynamic range for NB-1oT operation in NTN NR
in-band
6.34.1 Definition and applicability

The NB-10T RB power dynamic range (or NB-10T power boosting) for NB-10T operation in NTN NR in-band isthe
difference between the average power of NB-1oT REs (which occupy certain REs within a NR transmission bandwidth
configuration plus 15 kHz at each edge but not within the NR minimum guard band GBcrame) and the average power
over all REs (from both NB-l1oT and the NR carrier containing the NB-10T RES).

6.3.4.2 Minimum requirement
The minimum requirement applies per single-band connector, or per multi-band connector.

The minimum requirement for SAN type 1-H isin TS 38.108 [2], clause 6.3.4.2.

6.3.4.3 Test purpose

The test purpose is to verify that the NB-loT RB power dynamic range for NB-10T operation in NTN NR in-band is met
as specified by the minimum requirement.

6.3.4.4 Method of test

Requirement is tested together with operating band unwanted emissions test, as described in clause 6.6.4.

6.3.4.5 Test requirements

NB-1oT RB power dynamic range for NB-1oT operation in NTN NR in-band shall be larger than or equal to the level
specified in Table 6.3.4.5-1 or the NB-l1oT power dynamic range declared by the SAN manufacturer (D63). This power
dynamic range level isonly required for one NB-10T RB.

Table 6.3.4.5-1: NB-lIoT RB power dynamic range for NB-loT operation in NTN NR in-band

SAN channel NB-loT RB frequency position NB-loT RB power
bandwidth (MHz) dynamic range
(dB)
5,10 Any +5.6
15 Within center 77*180kHz+15kHz at each edge +5.6
Other +2.6
20 Within center 102*180kHz+15kHz at each edge +5.6
Other +2.6
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6.4 Transmit ON/OFF power

The requirement is not applicable in this version of the specification.

6.5 Transmitted signal quality

6.5.1 General

The requirementsin clause 6.5 apply during the transmitter ON period.
6.5.2 Frequency error

6.5.2.1 Definition and applicability

Frequency error isthe measure of the difference between the actual SAN transmit frequency and the assigned
frequency. The same source shall be used for RF frequency and data clock generation.

It is not possible to verify by testing that the data clock is derived from the same frequency source as used for RF
generation. This may be confirmed by the manufacturer's declaration.

For SAN type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating
band.

6.5.2.2 Minimum Requirement

The minimum reguirement isin TS 38.108 [2], clause 6.5.1.2.

6.5.2.3 Test purpose

The test purpose isto verify that frequency error is within the limit specified by the minimum regquirement.

6.5.2.4 Method of test

Requirement is tested together with modulation quality test, as described in clause 6.5.3.

6.5.2.5 Test Requirements

The modulated carrier frequency of each NR carrier configured by the SAN shall be accurate to within 0.05 ppm + 12
Hz (tolerance) observed over 1 ms.

The frequency error requirement for NB-10T is specified in TS 36.181 [23] clause 6.5.2.5.
6.5.3 Modulation quality

6.5.3.1 Definition and applicability

Modulation quality is defined by the difference between the measured carrier signal and an ideal signal. Modulation
quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure of the
difference between the ideal symbols and the measured symbols after the equalization. This differenceis called the
error vector.

For SAN type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating
band.

6.5.3.2 Minimum Requirement

The minimum reguirement isin TS 38.108 [2], clause 6.5.2.2.
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6.5.3.3 Test purpose

The test purpose is to verify that modulation quality is within the limit specified by the minimum requirement.
6.5.3.4 Method of test

6.5.3.4.1 Initial conditions

Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
RF bandwidth positions to be tested for multi-carrier:

- Brraw, Mreaw and Treaw in single-band operation, see clause 4.9.1.

6.5.3.4.2 Procedure

The minimum requirement is applied to all TAB connectors, they may be tested one at atime or multiple TAB
connectors may be tested in parallel as shown in annex D.1.1 for SAN type 1-H. Whichever method is used the
procedure is repeated until all TAB connectors necessary to demonstrate conformance have been tested.

1) For aTAB connector declared to be capable of single carrier operation only (D.39), set the TAB connector under
test to transmit a signal according to the applicable test configuration in clause 4.8 using the corresponding test
models:

- NR-SAN-FR1-TM3.1if 64QAM issupported by SAN without power back off, or

- NR-SAN-FR1-TM3.1 at manufacturer's declared rated output power if 64QAM is supported by SAN with
power back off, and NR-SAN-FR1-TM3.2 at maximum power, or

- NR-SAN-FR1-TM3.2 if highest modulation order supported by SAN is 16QAM, or
- NR-SAN-FR1-TM3.3if highest modulation order supported by SAN is QPSK.

For TAB connector declared to be capable of multi-carrier operation, set the TAB connector under test to transmit
according to the applicable test configuration and corresponding power setting specified in clauses 4.7 and 4.8
using the corresponding test models on al carriers configured:

- NR-SAN-FR1-TM3.1if 64QAM issupported by SAN without power back off, or

- NR-SAN-FR1-TM3.1 at manufacturer's declared rated output power if 64QAM is supported by SAN with
power back off, and NR-SAN-FR1-TM3.2 at maximum power, or

- NR-SAN-FR1-TM3.2if highest modulation order supported by SAN is 16QAM, or
- NR-SAN-FR1-TM3.3if highest modulation order supported by SAN is QPSK.
For NR-SAN-FR1-TM 3.1, power back-off shall be applied if it is declared.

2) Measure the EVM and frequency error as defined in annex H.

6.5.3.5 Test requirements

The EVM of each NR carrier for different modulation schemes on PDSCH shall be less than the limitsin table 6.5.3.5-
1.
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EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink slots. Different modulation

Table 6.5.3.5-1 EVM requirements for SAN type 1-H carrier
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Modulation scheme for PDSCH

Required EVM

QPSK 18.5 %
16QAM 135 %
64QAM (NOTE) 9%

NOTE:

EVM requirement for 64QAM is optional.

schemes listed in table 6.5.3.5-1 shall be considered for rank 1.

For al bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks
and downlink slots within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be

aligned with radio frame boundaries.

Table 6.5.3.5-2, 6.5.3.5-3, 6.5.3.5-4 below specify the EVM window length (W) for normal CP for SAN type 1-H.

Table 6.5.3.5-2 EVM window length for normal CP for NR, FR1, 15 kHz SCS

Channel CP length for EVM window Ratio of W to total CP
bandwidth FFT size symbols 1-6 and 8-13 length W length for symbols 1-6
(MHz) in FFT samples and 8-13 (Note) (%)

5 512 36 14 40

10 1024 72 28 40

15 1536 108 44 40

20 2048 144 58 40
NOTE: These percentages are informative and apply to a slot's symbols 1 to 6 and 8 to 13. Symbols

0 and 7 have a longer CP and therefore a lower percentage.

Table 6.5.3.5-3 EVM window length for normal CP for NR, FR1, 30 kHz SCS

CP length for . Ratio of W to total CP
ban(jCV\?iz?r?%l\/le) FFT size symbols 1-13in FFT E\I/:avlngtlt??/\(ljw length for symbols 1-13
samples (Note) (%)
5 256 18 8 40
10 512 36 14 40
15 768 54 22 40
20 1024 72 28 40
NOTE: These percentages are informative and apply to a slot's symbols 1 through 13. Symbol 0 has
a longer CP and therefore a lower percentage.
Table 6.5.3.5-4 EVM window length for normal CP for NR, FR1, 60 kHz SCS
Channel FET size CP length in FFT EVM window Ratio of W to total CP
bandwidth (MHz) samples length W length (Note) (%)
10 256 18 8 40
15 384 27 11 40
20 512 36 14 40

NOTE:

These percentages are informative and apply to all OFDM symbols within subframe except
for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and
therefore a lower percentage.

The modulation quality requirements for NB-1oT are specified in TS 36.181 [23] clause 6.5.3.5.

6.6

6.6.1

Unwanted emissions consist of out-of-band emissions and spurious emissions according to ITU definitions[4]. InITU
terminology, out of band emissions are unwanted emissions immediately outside the SAN channel bandwidth resulting

General

Unwanted emissions
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from the modulation process and non-linearity in the transmitter but excluding spurious emissions. Spurious emissions
are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission,
intermodulation products and frequency conversion products, but exclude out of band emissions.

The out-of-band emissions requirement for the SAN transmitter is specified both in terms of Adjacent Channel Leakage
power Ratio (ACLR) and out-of-band emissions (OOBE). There isin addition a requirement for occupied bandwidth.

Table 6.6.1-1: Void

For SAN type 1-H the unwanted emission requirements are applied to sum of power over al TAB connectorsfor al the
configurations supported by the SAN, except for occupied bandwidth in subclause 6.6.2.

6.6.2 Occupied bandwidth

6.6.2.1 Definition and applicability

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 3/2 of the total mean transmitted power. See
also Recommendation ITU-R SM.328 [5].

The value of /2 shall be taken as 0.5%.

The minimum requirement below may be applied regionally. There may also be regional requirements to declare the
occupied bandwidth according to the definition in the present clause.

For SAN type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating
band.
6.6.2.2 Minimum requirements

The minimum requirement for SAN type 1-H isdefined in TS 38.108 [2] clause 6.6.2.

6.6.2.3 Test purpose

The test purpose isto verify that the emission at the TAB connector does not occupy an excessive bandwidth for the
service to be provided and is, therefore, not likely to create interference to other users of the spectrum beyond undue
limits.

6.6.2.4 Method of test

6.6.2.4.1 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.
1) Connect the measurement device to the TAB connector as shown in annex D.1.1 for SAN type 1-H.

2) For a SAN declared to be capable of single carrier operation (D.39), start transmission according to the
applicable test configuration in clause 4.8 using the corresponding test model NR-SAN-FR1-TM1.1 at
manufacturer's declared rated carrier output power per TAB connector (Praedc,tasc, D.34).

- For aSAN declared to be capable of NB-1oT operation in NTN NR in-band (D.60), test shall be performed using
NR-N-TM according to clause 4.9.2.2.7.
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6.6.2.4.2 Procedure
1) Measure the spectrum emission of the transmitted signal using at least the number of measurement points, and

across aspan, aslisted in table 6.6.2.4.2-1. The selected resolution bandwidth (RBW) filter of the analyser shall
be 30 kHz or less.

Table 6.6.2.4.2-1: Span and number of measurement points for OBW measurements

Bandwidth SAN channel bandwidth
BWochannel (MHZ)

5 10 15 20

Span (MHz) 10 20 30 40

Minimum number of measurement points | 400 | 400 | 400 | 400

NOTE: The detection mode of the spectrum analyzer will not have any effect on the result if the statistical
properties of the out-of-OBW power are the same as those of the inside-OBW power. Both are expected
to have the Rayleigh distribution of the amplitude of Gaussian noise. In any case where the statistics are
not the same, though, the detection mode must be power responding. The analyser may be set to respond
to the average of the power (root-mean-square of the voltage) across the measurement cell.

2) Compute the total of the power, PO, (in power units, not decibel units) of al the measurement cellsin the
measurement span. Compute P1, the power outside the occupied bandwidth on each side. P1 is half of the total
power outside the bandwidth. P1 is half of (100 % - (occupied percentage)) of PO. For the occupied percentage
of 99 %, P1is0.005 times PO.

3) Determine the lowest frequency, 1, for which the sum of al power in the measurement cells from the beginning
of the span to f1 exceeds P1.

4) Determine the highest frequency, f2, for which the sum of al power in the measurement cells from f2 to the end
of the span exceeds P1.

5) Compute the occupied bandwidth asf2 - f1.

6.6.2.5 Test requirements

The occupied bandwidth for each carrier shall be less than the channel bandwidth as defined in TS 38.108 [2], table
5.3.5-1 for SAN type 1-H.

6.6.3  Adjacent Channel Leakage Power Ratio (ACLR)

6.6.3.1 Definition and applicability

Adjacent Channel Leakage power Ratio (ACLR) istheratio of the filtered mean power centred on the assigned channel
frequency to the filtered mean power centred on an adjacent channel frequency.

The requirements shall apply outside the Satellite Access Node RF Bandwidth or Radio Bandwidth whatever the type of
transmitter considered (e.g. single carrier or multi-carrier) and for al transmission modes foreseen by the manufacturer's
specification.

The requirements shall also apply if the SAN supports NB-10T operation in NTN NR in-band.
6.6.3.2 Minimum requirement

The minimum requirement applies per single-band connector supporting transmission in the operating band.

The minimum requirement for SAN type 1-H isdefined in TS 38.108 [ 2], clause 6.6.3.4.

6.6.3.3 Test purpose

To verify that the adjacent channel leakage power ratio requirement shall be met as specified by the minimum
requirement.
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6.6.3.4 Method of test

6.6.3.4.1 Initial conditions

Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
Satellite Access Node RF Bandwidth positionsto be tested for multi-carrier:

- Brrew, Mrrew and Tresw in single-band operation; see clause 4.9.1.

6.6.3.4.2 Procedure

For SAN type 1-H where there may be multiple TAB connectors, they may be tested one at atime or multiple TAB
connectors may be tested in parallel as shown in annex D.1.1 for SAN type 1-H. Whichever method is used the
procedure is repeated until all TAB connectors necessary to demonstrate conformance have been tested.

1) Connect the single-band connector or multi-band connector under test to measurement equipment as shown in
annex D.1.1 for SAN type 1-H. All connectors not under test shall be terminated.

The measurement device characteristics shall be:
- Measurement filter bandwidth: defined in clause 6.6.3.5.
- Detection mode: true RM S voltage or true average power.

2) For aconnectors declared to be capable of single carrier operation only (D.39), set the representative connectors
under test to transmit according to the applicable test configuration in clause 4.8 using the corresponding test
models NR-SAN-FR1-TM 1.1 in clause 4.9.2 at rated carrier output power Praedctasc for SAN type 1-H (D.34).

For a connector under test declared to be capable of multi-carrier operation set the connector under test to
transmit on all carriers configured using the applicable test configuration and corresponding power setting
specified in clauses 4.7 and 4.8 using the corresponding test models or set of physical channelsin clause 4.9.2.

For a SAN declared to be capable of NB-10T operation in NTN NR in-band (D.60), test shall be performed using
N-TM according to clause 4.9.2.2.7.

3) Measure ACLR for the frequency offsets both side of channel frequency as specified in table 6.6.3.5.2-1. In
multiple carrier case only offset frequencies below the lowest and above the highest carrier frequency used shall
be measured.

4) Repesat the test with the channel set-up according to NR-SAN-FR1-TM 1.2 in clause 4.9.2.
6.6.3.5 Test requirements

6.6.3.5.1 General requirements

The ACLR requirementsin clause 6.6.3.5.2 shall apply as described in clauses 6.6.3.5.3 or 6.6.3.5.4.

6.6.3.5.2 Limits

The ACLR is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the
transmitted signal (BWcanrig) centred on the assigned channel frequency and a filter centred on the adjacent channel
frequency according to the tables below.

The ACLR shall be higher than the value specified in Table 6.6.3.5.2-1/2.
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Table 6.6.3.5.2-1: SAN ACLR limit for GEO class

SAN channel SAN adjacent channel Assumed adjacent | Filter on the adjacent ACLR
bandwidth of centre frequency channel carrier channel frequency limit
lowest/highest carrier offset below the (informative) and corresponding
transmitted BWchannel lowest or above the filter bandwidth
(MHz) highest carrier centre
frequency transmitted
5, 10, 15, 20 BW channel NR of same BW Square (BW config) 13.2
(NOTE 2) (NOTE 1)
2 X BWchannel NR of same BW Square (BW config) 13.2
(NOTE 2) (NOTE 1)
NOTE 1: BWchannel and BWconiig are the SAN channel bandwidth and transmission bandwidth configuration of the
lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW config).

Table 6.6.3.5.2-2: SAN ACLR limit for LEO class

SAN channel SAN adjacent channel Assumed adjacent | Filter on the adjacent ACLR
bandwidth of centre frequency channel carrier channel frequency limit
lowest/highest carrier offset below the (informative) and corresponding
transmitted BWchannel lowest or above the filter bandwidth
(MHz) highest carrier centre
frequency transmitted
5, 10, 15, 20 BW channel NR of same BW Square (BW config) 23.2
(NOTE 2) (NOTE 1)
2 X BWchannel NR of same BW Square (BW config) 23.2
(NOTE 2) (NOTE 1)
NOTE 1: BWochannel and BWconfig are the SAN channel bandwidth and transmission bandwidth configuration of the
lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW config).

6.6.4 Out-of-band emissions

6.6.4.1

Unless otherwise stated, the out-of-band emission (OOBE) limits for SAN in FR1 are defined from BWsan channel
edge up to frequencies separated from the BWsan channel edge by 200% of the necessary bandwidth, where the
necessary bandwidth is BWsan.

Definition and applicability

The reguirements shall apply whatever the type of transmitter considered and for all transmission modes foreseen by the
manufacturer’ s specification.

Basic limits are specified in the tables below, where:

- Af isthe separation between the BWsan channel edge frequency and the nominal -3dB point of the measuring
filter closest to the carrier frequency.

- f_offset isthe separation between the channel edge frequency and the centre of the measuring filter.
- Agat class[dB] isthe SAN class parameter in dB identified to characterize different SAN classes.

The requirements shall also apply if the SAN supports NB-10T operationin NTN NR in-band.

6.6.4.2 Minimum requirement
The minimum requirement applies per single-band connector supporting transmission in the operating band.

The minimum requirement for SAN type 1-H isdefined in TS 38.108 [ 2], clause 6.6.4.2.
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6.6.4.3 Test purpose
This test measures the emissions close to the assigned channel bandwidth of the wanted signal, while the transmitter is
in operation.

6.6.4.4 Method of test

6.6.4.4.1 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.

SAN RF Bandwidth positions to be tested for multi-carrier: Breasw, Mresw and Tresw in single-band operation; see
clause 4.9.1.

6.6.4.4.2 Procedure

For SAN type 1-H where there may be multiple TAB connectors, they may be tested one at atime or multiple TAB
connectors may be tested in parallel as shown in annex D.1.1. Whichever method is used the procedure is repeated until
all TAB connectors necessary to demonstrate conformance have been tested.

1) Connect the single-band connector under test to measurement equipment as shown in annex D.1.1. All
connectors not under test shall be terminated.

Asageneral rule, the resolution bandwidth of the measuring equipment should be equal to the measurement
bandwidth. However, to improve measurement accuracy, sensitivity, efficiency and avoiding e.g. carrier leakage,
the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is
smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in
order to obtain the equivalent noise bandwidth of the measurement bandwidth.

The measurement device characteristics shall be: Detection mode:; True RMS.

The emission power should be averaged over an appropriate time duration to ensure the measurement is within
the measurement uncertainty in table 4.1.2.2-1.

2) For aconnectors declared to be capable of single carrier operation only, set the representative connectors under
test to transmit according to the applicable test configuration in clause 4.8 at manufacturer's declared rated
carrier output power per TAB connector (Praedc,tasc, D.34). Channel set-up shall be according to NR-SAN-FR1-
™ 1.1.

For a connector under test declared to be capable of multi-carrier operation set the connector under test to
transmit on al carriers configured using the applicable test configuration and corresponding power setting
specified in clauses 4.7 and 4.8 using the corresponding test models or set of physical channelsin clause 4.9.2.

For a SAN declared to be capable of NB-10T operation in NTN NR in-band (D.60), test shall be performed using
NR-N-TM according to clause 4.9.2.2.7.

3) Step the centre frequency of the measurement filter in contiguous steps and measure the emission within the
specified frequency ranges with the specified measurement bandwidth.

4) Repeat the test for the remaining test cases, with the channel set-up according to NR-SAN-FR1-TM 1.2.

6.6.4.5 Test requirements

For SAN operating in bands defined in TS 38.108 [2] clause 5.2, the out-of-band emissions (OOBE) requirements for
GEO and LEO classes are defined as described in table 6.6.4.5-1, in line with Annex 5 of ITU recommendation
SM.1541-6 [6].
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Frequency Frequency offset Basic limits Measurement
offset of of measurement (dBm) bandwidth
measurement filter centre
filter -3dB frequency,
point, Af f_offset
0.002 MHz <
0 MHZ < Af < 2)( f Offset < 2X max(SE limit, Prateq,t,sys — 10log10(BWsay) - 24 - Asat_class[dB] — 40 4 kH
BWsan BWsan + 0.002 X log10 (MXZH» dBm g
MHZ BWSAN

NOTE 1: BWsan s in the unit of MHz.

NOTE 2: SE limit is spurious emission limit specified in spurious emission clause 6.6.5.

NOTE 3: PSD attenuation as in ITU-R SM.1541-6 [6], Annex 5 OoB domain emission limits for space services.
NOTE 4: Agu: c1ass[dB1=0 dB for GEO class and Ag,; ¢145:[dB]1=3 dB for LEO class.

6.6.5 Transmitter spurious emissions

6.6.5.1

The transmitter spurious emission limits shall apply from 30 MHz to 11 GHz, excluding the SAN transponder
bandwidth BWsan and the frequency range where the out-of-band emissions apply.

Definition and applicability

The lower limit and upper limit are as per ITU-R recommendation SM.329 [4], Table 1: For systems operating within
600 MHz and 5.2 GHz, the lower limit is 30 MHz and the upper limit is the 5" harmonic of the higher frequency.

The lower limit of 30 MHz can be replaced as per ITU-R SM.329 [4]: Systems having an integral antenna incorporating
a waveguide section, or with an antenna connection in such form, and of unperturbed length equal to at least twice the
cut-off wavelength, do not require spurious domain emission measurements below 0.7 times the waveguide cut-off
frequency.

The requirements shall apply whatever the type of transmitter considered (e.g. single carrier or multi-carrier). It applies
for all transmission modes foreseen by the manufacturer's specification.

The requirements shall apply to SAN that support NR or NR with NB-IoT operation in NR in-band.

Unless otherwise stated, all requirements are measured as mean power (RMS).

6.6.5.2 Minimum requirement
The minimum requirement applies per single-band connector supporting transmission in the operating band.

The minimum requirement for SAN type 1-H is defined in Table 6.6.5.5.1.1-1.

6.6.5.3 Test purpose

This test measures conducted spurious emissions while the transmitter isin operation.

6.6.5.4 Method of test

6.6.5.4.1 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier:

- B when testing the spurious emissions below the lower frequency edge of the SAN transponder bandwidth minus
2 times BWsan,

- T when testing the spurious emissions above the upper frequency edge of the SAN transponder bandwidth plus 2
times BWsan; see clause 4.9.1.
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SAN RF Bandwidth positions to be tested for multi-carrier:

- Brrsw When testing the spurious frequencies below the lower frequency edge of the SAN transponder bandwidth
minus 2 times BWsan ; Trraw When testing the spurious frequencies above the upper frequency edge of the SAN
transponder bandwidth plus 2 times BWsan in single-band operation; see clause 4.9.1.

6.6.5.4.2 Procedure

For SAN type 1-H where there may be multiple TAB connectors, they may be tested one at atime or multiple TAB
connectors may be tested in parallel as shown in annex D.1.1. Whichever method is used the procedure is repeated until
all TAB connectors necessary to demonstrate conformance have been tested.

1) Connect the single-band connector under test to measurement equipment as shown in annex D.1.1 for SAN type
1-H. All connectors not under test shall be terminated with a matched load.

2) Measurements shall use a measurement bandwidth in accordance to the conditionsin clause 6.6.5.5.
The measurement device characteristics shall be:
- Detection mode: True RMS.

The emission power should be averaged over an appropriate time duration to ensure the measurement is within
the measurement uncertainty in Table 4.1.2.2-1.

3) For aconnectors declared to be capable of single carrier operation only (D.39), set the representative connectors
under test to transmit according to the applicable test configuration in clause 4.8 at rated carrier output power
(Praed,cTABC, D.34). Channel set-up shall be according to NR-FR1-TM 1.1.

For a connector under test declared to be capable of multi-carrier operation (D.39) set the connector under test to
transmit on al carriers configured using the applicable test configuration and corresponding power setting
specified in clauses 4.7 and 4.8 using the corresponding test models or set of physical channelsin clause 4.9.2.

For a SAN declared to be capable of NB-10T operation in NTN NR in-band (D.60), test shall be performed using
NR-N-TM according to clause 4.9.2.2.7.

4) Measure the emission at the specified frequencies with specified measurement bandwidth.

6.6.5.5 Test requirements
6.6.5.5.1 Basic limits
6.6.5.5.1.1 Tx spurious emissions

The limits of Table 6.6.5.5.1.1-1 shall apply.

Table 6.6.5.5.1.1-1: General SAN transmitter spurious emission limits in FR1

Spurious frequency Prated t,sys Basic limit Measurement Notes
range (dBm) (dBm) bandwidth
(kHz)
30 MHz - 5t <47 -13
pper equency > 47 4 NOTE 1 NOTE 2,
edge of the DL Prated,t,sys — 60dB NOTE 3
operating band

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [4], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [4], s2.5 table 1.

NOTE 3: The lower frequency limit is replaced by 0.7 times the waveguide cut-off frequency, according to ITU-R SM.329
[4], for systems having an integral antenna incorporating a waveguide section, or with an antenna connection in
such form, and of unperturbed length equal to at least twice the cut-off.
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6.7 Transmitter intermodulation

The requirement is not applicable in this version of the specification.

7 Conducted receiver characteristics

7.1 General

Conducted receiver characteristics are specified at the TAB connector for SAN type 1-H, with full complement of
transceivers for the configuration in normal operating condition.

Unless otherwise stated, the following arrangements apply for conducted receiver characteristics requirementsin
clause 7:

- Requirements shall be met for any transmitter setting.
- Therequirements shall be met with the transmitter unit(s) ON.
- Throughput requirements do not assume HARQ retransmissions.

- When SAN is configured to receive multiple carriers, al the throughput requirements are applicable for each
received carrier.

- For ACS and blocking characteristics, the negative offsets of the interfering signal apply relative to the lower
SAN RF Bandwidth edge, and the positive offsets of the interfering signal apply relative to the upper SAN RF
Bandwidth edge.

- Requirements shall also apply for SAN supporting NB-10T operation in NTN NR in-band. The corresponding
NB-loT requirements are specified in clause 7 of TS 36.181 [23].

NOTE: Innormal operating condition the SAN is configured to transmit and receive at the same time.

For SAN type 1-H if anumber of TAB connectors have been declared equivalent (D.37), only arepresentative one is
necessary to demonstrate conformance.

7.2 Reference sensitivity level

7.2.1 Definition and applicability

The reference sensitivity power level Prersens iS the minimum mean power received at the TAB connector for SAN type
1-H at which athroughput requirement shall be met for a specified reference measurement channel.

71.2.2 Minimum requirement

The minimum requirement for SAN type 1-H isin TS 38.108 [2], clause 7.2.2.

7.2.3 Test purpose

To verify that for the SAN type 1-H receiver at the reference sensitivity level the throughput requirement shall be met
for a specified reference measurement channel.

7.2.4 Method of test

7241 Initial conditions

Test environment:
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Normal; see annex B.2.

RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.

7.2.4.2 Procedure

The minimum requirement is applied to all connectors under test.

For SAN type 1-H the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been
tested; see clause 7.1.

1) Connect the connector under test to measurement equipment as shown in annex D.2.1 for SAN type 1-H.

2) Set the SAN to transmit asignal using the applicable test configuration and corresponding power setting

specified in clauses 4.7 and 4.8 using the corresponding test models or set of physical channelsin clause 4.9.2,
for SAN type 1-H set the TAB connector to the manufacturers declared rated carrier output power (Praed.ctasc,

D.34).

3) Start the signa generator for the wanted signal to transmit the Fixed Reference Channels for reference sensitivity
according to annex A.1.

4) Set the signal generator for the wanted signal power as specified in clause 7.2.5.

5) Measure the throughput according to annex A.1, aswell asannex A.14 of TS 36.181 [23] for a SAN declared to
be capable of NB-10T operationin NTN NR in-band (D.60).

7.2.5

Test requirements

The throughput shall be = 95% of the maximum throughput of the reference measurement channel as specified in
annex A.1 with parameters specified in table 7.2.5-1 and 7.2.5-2 for SAN type 1-H in all operating band in FR1-NTN.

The reference sensitivity level requirements for NB-10T are specified in clause 7.2.5 of TS 36.181 [23].

Table 7.2.5-1: SAN GEO class reference sensitivity levels

SAN channel Sub-carrier Reference measurement channel Reference sensitivity
bandwidth (MHz) spacing (kHz) power level, Prersens
(dBm)
5, 10, 15 15 G-FR1-NTN-A1-1 (Note 1) -98.6
G-FR1-NTN-A1-10 (Note 3) -98.6 (Note 2)
10, 15 30 G-FR1-NTN-A1-2 (Note 1) -98.7
10, 15 60 G-FR1-NTN-A1-3 (Note 1) -95.8
20 15 G-FR1-NTN-A1-4 (Note 1) -92.2
G-FR1-NTN-A1-11 (Note 4) -92.2 (Note 2)
20 30 G-FR1-NTN-A1-5 (Note 1) -92.5
20 60 G-FR1-NTN-A1-6 (Note 1) -92.6

NOTE 1:

NOTE 2:
NOTE 3:

NOTE 4:

Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for each consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the
reference measurement channel each, except for one instance that might overlap one other instance to
cover the full SAN channel bandwidth.

The requirements apply to SAN that supports NB-IoT operation in NTN NR in-band.

Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of G-FR1-NTN-A1-10 mapped to the 24 NR resource blocks adjacent to
the NB-loT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-1 mapped to
disjoint frequency ranges with a width of 25 resource blocks each.

Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of G-FR1-NTN-A1-11 mapped to the 105 NR resource blocks adjacent to
the NB-loT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-4 mapped to
disjoint frequency ranges with a width of 106 resource blocks each.

ETSI




3GPP TS 38.181 version 18.6.0 Release 18 79 ETSI TS 138 181 V18.6.0 (2025-07)

Table 7.2.5-2: SAN LEO class reference sensitivity levels

SAN channel Sub-carrier Reference measurement channel Reference sensitivity
bandwidth (MHz) spacing (kHz) power level, Prersens
(dBm)
5, 10, 15 15 G-FR1-NTN-A1-1 (Note 1) -101.7
G-FR1-NTN-A1-10 (Note 3) -101.7 (Note 2)
10, 15 30 G-FR1-NTN-A1-2 (Note 1) -101.8
10, 15 60 G-FR1-NTN-A1-3 (Note 1) -98.9
20 15 G-FR1-NTN-A1-4 (Note 1) -95.3
G-FR1-NTN-A1-11 (Note 4) -95.3 (Note 2)
20 30 G-FR1-NTN-A1-5 (Note 1) -95.6
20 60 G-FR1-NTN-A1-6 (Note 1) -95.7

NOTE 1: Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for each consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the
reference measurement channel each, except for one instance that might overlap one other instance to
cover the full SAN channel bandwidth.

NOTE 2: The requirements apply to SAN that supports NB-IoT operation in NTN NR in-band.

NOTE 3: Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of G-FR1-A1-10 mapped to the 24 NR resource blocks adjacent to the
NB-1oT PRB, and for each consecutive application of a single instance of G-FR1-A1-1 mapped to disjoint
frequency ranges with a width of 25 resource blocks each.

NOTE 4: Prersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of G-FR1-A1-11 mapped to the 105 NR resource blocks adjacent to the
NB-1oT PRB, and for each consecutive application of a single instance of G-FR1-A1-4 mapped to disjoint
frequency ranges with a width of 106 resource blocks each.

7.3 Dynamic range

7.3.1 Definition and applicability

The dynamic range is specified as a measure of the capability of the receiver to receive awanted signal in the presence
of an interfering signal at the TAB connector for SAN type 1-H inside the received SAN channel bandwidth. In this
condition, a throughput requirement shall be met for a specified reference measurement channel. The interfering signal
for the dynamic range requirement isan AWGN signal.

7.3.2 Minimum requirement

The minimum requirement for SAN type 1-H isin TS 38.108 [2], clause 7.3.2.

7.3.3 Test purpose

To verify that the each SAN type 1-H TAB connector receiver dynamic range, the relative throughput shall fulfil the
specified limit.

7.3.4 Method of test

7.3.4.1 Initial conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.

7.34.2 Procedure

The minimum requirement is applied to al connectors under test.
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For SAN type 1-H the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been
tested; see clause 7.1.

1) Connect the connector under test to measurement equipment as shown in annex D.2.2 for SAN type 1-H.

2) Setthesignal generator for the wanted signal to transmit as specified in table 7.3.5-1 according to the
appropriate SAN class as well astable 7.3.5-1afor a SAN declared to be capable of NB-10T operation in NTN
in-band (D.60).

3) Set the Signal generator for the AWGN interfering signal at the same frequency as the wanted signal to transmit
as specified in table 7.3.5-1 according to the appropriate SAN class as well astable 7.3.5-1afor a SAN declared
to be capable of NB-10T operationin NTN NR in-band (D.60).

4) Measure the throughput according to annex A.2 as well as annex A.15 of TS 36.181 [23] for a SAN declared to
be capable of NB-l1oT operationin NTN NR in-band (D.60).
7.3.5  Test requirements

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in annex
A.2 with parameters specified in table 7.3.5-1 for SAN LEO class.

For NB-IoT operationin NTN NR in-band, the throughput shall be > 95% of the maximum throughput of the reference
measurement channel as specified in Annex A of TS 36.181 [23] with parameters specified in table 7.3.5-1afor SAN
LEO class.

Table 7.3.5-1: SAN LEO class dynamic range

SAN channel Subcarrier Reference Wanted Interfering signal Type of
bandwidth (MHz) spacing (kHz) measurement sighal mean mean power interfering
channel power (dBm) (dBm) / BWconfig signal
15 G-FR1-NTN-A2-1 -76.1
5 30 G-FR1-NTN-A2-2 -76.8 88.2 AWGN
15 G-FR1-NTN-A2-1 -76.1
10 30 G-FR1-NTN-A2-2 -76.8 -85.0 AWGN
60 G-FR1-NTN-A2-3 -73.8
15 G-FR1-NTN-A2-1 -76.1
15 30 G-FR1-NTN-A2-2 -76.8 -83.2 AWGN
60 G-FR1-NTN-A2-3 -73.8
15 G-FR1-NTN-A2-4 -69.9
20 30 G-FR1-NTN-A2-5 -69.9 -81.9 AWGN
60 G-FR1-NTN-A2-6 -70.2
NOTE: The wanted signal mean power is the power level of a single instance of the corresponding reference
measurement channel. This requirement shall be met for each consecutive application of a single instance
of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to
the number of resource blocks of the reference measurement channel each, except for one instance that
might overlap one other instance to cover the full SAN channel bandwidth.

Table 7.3.5-1a: SAN LEO class dynamic range for NB-loT operation in NTN NR in-band

Reference Wanted Interfering Type of
SAN channel | measurement | signal mean signal mean interfering
bandwidth channel power (dBm) | power (dBm)/ signal
(M HZ) BWConfig
5 FRC A15-1in -88.2
10 Annex A.15in -89.1 -85.0 AWGN
15 TS 36.181 [23] -83.2
20 -81.9
5 FRC A15-2in -82.5
10 Annex A.15in -95.0 -79.3 AWGN
15 TS 36.181 [23] 775
20 -76.2
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7.4 In-band sensitivity and blocking

7.4.1  Adjacent Channel Selectivity (ACS)

74.1.1 Definition and applicability

Adjacent channel selectivity (ACS) is a measure of the receiver's ability to receive awanted signal at its assigned
channel frequency at TAB connector for SAN type 1-H in the presence of an adjacent channel signal with a specified
centre frequency offset of the interfering signal to the band edge of avictim system.

7.4.1.2 Minimum requirement

The minimum requirement for SAN type 1-H isin TS 38.108 [2], clause 7.4.1.2.

7.4.1.3 Test purpose

The test purpose isto verify the ability of the SAN receiver filter to suppress interfering signals in the channel s adjacent
to the wanted channel.

74.1.4 Method of test

74141 Initial conditions

Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier (SC): M; see clause 4.9.1.
SAN RF Bandwidth positions to be tested for multi-carrier (MC):

- Mgrew for single-band connector(s), see clause 4.9.1,

7.4.1.4.2 Procedure
The minimum requirement is applied to all connectors under test.

For SAN type 1-H the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been
tested; see clause 7.1.

1) Connect the connector under test to measurement equipment as shown in annex D.2.3 for SAN type 1-H.
2) For FDD operation, set the SAN to transmit:

- For single carrier operation set the connector under test to transmit at manufacturers declared rated carrier
output power (Praed,c.tasc, D.34).

- For aconnector under test declared to be capable of multi-carrier operation (D.39) set the connector under
test to transmit on all carriers configured using the applicable test configuration and corresponding power
setting specified in clauses 4.7 and 4.8 using the corresponding test models or set of physical channelsin
clause 4.9.2

3) Set the signal generator for the wanted signal to transmit as specified in table 7.4.1.5-1.

4) Set the signal generator for the interfering signal to transmit at the frequency offset and as specified in table
7.4.15-1and 7.4.1.5-2.

5) Measure the throughput according to annex A.2, aswell asannex A.14 of TS 36.181 [23] for a SAN declared to
be capable of NB-l1oT operationin NTN NR in-band (D.60).

7.4.15 Test requirements

The throughput shall be > 95% of the maximum throughput of the reference measurement channel.
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For SAN, the wanted and the interfering signal coupled to the SAN type 1-H TAB connector are specified in table
7.4.1.5-1 and the frequency offset between the wanted and interfering signal in table 7.4.1.5-2 for ACS. The
characteristics of the interfering signal is further specified in annex E.

For SAN supporting NB-10T operation in NTN NR in-band, the wanted and the interfering signal coupled to the SAN
type 1-H antenna connector are specified in table 7.4.1.5-1 and the frequency offset between the wanted and interfering
signa intable 7.4.1.5-2 for ACS. The reference measurement channel for the NB-10oT wanted signal isidentified in
clause 7.2.5 of TS 36.181 [23]. The characteristics of the interfering signal is further specified in annex E.

The ACS requirement is applicable outside the SAN RF Bandwidth or Radio Bandwidth. The interfering signal offset is
defined relative to the SAN RF Bandwidth edges or Radio Bandwidth edges.

Conducted requirement is defined at the TAB connector for SAN type 1-H.

Table 7.4.1.5-1: Satellite Access Node ACS requirement

SAN channel Wanted signal Interfering signal mean power
bandwidth of the mean power (dBm)
lowest/highest carrier (dBm)
received (MHz)
5, 10, 15, 20 Prersens + 6 dB GEO SAN class: -57
(NOTE 1) (NOTE 2) LEO SAN class: -60

NOTE 1: The SCS for the lowest/highest carrier received is the lowest SCS
supported by the SAN for that bandwidth.

NOTE 2: Prersens depends on the SAN channel bandwidth as specified in table
7.2.2-1 and 7.2.2-2 in TS 38.108 [2]. For NB-IoT, Prersens depends also on
the sub-carrier spacing as specified in tables 7.2.2-3 and 7.2.2-4 of TS
36.108 [22].

Table 7.4.1.5-2: Satellite Access Node ACS interferer frequency offset values

SAN channel Interfering signal center Type of interfering signal
bandwidth of the frequency offset from the
lowest/highest lower/upper SAN RF
carrier received Bandwidth edge (MHz)
(MHz)
5 +2.5025
10 +2.5075 5 MHz CP-OFDM NR signal
15 +2.5125 15 kHz SCS, 25 RBs
20 +2.5025

7.4.2 In-band blocking

The requirement is not applicable in this version of the specification.

7.5 Out-of-band blocking

7.5.1 Definition and applicability

The out-of-band blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned
channel at the TAB connector for SAN type 1-H in the presence of an unwanted interferer out of the operating band,
which isa CW signal for out-of-band blocking.

7.5.2 Minimum requirement

The minimum requirements for BStype 1-H are defined in TS 38.108 [2], clause 7.5.2.
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7.5.3 Test purpose

To verify that for each TAB connector receiver dynamic range, the relative throughput shall fulfil the specified limit.
7.5.4  Method of test

7541 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier (SC): M; see clause 4.9.1.

SAN RF bandwidth positions to be tested for multi-carrier (MC): Mrrew for single-band connector(s), see clause 4.9.1.

7.5.4.2 Procedure

The minimum requirement is applied to all TAB connectors under test. For SAN type 1-H the procedure is repeated until
all TAB connectors necessary to demonstrate conformance have been tested; see clause 7.1.

1) Connect the connector under test to measurement equipment as shown in annex D.2.3.

2) For FDD operation, set the SAN to transmit a signal according to clause 4.9.2, connector under test to transmit
on al carriers configured using the applicable test configuration and corresponding power setting specified in
clauses 4.7 and 4.8.

The transmitter may be turned OFF for the out-of-band blocker tests when the frequency of the blocker is such
that no IM2 or IM3 products fall inside the bandwidth of the wanted signal.

3) Set the signal generator for the wanted signal as defined in clause 7.5.5 to transmit as specified in table 7.5.5- 1.

4) Set the signal generator for the interfering signal to transmit at the frequency offset and as specified in table
7.5.5-1. The CW interfering signal shall be swept with a step size of 1 MHz over than range 1 MHz to (Fuc_jow-
Afoos) MHz and (FUL_high + Afoog) MHz to 12750 MHz.

5) Measure the throughput according to annex A.1 aswell asannex A.14 of TS 36.181 [23] for a SAN declared to
be capable of NB-10T operationin NTN NR in-band (D.60).
7.5.5  Test requirements

The throughput shall be> 95% of the maximum throughput of the reference measurement channel, with a wanted and
an interfering signal coupled to SAN type 1-H TAB connector using the parametersin table 7.5.5-1.

The reference measurement channel for the wanted signal isidentified in clause 7.2.2 for each SAN channel bandwidth
and further specified in annex A.1.

For NB-IoT operationin NTN NR in-band, the throughput shall be > 95% of the maximum throughput of the reference
measurement channel, with awanted and an interfering signal coupled to SAN type 1-H TAB connector using the
parametersin table 7.5.5.1-1. The reference measurement channel for the NB-1oT wanted signal isidentified in

clause 7.2.5 of TS 36.181 [23]. The characteristics of the interfering signal is further specified in annex E.

The out-of-band blocking requirement apply from 1 MHz to Fui jow - Afoos and from Fyp nigh + Afoos up to 12750 MHz,
including the downlink frequency range of the FDD operating band for SAN. The Afoog for SAN type 1-H is defined in
table 7.5.5-2.

Minimum conducted requirement is defined at the TAB connector for SAN type 1-H.
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Table 7.5.5-1: Out-of-band blocking requirement for NR

Wanted signal mean power (dBm) Interfering signal mean power (dBm) Type of interfering signal
PrerFsens + 6 dB -44 CW carrier
(NOTE 1)

NOTE 1: For SAN, Prersens depends on the SAN channel bandwidth. For NB-10T, Prersens depends also on the
sub- carrier spacing as specified in tables 7.2.1-5, 7.2.1-5a and 7.2.1-5c of TS 36.108 [21].

NOTE 2: For NB-IoT, up to 24 exceptions are allowed for spurious response frequencies in each wanted signal
frequency when measured using a 1MHz step size. For these exceptions the above throughput
requirement shall be met when the blocking signal is set to a level of -46 dBm for 3.75 kHz subcarrier
spacing. In addition, each group of exceptions shall not exceed three contiguous measurements using a
1MHz step size.

Table 7.5.5-2: Afoos Offset for NR operating bands

SAN type Operating band characteristics Afoos (MHZz)
SAN type 1-H Fut,high — Futlow < 100 MHz 20
7.6 Receiver spurious emission

The requirement is not applicable in this version of the specification. TAB connectors shall always support both TX and
RX.

7.7 Receiver intermodulation

The requirement is not applicable in this version of the specification.

7.8 In-channel selectivity

7.8.1 Definition and applicability

In-channel selectivity (ICS) is a measure of the receiver ability to receive awanted signal at its assigned resource block
locations at the TAB connector for SAN type 1-H in the presence of an interfering signal received at alarger power
spectral density. In this condition athroughput requirement shall be met for a specified reference measurement channel.
The interfering signal shall be an NR signal which istime aligned with the wanted signal.

7.8.2 Minimum requirement

The minimum requirements for SAN type 1-H arein TS 38.108 [2], clause 7.8.2.

7.8.3 Test purpose

The purpose of thistest isto verify the SAN receiver ability to suppress the 1Q leakage.

7.8.4 Method of test

7.8.4.1 Initial conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.

7.8.4.2 Procedure

The minimum requirement is applied to all connectors under test.
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For SAN type 1-H the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been
tested; see clause 7.1.

1) Set the signal generator for the wanted signal to transmit as specified from table 7.8.5-1 and 7.8.5-2 as well as
table 7.8.5-1aand 7.8.5-2afor a SAN declared to be capable of NB-10T operationin NTN NR in-band (D.60).

2) Setthesigna generator for the interfering signal to transmit at the frequency offset and as specified from table
7.8.5-1 and 7.8.5-2 aswell astable 7.8.5-2a and 7.8.5-2b for a SAN declared to be capable of NB-10T operation
in NTN NR in-band (D.60).

3) Measure the throughput according to annex A.1 aswell asannex A.14 of TS 36.181 [23] for a SAN declared to
be capable of NB-10T operationin NTN NR in-band (D.60).

7.8.5  Test requirements

For SAN type 1-H, the throughput shall be > 95% of the maximum throughput of the reference measurement channel as
specified in annex A.1 with parameters specified in table 7.8.5-1 for SAN GEO class, in table 7.8.5-2 for SAN LEO
class. The characteristics of the interfering signal is further specified in annex E.

For NB-loT operationin NTN NR in-band, the throughput shall be > 95% of the maximum throughput of the reference
measurement channel as specified in Annex A of TS 36.181 [23] with parameters specified in table 7.8.5-1afor SAN
LEO class, in table 7.8.5-2afor SAN LEO class.

Table 7.8.5-1: SAN GEO class ICS requirement

SAN channel Subcarrier Reference Wanted Interfering Type of interfering
bandwidth (MHz) spacing (kHz) | measurement signal signal mean signal
channel mean power (dBm)
power
(dBm)
DFT-s-OFDM NR
5 15 G-FRIITN -96.8 -92.0 signal, 15 kHz SCS,
10 RBs
DFT-s-OFDM NR
10,15,20 15 G-FRI-NTN- -94.9 -88.1 signal, 15 kHz SCS,
Al-1
25 RBs
DFT-s-OFDM NR
5 30 G-FRI-NTN- 975 -92.0 signal, 30 kHz SCS,
Al-8
5 RBs
DFT-s-OFDM NR
10,15,20 30 G-FRI-NTN- .95 -89.0 signal, 30 kHz SCS,
Al-2
10 RBs
DFT-s-OFDM NR
10,15,20 60 G-FRI-NTN- -94.4 -89.0 signal, 60 kHz SCS,
Al-9
5 RBs
NOTE:  Wanted and interfering signal are placed adjacently around F¢, where the Fc is defined for SAN channel
bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer
signal shall be centred in the SAN channel bandwidth of the wanted signal.
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Table 7.8.5-1a: Wide Area SAN GEO class ICS requirement for NB-IoT operation in NTN NR in-band

Reference Wanted Interfering Type of interfering signal
SAN channel measurement signal signal mean
bandwidth (MHz) channel mean power (dBm)/
power BWcontig
(dBm)
5 FRC A14-1 in Annex -120.5 -92.0 DFT-s-OFDM NR signal, 15 kHz SCS,
A.14 in TS 36.181 [23] 10 RBs
10, 15, 20 -88.1 DFT-s-OFDM NR signal, 15 kHz SCS,
25 RBs
5 FRC A14-2 in Annex 1265 -92.0 DFT-s-OFDM NR signal, 15 kHz SCS,
A.14in TS 36.181 [23] ’ 10 RBs
10, 15, 20 -88.1 DFT-s-OFDM NR signal, 15 kHz SCS,
25 RBs
NOTE: Interfering signal is placed in one side of the Fc, while the NB-loT PRB is placed on the other side. Both
interfering signal and NB-loT PRB are placed at the middle of the available PRB locations. The wanted NB-
10T tone is placed at the centre of this NB-loT PRB.
Table 7.8.5-2: SAN LEO class ICS requirement
SAN channel Subcarrier Reference Wanted Interfering Type of interfering
bandwidth (MHz) spacing (kHz) | measurement signal signal mean signal
channel mean power (dBm)
power
(dBm)
DFT-s-OFDM NR
5 15 G-FRIITN -99.9 83.1 signal, 15 kHz SCS,
10 RBs
DFT-s-OFDM NR
10,15,20 15 G-FRI-NTN- .08 -79.2 signal, 15 kHz SCS,
Al-1
25 RBs
DFT-s-OFDM NR
5 30 SabvNL -100.6 -83.1 signal, 30 kHz SCS,
-8
5 RBs
DFT-s-OFDM NR
10,15,20 30 G'Fii'z‘m' -08.1 -80.1 signal, 30 kHz SCS,
10 RBs
DFT-s-OFDM NR
10,15,20 60 G-FRI-NTN- 975 -80.1 signal, 60 kHz SCS,
AL-9 5 RBs

NOTE:

Wanted and interfering signal are placed adjacently around F¢, where the Fc is defined for SAN channel
bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer
signal shall be centred in the SAN channel bandwidth of the wanted signal.
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Table 7.8.5-2a: SAN LEO class ICS requirement for NB-loT operation in NTN NR in-band

SAN channel Reference Wanted Interfering Type of interfering
bandwidth measurement signal signal mean signal
(MHz) channel mean power (dBm)
power
(dBm)
FRC A14-1 in Annex DFT-s-OFDM NR
5 Al4in -123.6 -83.1 signal, 15 kHz SCS,
TS 36.181 [23] 10 RBs
DFT-s-OFDM NR
10,15,20 -79.2 signal, 15 kHz SCS,
25 RBs
FRC A14-2 in Annex DFT-s-OFDM NR
5 Al4in -129.6 -83.1 signal, 15 kHz SCS,
TS 36.181 [23] 10 RBs
DFT-s-OFDM NR
10,15,20 -79.2 signal, 15 kHz SCS,
25 RBs
NOTE: Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined
for SAN channel bandwidth of the wanted signal according to the table 5.4.2.2-1. The
aggregated wanted and interferer signal shall be centred in the SAN channel bandwidth
of the wanted signal.

8 Conducted performance characteristics
8.1 General
8.1.1 Scope and definitions

Conducted performance requirements specify the ability of the SAN type 1-H to correctly transmit and receive signalsin
various conditions and configurations. Conducted performance requirements are specified at the TAB connector(s) (for
SAN type 1-H).

Conducted performance requirements for the SAN are specified for the fixed reference channels defined in TS 38.108
[2] annex A and for the propagation conditions defined in Recommendation I TU-R P.618 (Propagation data and
prediction methods required for the design of Earth-space telecommunication systems).

Unless stated otherwise, performance requirements apply for asingle carrier only. Performance requirements for a SAN
supporting carrier aggregation are defined in terms of single carrier requirements.

For FDD operation the requirementsin clause 8 shall be met with the transmitter units associated with TAB connectors
(for SAN type 1-H) in the operating band turned ON.

NOTE: Innormal operating conditions, TAB connectors (for SAN type 1-H) in FDD operation are configured to

transmit and receive at the same time. The associated transmitter unit(s) may be OFF for some of the
tests.

The SNR used in this clause is specified based on asingle carrier and defined as:
SNR=S/N
Where:
S isthetotal signal power in the slot on asingle on asingle TAB connector (for SAN type 1-H).

N isthe noise density integrated in a bandwidth corresponding to the transmission bandwidth over the same
duration where signal energy exists on asingle TAB connector (for SAN type 1-H).
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8.1.2  Applicability rule

8.1.2.1 General

Unless otherwise stated, for a SAN supporting different numbers of TAB connectors (for SAN type 1-H) (see D.48in
table 4.6-1), the tests with low MIMO correlation level shall apply only for the highest number of supported connectors,
and the specific connectors used for testing are based on manufacturer declaration. If performance requirement is not
specified for the highest number of supported connectors, the tests shall be done by using performance requirement for
the closest number of connectors lower than this highest number of supported connectors.

8.1.2.2 Applicability of PUSCH performance requirements

8.1.2.2.1 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, PUSCH requirement tests shall apply only for each subcarrier spacing declared to be supported
(see D.7 intable 4.6-1).

8.1.2.2.2 Applicability of requirements for different channel bandwidths

For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply
only if the SAN supportsit (see D.7 in table 4.6-1).

Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest
supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth,
the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest
supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.

8.1.2.2.3 Applicability of requirements for different configurations

Unless otherwise stated, PUSCH requirement tests shall apply only for the mapping type declared to be supported (see
D.100 in table 4.6-1). If both mapping type A and type B are declared to be supported, the tests shall be done for either
type A or type B; the same chosen mapping type shall then be used for all tests.

8.1.2.2.4 Applicability of PUSCH repetition type A requirements

Unless otherwise stated, PUSCH repetition type A requirements shall apply only for a SAN declaring support of low
spectral efficiency MCS index table 3 and PUSCH repetition type A (see D.106 and D.107 in table 4.6-1).

8.1.2.3 Applicability of PUCCH performance requirements

8.1.2.3.1 Applicability of requirements for different formats

Unless otherwise stated, PUCCH reguirement tests shall apply only for each PUCCH format declared to be supported
(see D.101 intable 4.6-1).

8.1.2.3.2 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, PUCCH requirement tests shall apply only for each subcarrier spacing declared to be supported
(see D.7 intable 4.6-1).

8.1.2.3.3 Applicability of requirements for different channel bandwidths

For each subcarrier spacing declared to be supported by the SAN, the test requirements for a specific channel bandwidth
shall apply only if the SAN supportsit (see D.7 in table 4.6-1).

Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest
supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth,
the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest
supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.
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8.1.2.3.4 Applicability of requirements for different configurations

Unless otherwise stated, PUCCH format 3 requirement tests shall apply only for the additional DM-RS configuration
declared to be supported (see D.103 in table 4.6-1). If both options (without and with additional DM-RS) are declared to
be supported, the tests shall be done for either without or with additional DM-RS; the same chosen option shall then be
used for all tests.

Unless otherwise stated, PUCCH format 4 requirement tests shall apply only for the additional DM-RS configuration
declared to be supported (see D.104 in table 4.6-1). If both options (without and with additional DM-RS) are declared to
be supported, the tests shall be done for either without or with additional DM-RS; the same chosen option shall then be
used for all tests.

8.1.2.3.5 Applicability of requirements for multi-slot PUCCH

Unless otherwise stated, multi-slot PUCCH requirement tests shall apply only if the SAN supportsit (see D.105 in table
4.6-1).

8.1.2.4 Applicability of PRACH performance requirements

8.1.24.1 Applicability of requirements for different formats

Unless otherwise stated, PRACH reguirement tests shall apply only for each PRACH format declared to be supported
(see D.102 in table 4.6-1).

8.1.2.4.2 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, for each PRACH format with short sequence declared to be supported, for each FR, the tests
shall apply only for the smallest supported subcarrier spacing in the FR (see D.102 in table 4.6-1).

8.1.2.4.3 Applicability of requirements for different channel bandwidths

Unless otherwise stated, for the subcarrier spacing to be tested, the test requirements shall apply only for anyone
channel bandwidth declared to be supported (see D.7 intable 4.6-1).

8.1.2.5 Applicability of performance requirements for PUSCH with DM-RS bundling

8.1.25.1 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, PUSCH with DM-RS bundling requirement tests shall apply only for each subcarrier spacings
declared to be supported (see D.108 in table 4.6-1).

8.1.2.5.2 Applicability of requirements for different receiver antenna connectors

Unless otherwise stated, for a SAN supporting different numbers of TAB connectors (for SAN type 1-H) (see D.37 in
table 4.6-1), the PUSCH with DM-RS bundling performance tests with low MIMO correlation level shall apply only for
the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer
declaration.
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8.2 Performance requirements for PUSCH

8.2.1 Performance requirements for PUSCH with transform precoding
disabled

8.2.1.1 Definition and applicability

The performance requirement of PUSCH is determined by a minimum required throughput for agiven SNR. The
required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance
reguirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.2.1.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.2.1.

8.2.1.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a
given SNR.

8214 Method of test

8.2.1.4.1 Initial Conditions
Test environment:  Normal, see Annex B.2.

RF channels to be tested for single carrier:M; see clause 4.9.1.

8.2.14.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception via a combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.1.4.2-1.

Table 8.2.1.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)

15 kHz 5 -86.5 dBm / 4.5MHz

30 kHz 10 -83.6 dBm / 8.64MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A and the test parametersin table 8.2.1.4.2-2.
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Parameter Value
Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4
RV sequence 0,2,3,1
DM-RS DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position posl
Number of DM-RS CDM group(s) without data 2
Ratio of PUSCH EPRE to DM-RS EPRE -3dB
DM-RS port(s) {0}
DM-RS sequence generation Nip®=0, nscio =0
Time domain resource assignment | PUSCH mapping type A, B
Start symbol 0
Allocation length 14
Frequency domain resource RB assignment Full applicable test
assignment bandwidth
Frequency hopping Disabled
Code block group based PUSCH transmission Disabled

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

5) Adjust the equipment so that required SNR specified in table 8.2.1.5-1 to 8.2.1.5-4 is achieved at the SAN input.

6) For each of the reference channelsin table 8.2.1.5-1 to 8.2.1.5-4 applicable for the base station, measure the

throughpuit.

8.2.15

Test Requirement

The throughput measured according to clause 8.2.1.4.2 shall not be below the limits for the SNR levels specified in

table 8.2.1.5-1t0 8.2.1.5-4.

Table 8.2.1.5-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (annex A) al DM- (dB)
antennas | antenna correlation matrix throughput RS
s (annex G) position
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-1 posl 3.8
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-1 posl 2.2
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-1 posl -0.1
Low
Normal | NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-1 posl -0.6

Table 8.2.1.5-2: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (annex A) al DM- (dB)
antennas | antenna correlation matrix throughput RS
s (annex G) position
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-1 posl 3.9
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-1 posl 2.2
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-1 posl 0.0
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-1 posl -0.6
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Table 8.2.1.5-3: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz
channel bandwidth, 30 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (annex A) al DM- (dB)
antennas | antenna correlation matrix throughput RS
s (annex G) position
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-2 posl 35
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-2 posl 2.0
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-2 posl -0.4
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-2 posl -0.8

Table 8.2.1.5-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz
channel bandwidth, 30 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (annex A) al DM- (dB)
antennas | antenna correlation matrix throughput RS
s (annex G) position
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-2 posl 35
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-2 posl 1.9
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-2 posl -0.4
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-2 posl -0.8
8.2.2 Performance requirements for PUSCH with transform precoding
enabled
8.2.2.1 Definition and applicability

The performance requirement of PUSCH is determined by a minimum required throughput for agiven SNR. The

required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance

requirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.2.2.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.2.2.

The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a

8.2.2.3 Test Purpose
given SNR.

8.2.2.4 Method of test
8.2.2.4.1 Initial Conditions

Test environment: Normal, see Annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.
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1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception via a combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the SCS and channel bandwidth, defined in table 8.2.2.4.2-1.

Table 8.2.2.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz)

Channel bandwidth (MHz)

AWGN power level

15

5

-86.5 dBm / 4.5MHz

30

10

-83.6 dBm / 8.64MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A and the test parametersin table 8.2.2.4.2-2.

Table 8.2.2.4.2-2: Test parameters for testing PUSCH

Parameter Value
Transform precoding Enabled
HARQ Maximum number of HARQ transmissions 4
RV sequence 0,2,31
DM-RS DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position posl
Number of DM-RS CDM group(s) without 2
data
Ratio of PUSCH EPRE to DM-RS EPRE -3dB
DM-RS port(s) 0

DM-RS sequence generation

Nip®=0, group hopping and
sequence hopping are

disabled
Time domain resource assignment PUSCH mapping type A B
Start symbol 0
Allocation length 14

Frequency domain resource
assignment

RB assignment

15 kHz SCS: 25 PRBs in the
middle of the test bandwidth
30 kHz SCS: 24 PRBs in
the middle of the test

bandwidth
Frequency hopping Disabled
Code block group based PUSCH transmission Disabled

8.2.2.5

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

5) Adjust the equipment so that required SNR specified in table 8.2.2.5-1t0 8.2.2.5-4 is achieved at the SAN inpuit.

6) For each of the reference channelsin table 8.2.2.5-1 to 8.2.2.5-4 applicable for the base station, measure the

throughpuit.

Test Requirement

The throughput measured according to clause 8.2.2.4.2 shall not be below the limits for the SNR levels specified in
table 8.2.2.5-1t0 8.2.2.5-4.
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Table 8.2.2.5-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction FRC Addition | SNR
of TX of RX prefix conditions and of (annex A) al DM- (dB)
antennas | antenna correlation matrix maximum RS
s (annex G) throughpu position
t
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-3 posl 4.3
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-3 posl 2.2
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-3 posl 0.1
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-3 posl -0.6

Table 8.2.2.5-2: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (annex A) al DM- (dB)
antennas | antenna correlation matrix throughput RS
s (annex G) position
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-3 posl 4.3
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-3 posl 2.2
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-3 posl 0.1
Low
Normal | NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-3 posl -0.6

Table 8.2.2.5-3: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz
channel bandwidth, 30 kHz SCS in FR1-NTN

Number | Number | Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (annex A) al DM- (dB)
antennas | antenna correlation matrix throughput RS
s (annex G) position
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-4 posl 4.1
Low
Normal | NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-4 posl 1.9
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-4 posl -0.1
Low
Normal | NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-4 posl -0.8

Table 8.2.2.5-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz
channel bandwidth, 30 kHz SCS in FR1-NTN

Number | Number Cyclic Propagation Fraction FRC Addition | SNR
of TX of RX prefix conditions and of (annex A) al DM- (dB)
antennas | antenna correlation matrix maximum RS
s (annex G) throughpu position
t
1 1 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-4 posl 4.1
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-4 posl 1.9
2 Normal NTN-TDLA100-200 70% G-FR1-NTN-A3-4 posl -0.1
Low
Normal NTN-TDLC5-200 Low 70% G-FR1-NTN-A3-4 posl -0.8
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8.2.3 Performance requirements for UL timing adjustment

8.2.3.1 Definition and applicability

The performance requirement of UL timing adjustment is determined by a minimum required throughput measured for
the moving UE at given SNR. The performance regquirements assume HARQ retransmissions.

In the tests for UL timing adjustment, two signals are configured, one being transmitted by a moving UE and the other
being transmitted by a stationary UE. The transmission of SRS from UE is optional. FRC parametersin Table A.3-1 are
applied for both UEs. The received power for both UEs is the same. The resource blocks allocated for both UEs are
consecutive.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.2.3.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.2.3.

8.2.3.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput measured for the moving UE at given SNR under
moving propagation conditions.

8.2.34 Method of test

8.2.34.1 Initial Conditions
Test environment: Normal, see Annex B.2.

RF channelsto be tested: M; see clause 4.9.1.

8.2.3.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception via a combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to combination of SCS and channel bandwidth defined in table

8.2.3.4.2-1.
Table 8.2.3.4.2-1: AWGN power level at the SAN input
Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 5 -86.5 dBm / 4.5MHz
30 10 -83.6 dBm / 8.64MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If needed
for test purposes, the AWGN level can be reduced from the default by any
value in the range 0dB to 16dB. Changing the AWGN level does not impact the
validity of the test, as it reduces the effective base band SNR level.

3) The characterigtics of the wanted signals (transmitted by moving UE) shall be configured according to the
corresponding UL reference measurement channel defined in annex A and the test parametersin Table 8.2.3.4.2-
2.
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Table 8.2.3.4.2-2 Test parameters for testing UL timing adjustment

Parameter Value
Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4
RV sequence 0,2,3,1
DM-RS DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position Posl
Number of DM-RS CDM group(s) without data 2
Ratio of PUSCH EPRE to DM-RS EPRE -3dB
DM-RS port(s) {0}
DM-RS sequence generation Nin®=0, nscip =0 for moving
UE

Nin®=1, nscio =1 for
stationary UE

Time domain PUSCH mapping type A, B

resource Allocation length 14

assignment

Frequency domain | RB assignment 5 MHz CBW/15kHz SCS:

resource 12 RB for each UE

assignment 10MHz CBW/30kHz SCS:
12 RB for each UE

Starting PRB index Moving UE: O

Stationary UE: 12 for 5MHz
CBW/15kHz SCS,
12 for 10MHz CBW/30kHz

SCsS
Frequency hopping Disabled
SRS resource Slots in which sounding RS is transmitted For FDD: slot #1 in radio
allocation (Note2) frames
SRS resource allocation 15 kHz SCS:
Csrs =5, Bsrs =0, for 20 RB
30 kHz SCS:

Csrs =5, Bsrs =0, for 20 RB

NOTE 2: The transmission of SRS is optional. And the transmission comb and SRS periodic are
configured as Krc = 2, and Tsrs = 10 for 15 kHz SCS, Tsrs = 20 for 30 kHz SCS
respectively.

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.3.

5) Adjust the equipment so that required SNR specified in Table 8.2.3.5-1 to Table 8.2.3.5-2 is achieved at the SAN
input for normal mode.

6) For each of the reference channelsin Table 8.2.3.5-1 to Table 8.2.3.5-2 applicable for the base station, measure
the throughput for normal mode.
8.2.35 Test Requirement for Normal Mode

The throughput shall be > 70% of the maximum throughput of the reference measurement channel as specified in annex
A for the moving UE at the SNR given in table 8.2.3.5-1 for mapping type A and table 8.2.3.5-2 for mapping type B
respectively.
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Number Number Cyclic Channel SCS | Moving propagation FRC SNR
of TX of RX prefix Bandwidth | [kHZz] conditions and (Annex A) [dB]
antennas | antennas [MHZz] correlation matrix
(Annex G)
1 1 Normal 5 15 Scenario X G-FR1-NTN-A3- 4.7
5
10 30 Scenario X G-FR1-NTN-A3- 4.2
6
2 Normal 5 15 Scenario X G-FR1-NTN-A3- 0.3
5
10 30 Scenario X G-FR1-NTN-A3- 0.1
6
Table 8.2.3.5-2: Test requirements for UL timing adjustment with mapping type B
Number Number Cyclic Channel SCS | Moving propagation FRC SNR
of TX of RX prefix Bandwidth | [kHZz] conditions and (Annex A) [dB]
antennas | antennas [MHZz] correlation matrix
(Annex G)
1 1 Normal 5 15 Scenario X G-FR1-NTN-A3- 4.8
5
10 30 Scenario X G-FR1-NTN-A3- 4.2
6
2 Normal 5 15 Scenario X G-FR1-NTN-A3- 0.3
5
10 30 Scenario X G-FR1-NTN-A3- 0.2
6
8.2.4 Performance requirements for PUSCH repetition Type A
8.24.1 Definition and applicability

The performance requirement of PUSCH with slot aggregation factor configured is determined by a minimum required
throughput measured for a given SNR. The required throughput is expressed as a fraction of maximum throughput for
the FRCslisted in annex A. The performance requirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.2.4.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.2.4.

8.2.4.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput measured with PUSCH repetition Type A under
multipath fading propagation conditions for a given SNR.

8.24.4 Method of test

82441 Initial Conditions

Test environment:  Normal, see Annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.
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8.2.4.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.4.4.2-1.

Table 8.2.4.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz) | Channel bandwidth (MHz) AWGN power level
15 kHz 5 -86.5 dBm / 4.5MHz
30 kHz 10 -83.6 dBm / 8.64MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A and the test parametersin table 8.2.4.4.2-2.

Table 8.2.4.4.2-2: Test parameters for testing PUSCH repetition Type A

Parameter Value

Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4

RV sequence 0, 3, 0, 3 [Note 1]
DM-RS DM-RS configuration type 1

DM-RS duration single-symbol DM-RS

Additional DM-RS position posl

Number of DM-RS CDM group(s) without data 2

Ratio of PUSCH EPRE to DM-RS EPRE -3dB

DM-RS port 0

DM-RS sequence generation Nip®=0, nscip =0
Time domain PUSCH mapping type A B
resource Start symbol 0
assignment Allocation length 14

PUSCH aggregation factor n2
Frequency domain RB assignment Full applicable test
resource bandwidth
assignment Frequency hopping Disabled
Code block group based PUSCH transmission Disabled
Note 1:  The effective RV sequence is {0, 2, 3, 1} with slot aggregation.

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.2.

5) Adjust the equipment so that required SNR specified in table 8.2.4.5-1 to 8.2.4.5-4 is achieved at the SAN input.

6) For each of the reference channelsin table 8.2.4.5-1 to 8.2.4.5-4 applicable for the base station, measure the
throughpuit.

8.245 Test Requirement

The throughput measured according to clause 8.2.1.4.2 shall not be below the limits for the SNR levels specified in
table 8.2.4.5-1 t0 8.2.4.5-4.
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Table 8.2.4.5-1: Minimum requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS in

FR1-NTN
Number Number Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (Annex A) al DM- (dB)
antennas | antennas correlation matrix throughpu RS
(Annex G) t position
1 1 Normal | NTN-TDLA100-200 Low 70% G-FR1-NTN-A3A-1 posl -4.5
2 Normal | NTN-TDLA100-200 Low 70% G-FR1-NTN-A3A-1 posl -7.9

Table 8.2.4.5-2: Minimum requirements for PUSCH, Type B, 5 MHz channel bandwidth, 15 kHz SCS in

FR1-NTN

Number Number Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (Annex A) al DM- (dB)

antennas | antennas correlation matrix throughput RS

(Annex G) position
1 Normal NTN'TDLLO'tleO'ZOO 70% G-FRL-NTN-A3A-1 | POS1 | 45
1

2 Normal NTN'TDL"CQlOO'ZOO 70% G-FRL-NTN-A3A-1 | POt | 79

Table 8.2.4.5-3: Minimum requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS

in FR1-NTN
Number Number Cyclic Propagation conditions Fraction of FRC Additional SNR
of TX of RX prefix and correlation matrix maximum (Annex A) DM-RS (dB)
antennas | antennas (Annex G) throughput position
1 1 Normal NTN-TDLA100-200 Low 70% G-FR1-A3A-2 posl -4.5
2 Normal NTN-TDLA100-200 Low 70% G-FR1-A3A-2 posl -7.9

Table 8.2.4.5-4: Minimum requirements for PUSCH, Type B, 10 MHz channel bandwidth, 30 kHz SCS

in FR1-NTN
Number Number Cyclic Propagation Fraction of FRC Addition | SNR
of TX of RX prefix conditions and maximum (Annex A) al DM- (dB)
antennas | antennas correlation matrix throughput RS
(Annex G) position
1 Normal NTN'TDL"OA\LlOO'ZOO 70% G-FRLNTN-A3A2 | POt | -4
1
2 Normal NTN'TDLLOAwloo'ZOO 70% G-FRLNTN-A3A2 | POSL | -79
8.2.5 Performance requirements for PUSCH with DMRS bundling
8.25.1 Definition and applicability

The performance requirement of PUSCH with DM RS bundling is determined by a minimum required throughput for a
given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCslisted in annex A.
The performance requirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause [8.1.2.9].

8.2.5.2

Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause[8.2.5].
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8.2.5.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a
given SNR with DMRS bundling.

8.254 Method of test

8.25.4.1 Initial Conditions
Test environment:  Normal, see annex B.2.
RF channels to be tested for single carrier:M; see clause 4.9.1.

RF channels to be tested for carrier aggregation: Mew channe ca; See clause 4.9.1.

8.25.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the channel bandwidth, defined in table 8.2.5.4.2-1.

Table 8.2.5.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)

15kHz 5 -86.5 dBm / 4.5MHz

30kHz 10 -83.6 dBm / 8.64MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A and the test parametersin table 8.2.5.4.2-2.
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Table 8.2.5.4.2-2: Test parameters for testing PUSCH with DMRS bundling

Parameter Value

Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4

RV sequence (Note 1) 0,0,0,0
DM-RS DM-RS configuration type 1

DM-RS duration single-symbol DM-RS

Additional DM-RS position posl

Number of DM-RS CDM group(s) without 2

data

Ratio of PUSCH EPRE to DM-RS EPRE -3dB

DM-RS port(s) {0}

DM-RS sequence generation Nip®=0, nscip =0
Time domain resource assignment PUSCH mapping type A, B

Start symbol 0

Allocation length 14

PUSCH aggregation factor

n4 for 15kHz SCS
n8 for 30kHz SCS

pusch-TimeDomainWindowLength

4 for 15kHz SCS
8 for 30kHz SCS

Frequency domain resource
assignment

RB assignment

6

RBs in the middle of the
channel bandwidth

Frequency hopping

Disabled

Code block group based PUSCH transmission

Disabled

NOTE 1: The effective RV sequence is {0, 2, 3, 1} with slot aggregation.

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.2.

5) Adjust the equipment so that required SNR specified in table 8.2.5.5-1 to table 8.2.5.5-4 is achieved at the SAN

6) For each of the reference channelsin table 8.2.5.5-1 to table 8.2.5.5-4 applicable for the base station, measure the

input.
throughput.
8.255 Test Requirement

The throughput measured according to clause 8.2.5.4.2 shall not be below the limits for the SNR levels specified in

table 8.2.5.5-1 to table 8.2.5.5-4.

Table 8.2.5.5-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz
channel bandwidth, FR1-NTN, 15 kHz SCS

Number Number Cyclic Propagation Fraction of FRC Additional SNR
of TX of RX prefix conditions and maximum (annex G) DM-RS (dB)

antennas | antennas correlation matrix throughput position

(annex G)
NTN-TDLA100-200 o G-FR1-NTN-
. 1 Normal Low 70 % A3-7 posl -0.1
5 Normal NTN-TDLA100-200 70 % G-FR1-NTN- pos1 36
Low A3-7
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Table 8.2.5.5-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz
channel bandwidth, FR1-NTN, 30 kHz SCS

Number Number Cyclic Propagation Fraction of FRC Additional SNR
of TX of RX prefix conditions and maximum (annex G) DM-RS (dB)
antennas | antennas correlation matrix throughput position
(annex G)
1 Normal NTN-TDLA100-200 70 % G-FR1-NTN- pos1 29
1 Low A3-8
NTN-TDLA100-200 0 G-FR1-NTN-
2 Normal Low 70 % A3-8 posl -6.1

Table 8.2.5.5-3: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz
channel bandwidth, FR1-NTN, 15 kHz SCS

Number Number Cyclic Propagation Fraction of FRC Additional SNR
of TX of RX prefix conditions and maximum (annex G) DM-RS (dB)
antennas | antennas correlation matrix throughput position
(annex G)
1 Normal NTN-TDLA100-200 70 % G-FR1-NTN- pos1 00
1 Low A3-7
2 Normal NTN-TDLA100-200 70 % G-FR1-NTN- pos1 35
Low A3-7

Table 8.2.5.5-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz
channel bandwidth, FR1-NTN, 30 kHz SCS

Number Number Cyclic Propagation Fraction of FRC Additional SNR
of TX of RX prefix conditions and maximum (annex G) DM-RS (dB)
antennas | antennas correlation matrix throughput position
(annex G)
. 1 Normal NTN'TDL"O/:VlOO'ZOO 70 % G'Figgm' posl -2.8
2 Normal NTN'TDL"O/:VlOO'ZOO 70 % G'Figgm' posl -6.1
8.3 Performance requirements for PUCCH
8.3.1 Performance requirements for PUCCH format O
8.3.1.1 Definition and applicability

The performance requirement of single user PUCCH format O for ACK missed detection is determined by the two
parameters: probability of false detection of the ACK and the probability of detection of ACK. The performanceis
measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK
shall be 0.01 or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is

present.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.
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The test shall verify the receiver's ability to detect ACK under multipath fading propagation conditions for a given

8.3.1.3 Test purpose
SNR.

8.3.14 Method of test
8.3.1.4.1 Initial conditions

Test environment: Normal, see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.1.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception via a combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table

8.3.1.4.2-1.

Table 8.3.1.4.2-1: AWGN power level at the SAN input

Subcarrier spacing (kHz)

Channel bandwidth

AWGN power level

(MHz)
15 5 -83.5dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE:

band SNR level.

The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8] and the specific test
parameters are configured as mentioned in table 8.3.1.4.2-2:

Table 8.3.1.4.2-2: Test Parameters for PUCCH fromat O

Parameter Test
Number of UCI information bits 1
Number of PRBs 1
First PRB prior to frequency hopping 0
Intra-slot frequency hopping Enabled

First PRB after frequency hopping

The largest PRB index — (Number of PRBs — 1)

Group and sequence hopping neither
Hopping ID 0
Initial cyclic shift 0
First symbol 12
Number of OFDM symbols 2

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

5) Adjust the equipment so that the SNR specified in table 8.3.1.5-1 and table 8.3.1.5-2 is achieved at the SAN

input during the ACK transmissions.
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6) Thesignal generator sends atest pattern with the pattern outlined in figure 8.3.1.4.2-1. The following statistics
are kept: the number of ACK's detected in the idle periods and the number of missed ACKs.

ACK ACK ACK oo

Figure 8.3.1.4.2-1: Test signal pattern for single user PUCCH format 0 demodulation tests

8.3.1.5 Test Requirement

The fraction of falsely detected ACK s shall be less than 1% and the fraction of correctly detected ACKs shall be larger
than 99% for the SNR listed in table 8.3.1.5-1 and in table 8.3.1.5-2.

Table 8.3.1.5-1: Test requirements for PUCCH format 0, 5 MHz channel bandwidth, 15 kHz SCS

Number of TX Number of RX Propagation conditions and correlation SNR

antennas antennas matrix (dB)
(annex G)

1 1 NTN-TDLA100-200 Low 9.5

2 NTN-TDLA100-200 Low 3.9

Table 8.3.1.5-2: Test requirements for PUCCH format 0, 10 MHz channel bandwidth, 30 kHz SCS

Number of TX Number of RX Propagation conditions and correlation SNR

antennas antennas matrix (dB)
(annex G)

1 1 NTN-TDLA100-200 Low 11.7

2 NTN-TDLA100-200 Low 54

8.3.2 Performance requirements for PUCCH format 1
8.3.2.1 NACK to ACK detection

8.3.2.1.1 Definition and applicability

The performance requirement of PUCCH format 1 for NACK to ACK detection is determined by the two parameters:
probability of false detection of the ACK and the NACK to ACK detection probability. The performance is measured
by the required SNR at probability of the NACK to ACK detection equal to 0.1% or less. The probability of false
detection of the ACK shall be 0.01 or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
a particular bit position when input is only noise. Each false bit detection is counted as one error.

The NACK to ACK detection probability is the probability of detecting an ACK bit when an NACK bit was sent on
particular bit position. Each NACK hit erroneously detected as ACK bit is counted as one error. Erroneously detected
NACK hitsin the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when
DTX issent should not be considered.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.2.1.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.3.3.
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8.3.2.1.3 Test purpose

The test shall verify the receiver's ability not to falsely detect NACK bits as ACK bits under multipath fading
propagation conditions for a given SNR.

8.3.2.14 Method of test

8.3.2.14.1 Initial Conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.2.14.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table

8.3.2.1.4.2-1.
Table 8.3.2.1.4.2-1: AWGN power level at the SAN input
Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 kHz 5 -83.5dBm /4.5 MHz
30 kHz 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and the specific test
parameters are configured as mentioned in table 8.3.2.1.4.2-2:

Table 8.3.2.1.4.2-2: Test parameters for PUCCH fromat 1

Parameter Test

Number of information bits 2

Number of PRBs 1

Number of symbols 14

First PRB prior to frequency hopping 0
Intra-slot frequency hopping enabled

First PRB after frequency hopping The largest PRB index — (nrofPRBs — 1)

Group and sequence hopping neither

Hopping ID 0

Initial cyclic shift 0

First symbol 0

Index of orthogonal cover code (timeDomainOCC) 0

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjusting the equipment so that the SNR specified in table 8.3.2.1.5-1 and table 8.3.2.1.5-2 is achieved at the
SAN input during the transmissions.

6) The signal generator sends random codeword from applicable codebook, in regular time periods. The following
statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as
ACK.
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8.3.2.1.5 Test Requirement

The fraction of falsely detected ACK bhits shall be less than 1% and the fraction of NACK bits falsely detected as ACK
shall be less than 0.1% for the SNR listed in tables 8.3.2.1.5-1 and table 8.3.2.1.5-2.

Table 8.3.2.1.5-1: Test requirements for PUCCH format 1, 5 MHz channel bandwidth, 15 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR

antennas antennas Prefix correlation matrix (dB)
(annex G)

1 1 Normal NTN-TDLA100-200 Low 2.8

2 Normal NTN-TDLA100-200 Low -3.5

Table 8.3.2.1.5-2: Test requirements for PUCCH format 1, 10 MHz channel bandwidth, 30 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low 3.6
2 Normal NTN-TDLA100-200 Low -2.9
8.3.2.2 ACK missed detection
8.3.2.2.1 Definition and applicability

The performance requirement of PUCCH format 1 for ACK missed detection is determined by the two parameters:
probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the
required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or
less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is
present.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.2.2.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.3.3.

8.3.2.2.3 Test purpose

The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for agiven
SNR.

8.3.2.2.4 Method of test

8.3.2.24.1 Initial Conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.
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8.3.2.2.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table

8.3.2.2.4.2-1.
Table 8.3.2.2.4.2-1: AWGN power level at the SAN input
Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 kHz 5 -83.5dBm /4.5 MHz
30 kHz 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and the specific test
parameters are configured as mentioned in table 8.3.2.2.4.2-2:

Table 8.3.2.2.4.2-2: Test parameters for PUCCH fromat 1

Parameter Test

Number of information bits 2

Number of PRBs 1

Number of symbols 14

First PRB prior to frequency hopping 0
Intra-slot frequency hopping enabled

First PRB after frequency hopping The largest PRB index — (nrofPRBs — 1)

Group and sequence hopping neither

Hopping ID 0

Initial cyclic shift 0

First symbol 0

Index of orthogonal cover code (timeDomainOCC) 0

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjusting the equipment so that the SNR specified in table 8.3.2.2.5-1 and table 8.3.2.2.5-2 is achieved at the
SAN input during the transmissions.

6) The signal generator sends random codewords from applicable codebook, in regular time periods. The following
statistics are kept: the number of ACK bits falsely detected in the idle periods and the number of missed ACK
bits. Each falsely detected ACK bit in the idle periodsis accounted as one error for the statistics of false ACK
detection, and each missed ACK bit is accounted as one error for the statistics of missed ACK detection.

Note that the procedure described in this clause for ACK missed detection has the same condition as that described in
clause 8.3.2.1.4.2 for NACK to ACK detection. Both statistics are measured in the same testing.
8.3.2.25 Test Requirement

The fraction of falsely detected ACK hits shall be less than 1% and the fraction of correctly detected ACK bits shall be
larger than 99% for the SNR listed in tables 8.3.2.2.5-1 and table 8.3.2.2.5-2.
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Table 8.3.2.2.5-1: Test requirements for PUCCH format 1, 5 MHz channel bandwidth, 15 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR

antennas antennas Prefix correlation matrix (dB)
(annex G)

1 1 Normal NTN-TDLA100-200 Low 2.1

2 Normal NTN-TDLA100-200 Low -4.0

Table 8.3.2.2.5-2: Test requirements for PUCCH format 1, 10 MHz channel bandwidth, 30 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR

antennas antennas Prefix correlation matrix (dB)
(annex G)

1 1 Normal NTN-TDLA100-200 Low 3.7

2 Normal NTN-TDLA100-200 Low -2.8

8.3.3 Performance requirements for PUCCH format 2

8.33.1 ACK missed detection

8.3.3.1.1 Definition and applicability

The performance requirement of PUCCH format 2 for ACK missed detection is determined by the two parameters:
probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the
required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or
less.

The probability of false detection of the ACK is defined as a probability of erroneous detection of the ACK when input
isonly noise.

The probability of detection of ACK is defined as probability of detection of the ACK when the signal is present.
Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.3.1.2 Minimum requirements

The minimum requirements arein TS 38.108 [2] clause 8.3.4.

8.3.3.1.3 Test purpose

The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for agiven
SNR.

8.3.3.14 Method of test

8.3.3.14.1 Initial Condition
Test environment: Normal, see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.3.14.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception via a combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table
8.3.3.1.4.2-1.
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Table 8.3.3.1.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 5 -83.5dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and the specific test
parameters are configured as mentioned in table 8.3.3.1.4.2-2:

Table 8.3.3.1.4.2-2: Test parameters for PUCCH fromat 2

Parameter Value
Modulation order QSPK
First PRB prior to frequency hopping 0
Intra-slot frequency hopping N/A
Number of PRBs 4
Number of symbols 1
The number of UCI information bits 4
First symbol 13
DM-RS sequence generation Nip%=0

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjust the equipment so that the SNR specified in table 8.3.3.1.5-1 and table 8.3.3.1.5-2 is achieved at the SAN
input during the UCI transmissions.

6) The signal generator sends atest pattern with the pattern outlined in figure 8.3.3.1.4.2-1. The following statistics
are kept: the number of ACKs detected in the idle periods and the number of missed ACKs.

ACK ACK ACK oo

Figure 8.3.3.1.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests

8.3.3.1.5 Test requirements

The fraction of falsely detected ACK s shall be less than 1% and the fraction of correctly detected ACKs shall be larger
than 99% for the SNR listed in table 8.3.3.1.5-1 and table 8.3.3.1.5-2.

Table 8.3.3.1.5-1: Test requirements for PUCCH format 2, 5 MHz channel bandwidth, 15 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR

antennas antennas Prefix correlation matrix (dB)
(annex G)

1 1 Normal NTN-TDLA100-200 Low 15.2

2 Normal NTN-TDLA100-200 Low 5.3
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Table 8.3.3.1.5-2: Test requirements for PUCCH format 2, 10 MHz channel bandwidth, 30 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low 12.6
2 Normal NTN-TDLA100-200 Low 5.0
8.3.3.2 UCI BLER performance requirements
8.3.3.2.1 Definition and applicability

The performance is measured by the required SNR at UCI block error probability not exceeding 1%.

The UCI block error probability is defined as the probability of incorrectly decoding the UCI information when the UCI
information is sent. The UCI information does not contain CSl part 2.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3.1 is not taken into account for performance
requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.3.2.2 Minimum Requirement

The minimum requirement is TS 38.108 [2] clause 8.3.4.

8.3.3.2.3 Test purpose

The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
8.3.3.24 Method of test

8.3.3.24.1 Initial Condition
Test environment: Normal, see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.3.2.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table

8.3.3.2.4.2-1.
Table 8.3.3.2.4.2-1: AWGN power level at the SAN input
Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 5 -83.5 dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and the specific test
parameters are configured as mentioned in table 8.3.3.2.4.2-2:
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Table 8.3.3.2.4.2-2: Test parameters for PUCCH fromat 2

Parameter Value
Modulation order QSPK
First PRB prior to frequency hopping 0
Intra-slot frequency hopping enabled

Frist PRB after frequency hopping | The largest PRB index — (Number of PRBs — 1)

Number of PRBs 9

Number of symbols 2

The number of UCI information bits 22
First symbol 12

DM-RS sequence generation Nip®=0

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjust the equipment so that the SNR specified in table 8.3.3.2.5-1 and table 8.3.3.2.5-2 is achieved at the SAN
input during the UCI transmissions.

6) The signal generator sends atest pattern with the pattern outlined in figure 8.3.3.2.4.2-1. The following statistics
are kept: the number of incorrectly decoded UCI.

ucl ucl ucl

Figure 8.3.3.2.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests

8.3.3.2.5

The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 8.3.3.2.5-1 and table 8.3.3.2.5-
2.

Test requirements

Table 8.3.3.2.5-1: Test requirements for PUCCH format 2, 5 MHz channel bandwidth, 15 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR

antennas antennas Prefix correlation matrix (dB)
(annex G)

1 1 Normal NTN-TDLA100-200 Low 6.9

2 Normal NTN-TDLA100-200 Low 14

Table 8.3.3.2.5-2: Test requirements for PUCCH format 2, 10 MHz channel bandwidth, 30 kHz SCS

Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low 7.0
2 Normal NTN-TDLA100-200 Low 1.1
8.3.4 Performance requirements for PUCCH format 3

8.34.1
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.

Definition and applicability

The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information
when the UCI information is sent. The UCI information does not contain CSl part 2.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
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Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.4.2

Minimum requirement

The minimum requirement isin TS 38.108 [2] clause 8.3.5.

8.3.4.3

Test purpose

The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.

8.34.4

8.3.4.4.1

Method of test

Initial conditions

Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.4.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table

8.3.4.4.2-1.

Table 8.3.4.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz)

Channel bandwidth

AWGN power level

(MHz)
15 5 -83.5 dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE:

band SNR level.

The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8]. The specific test
parameters are configured as mentioned in table 8.3.4.4.2-2:

Table 8.3.4.4.2-2: Test parameters for PUCCH format 3

Parameter Value
Modulation order QPSK
First PRB prior to frequency hopping 0
Intra-slot frequency hopping enabled

First PRB after frequency hopping

The largest PRB index — (Number of PRBs — 1)

Group and sequence hopping neither
Hopping ID 0
Number of PRBs 1
Number of symbols 14
The number of UCI information bits 16
First symbol 0

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

5) Adjust the equipment so that the SNR specified in table 8.3.4.5-1 and table 8.3.4.5-2 is achieved at the SAN

input during the UCI transmissions.
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6) Thesignal generator sends atest pattern with the pattern outlined in figure 8.3.4.4.2-1. The following statistics
are kept: the number of incorrectly decoded UCI.

ucl ucl ucl o000
Figure 8.3.4.4.2-1: Test signal pattern for PUCCH format 3 demodulation tests

8.3.4.5 Test requirement
The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 8.3.4.5-1 and table 8.3.4.5-2.

Table 8.3.4.5-1: Test requirements for PUCCH format 3, 5 MHz channel bandwidth, 15 kHz SCS

Number of Number of RX Cyclic Propagation conditions and Additional DM-RS SNR

X antennas Prefix correlation matrix (Annex G) configuration (dB)
antennas

1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 7.2

Additional DM-RS 7.0

2 Normal NTN-TDLA100-200 Low No additional DM-RS 0.9

Additional DM-RS 0.6

Table 8.3.4.5-2: Test requirements for PUCCH format 3, 10 MHz channel bandwidth, 30 kHz SCS

Number of Number of RX Cyclic Propagation conditions and Additional DM-RS SNR

X antennas Prefix correlation matrix (Annex G) configuration (dB)
antennas

1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 9.8

Additional DM-RS 9.2

2 Normal NTN-TDLA100-200 Low No additional DM-RS 2.2

Additional DM-RS 1.9

8.3.5 Performance requirements for PUCCH format 4

8.35.1 Definition and applicability
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.

The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information
when the UCI information is sent. The UCI information does not contain CSI part 2.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.5.2 Minimum requirement

The minimum requirement isin TS 38.108 [2] clause 8.3.6.

8.3.5.3 Test purpose

The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
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8.354 Method of test

8.3.54.1 Initial conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.5.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the subcarrier spacing and channel bandwidth defined in table

8.3.54.2-1.
Table 8.3.5.4.2-1: AWGN power level at the SAN input
Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 5 -83.5 dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characterigtics of the wanted signal shall be configured according to TS 38.211 [8]. The test parameters are
configured as mentioned in table 8.3.5.4.2-2:

Table 8.3.5.4.2-2: Test parameters for PUCCH format 4

Parameter Value

Modulation order QPSK
First PRB prior to frequency hopping 0
Number of PRBs 1

Intra-slot frequency hopping enabled

First PRB after frequency hopping | The largest PRB index — (Number of PRBs — 1)

Group and sequence hopping neither
Hopping ID 0
Number of symbols 14
The number of UCI information bits 22
First symbol 0
Length of the orthogonal cover code n2
Index of the orthogonal cover code n0

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjust the equipment so that the SNR specified in table 8.3.5.5-1 and table 8.3.5.5-2 is achieved at the SAN
input during the UCI transmissions.

6) The signal generator sends atest pattern with the pattern outlined in figure 8.3.5.4.2-1. The following statistics
are kept: the number of incorrectly decoded UCI.

UCl uCl uCl (XX

Figure 8.3.5.4.2-1: Test signal pattern for PUCCH format 4 demodulation tests
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8.3.5.5 Test requirement

The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 8.3.5.5-1 and table 8.3.5.5-2.

Table 8.3.5.5-1: Test requirements for PUCCH format 4, 5 MHz channel bandwidth, 15 kHz SCS

Number of Number of RX Cyclic Propagation conditions and Additional DM-RS SNR

TX antennas Prefix correlation matrix (Annex G) configuration (dB)
antennas

1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 9.5

Additional DM-RS 9.2

2 Normal NTN-TDLA100-200 Low No additional DM-RS 3.1

Additional DM-RS 2.8

Table 8.3.5.5-2: Test requirements for PUCCH format 4, 10 MHz channel bandwidth, 30 kHz SCS

Number of Number of RX Cyclic Propagation conditions and Additional DM-RS SNR

TX antennas Prefix correlation matrix (Annex G) configuration (dB)
antennas

1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 11.1

Additional DM-RS 11.1

2 Normal NTN-TDLA100-200 Low No additional DM-RS 4.1

Additional DM-RS 3.9

8.3.6 Performance requirements for multi-slot PUCCH

8.3.6.1 Performance requirements for multi-slot PUCCH format 1
8.3.6.1.1 NACK to ACK detection
8.3.6.1.1.1 Definition and applicability

The performance requirement of multi-slot PUCCH format 1 for NACK to ACK detection is determined by the two
parameters: probability of false detection of the ACK and the NACK to ACK detection probability. The performanceis
measured by the required SNR at probability of the NACK to ACK detection equal to 0.1 % or less. The probability of
false detection of the ACK shall be 1 % or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
at particular bit position when input is only noise. Each false bit detection is counted as one error.

The NACK to ACK detection probability is the probability of detecting an ACK bit when an NACK bit was sent on
particular bit position. Each NACK bit erroneously detected as ACK hit is counted as one error. Erroneously detected
NACK bitsin the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when
DTX is sent should not be considered.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.6.1.1.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.3.7.

8.3.6.1.1.3 Test purpose

The test shall verify the receiver's ability not to falsely detect NACK bits as ACK bits under multipath fading
propagation conditions for a given SNR.
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8.3.6.1.1.4 Method of test

8.3.6.1.1.4.1 Initial conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.6.1.1.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception via a combining network as shown in annex D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the combinations of SCS and channel bandwidth defined in Table

8.3.6.1.1.4.2-1.
Table 8.3.6.1.1.4.2-1: AWGN power level at the SAN input
Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 5 -83.5dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and the specific test
parameters are configured as mentioned in table 8.3.6.1.1.4.2-2:

Table 8.3.6.1.1.4.2-2: Test parameters for multi-slot PUCCH format 1

Parameter Test

Number of information bits 2

Number of PRBs 1

Number of symbols 14

First PRB prior to frequency hopping 0
Intra-slot frequency hopping disabled
Inter-slot frequency hopping enabled

First PRB after frequency hopping The largest PRB index — (nrofPRBs — 1)

Group and sequence hopping neither

Hopping ID 0

Initial cyclic shift 0

First symbol 0

Index of orthogonal cover code (timeDomainOCC) 0

Number of slots for PUCCH repetition 2

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjusting the equipment so that the SNR specified in table 8.3.6.1.1.5-1 and table 8.3.6.1.1.5-2 is achieved at the
SAN input during the transmissions.

6) The signal generator sends random codeword from applicable codebook, in regular time periods. The following

statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as
ACK.

8.3.6.1.15 Test Requirement

The fraction of falsely detected ACK bits shall be lessthan 1 % and the fraction of NACK bits falsely detected as ACK
shall be lessthan 0.1 % for the SNR listed in table 8.3.6.1.1.5-1 and table 8.3.6.1.1.5-2.
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Table 8.3.6.1.1.5-1: Test requirements for multi-slot PUCCH format 1, 5 MHz channel bandwidth, 15

kHz SCS
Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low 1.2
2 Normal NTN-TDLA100-200 Low -6.0

Table 8.3.6.1.1.5-2: Test requirements for multi-slot PUCCH format 1, 10 MHz channel bandwidth, 30

kHz SCS
Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low 1.8
2 Normal NTN-TDLA100-200 Low -5.0

8.3.6.1.2 ACK missed detection

8.3.6.1.2.1 Definition and applicability

The performance requirement of PUCCH format 1 for ACK missed detection is determined by the two parameters:
probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the
required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or
less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is
present.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.3.6.1.2.2 Minimum Requirement

The minimum requirement isin TS 38.108 [2] clause 8.3.7.

8.3.6.1.2.3 Test purpose

The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for a given
SNR.

8.3.6.1.2.4 Method of test

8.3.6.1.24.1 Initial conditions
Test environment: Normal; see annex B.2.

RF channels to be tested for single carrier: M, see clause 4.9.1.

8.3.6.1.2.4.2 Procedure

1) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto all
SAN TAB connectors for diversity reception viaa combining network as shown in annex D.6 for SAN type 1-H
respectively.

2) Adjust the AWGN generator, according to the combinations of SCS and channel bandwidth defined in table
8.3.6.1.2.4.2-1.
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Table 8.3.6.1.2.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz) Channel bandwidth AWGN power level
(MHz)
15 5 -83.5dBm /4.5 MHz
30 10 -80.6 dBm / 8.64 MHz

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base
band SNR level.

3) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and the specific test
parameters are configured as mentioned in table 8.3.6.1.2.4.2-2:

Table 8.3.6.1.2.4.2-2: Test parameters for multi-slot PUCCH format 1

Parameter Test

Number of information bits 2

Number of PRBs 1

Number of symbols 14

First PRB prior to frequency hopping 0
Intra-slot frequency hopping disabled
Inter-slot frequency hopping enabled

First PRB after frequency hopping The largest PRB index — (nrofPRBs — 1)

Group and sequence hopping neither

Hopping ID 0

Initial cyclic shift 0

First symbol 0

Index of orthogonal cover code (timeDomainOCC) 0

Number of slots for PUCCH repetition 2

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

5) Adjusting the equipment so that the SNR specified in table 8.3.6.1.2.5-1 and table 8.3.6.1.2.5-2 is achieved at the
SAN input during the transmissions.

6) The signal generator sends random codewords from applicable codebook, in regular time periods. The following
statistics are kept: the number of ACK bits falsely detected in the idle periods and the number of missed ACK
bits. Each falsely detected ACK bit in the idle periods is accounted as one error for the statistics of false ACK
detection, and each missed ACK bit is accounted as one error for the statistics of missed ACK detection.

Note that the procedure described in this clause for ACK missed detection has the same condition as that described in
clause 8.3.6.1.1.4.2 for NACK to ACK detection. Both statistics are measured in the same testing.

8.3.6.1.2.5 Test Requirement

The fraction of falsely detected ACK bhits shall be lessthan 1 % and the fraction of correctly detected ACK bits shall be
larger than 99 % for the SNR listed in table 8.3.6.1.2.5-1 and table 8.3.6.1.2.5-2.

Table 8.3.6.1.2.5-1: Test requirements for multi-slot PUCCH format 1, 5 MHz channel bandwidth, 15

kHz SCS
Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low -1.3
2 Normal NTN-TDLA100-200 Low -7.4
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Table 8.3.6.1.2.5-2: Test requirements for multi-slot PUCCH format 1, 10 MHz channel bandwidth, 30

kHz SCS
Number of TX Number of RX Cyclic Propagation conditions and SNR
antennas antennas Prefix correlation matrix (dB)
(annex G)
1 1 Normal NTN-TDLA100-200 Low -0.6
2 Normal NTN-TDLA100-200 Low -7.0

8.4 Performance requirements for PRACH

8.4.1 PRACH false alarm probability and missed detection

8.4.1.1 Definition and applicability

The performance requirement of PRACH for preamble detection is determined by the two parameters: total probability
of false detection of the preamble (Pfa) and the probability of detection of preamble (Pd). The performance is measured
by the required SNR at probability of detection, Pd of 99%. Pfa shall be 0.1% or less.

Pfais defined as a conditional total probability of erroneous detection of the preamble (i.e., erroneous detection from
any detector) when input is only noise.

Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection
consists of several error cases — detecting only different preamble(s) than the one that was sent, not detecting any
preamble at all, or detecting the correct preamble but with the out-of-bounds timing estimation value.

For AWGN and NTN-TDLA100-200, atiming estimation error occurs if the estimation error of the timing of the
strongest path islarger than the time error tolerance values given in table 8.4.1.1-1.

Table 8.4.1.1-1: Time error tolerance for AWGN and NTN-TDLA100-200

PRACH PRACH SCS Time error tolerance
preamble (kHz) AWGN NTN-TDLA100-200
0,2 1.25 1.04 us 1.33 us
B4, C2 15 0.52 us 0.81 us
30 0.26 us 0.55 us

The test preambles for normal mode are listed in table A.4-1.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 8.1.2.

8.4.1.2 Minimum requirement

The minimum requirement isin TS 38.108 [2] clause 8.4.1.2.

8.4.1.3 Test purpose

The test shall verify the receiver's ability to detect PRACH preamble under static conditions and multipath fading
propagation conditions for a given SNR.

8.4.1.4 Method of test

841.4.1 Initial conditions
Test environment: Normal, see Annex B.2.

RF channels to be tested: for single carrier: M; see clause 4.9.1.
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1) Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generatorsto al
SAN TAB connectors for diversity reception viaa combining network as shown in D.6 for SAN type 1-H.

2) Adjust the AWGN generator, according to the SCS and channel bandwidth.

Table 8.4.1.4.2-1: AWGN power level at the SAN input

Sub-carrier spacing (kHz)

Channel bandwidth

AWGN power level

(MHz)
15 5 -83.5 dBm / 4.5MHz
30 10 -80.6 dBm / 8.64MHz

band SNR level.

NOTE: The AWGN power level contains an AWGN offset of 16dB by default. If
needed for test purposes, the AWGN level can be reduced from the
default by any value in the range 0dB to 16dB. Changing the AWGN level
does not impact the validity of the test, as it reduces the effective base

3) The characterigtics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A and the test parameter msgl-FrequencyStart is set to O.

4) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

5) Adjust the frequency offset of the test signal according to table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3.

6) Adjust the equipment so that the SNR specified in table 8.4.1.5-1 or 8.4.1.5-2 or 8.4.1.5-3 is achieved at the SAN
input during the PRACH preambles.

7) Thetest signal generator sends a preamble, and the receiver tries to detect the preamble. This pattern is repeated
asillustrated in figure 8.4.1.4.2-1. The preambles are sent with certain timing offsets as described below. The
following statistics are kept: the number of preambles detected in the idle period and the number of missed
preambles.

Preamble

Preamble

Figure 8.4.1.4.2-1: PRACH preamble test pattern

The timing offset base value for PRACH preamble format O is set to 50% of Ncs. This offset isincreased within the
loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.9us. Then the loop is being
reset and the timing offset is set again to 50% of Ncs. The timing offset scheme for PRACH preamble format 0 and

format 2 is presented in figure 8.4.1.4.2-2.

Ous

0.1us 0.2us 0.3us

0.4us 0.5us

0.6us 0.7us 0.8us 0.9

Figure 8.4.1.4.2-2: Timing offset scheme for PRACH preamble format 0 and format 2

The timing offset base value for PRACH preamble format B4 and C2 is set to 0. This offset isincreased within the loop,
by adding in each step avalue of 0.1us, until the end of the tested range, which is 0.8 us. Then the loop is being reset
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and the timing offset is set again to 0. The timing offset scheme for PRACH preamble format B4 and C2 is presented in
figure 8.4.1.4.2-3.

Ou 0.1us 0.2us 0.3us 0.4us 0.5us 0.6us 0.7us 0.8us

Figure 8.4.1.4.2-3: Timing offset scheme for PRACH preamble format B4 and C2

8.4.1.5

Test requirement for Normal Mode

Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRsin tables 8.4.1.5-1 to 8.4.1.5-3.

Table 8.4.1.5-1: PRACH missed detection test requirements for Normal Mode, 1.25 kHz SCS

Number of | Number of Propagation conditions Time error Frequency SNR (dB)
TX RX and correlation matrix tolerance offset
antennas antennas (annex G) Burst Burst
format O format
2
1 1 AWGN 1.04 us 0 -11.7 -17.1
NTN-TDLA100-200 Low 1.33 us 200 Hz 1.3 -9.1
2 AWGN 1.04 us 0 -14.2 -19.5
NTN-TDLA100-200 Low 1.33 us 200 Hz -6.2 -14.3
Table 8.4.1.5-2: PRACH missed detection test requirements for Normal Mode, 15 kHz SCS
Number of | Number of Propagation Time error Frequency offset SNR (dB)
TX RX conditions tolerance
antennas antennas and correlation matrix Burst Burst
(annex G) format format
B4 C2
1 1 AWGN 0.52 us 0 -14.3 -8.9
NTN-TDLA100-200 Low 0.81 us 200 Hz -2.1 2.5
2 AWGN 0.52 us 0 -16.5 -12.2
NTN-TDLA100-200 Low 0.81 us 200 Hz -8.4 -4.2
Table 8.4.1.5-3: PRACH missed detection test requirements for Normal Mode, 30 kHz SCS
Number of | Number of Propagation Time error Frequency offset SNR (dB)
TX RX conditions tolerance
antennas antennas and correlation matrix Burst Burst
(annex G) format format
B4 C2
1 1 AWGN 0.52 us 0 -14.1 -8.9
NTN-TDLA100-200 Low 0.81 us 200 Hz -3.7 0.7
2 AWGN 0.52 us 0 -16.2 -11.6
NTN-TDLA100-200 Low 0.81 us 200 Hz -9.4 -5.2
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9 Radiated transmitter characteristics

9.1 General

General test conditions for transmitter tests are given in clause 4, including interpretation of measurement results and
configurations for testing. SAN configurations for the tests are defined in clause 4.5.

If beams have been declared equivalent and paralel (D.13, D.14), only arepresentative beam is necessary to be tested
to demonstrate conformance.

9.2 Radiated transmit power

9.2.1 Definition and applicability
Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.

For each declared beam, the requirement is based on declarations given in clause 4.6 for a beam identifier (D.3),
reference beam direction pair (D.8), rated beam EIRP (D.11) at the beam's reference direction pair, OTA peak
directions set (D.9), the beam direction pairs at the maximum steering directions (D.10) and their associated rated
beam EIRP and beam width(s) for reference beam direction pair and maximum steering directions (D.12).

For adeclared beam identifier and beam direction pair, the rated beam EIRP level is the maximum power that the SAN
is declared to radiate at the associated beam peak direction.

For each beam peak direction associated with abeam direction pair within the OTA peak directions set, a specific rated
beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below.
Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed
inclause 9.2.4.1.

NOTE 1: The OTA peak directions set for abeam is the complete continuous or discrete set of al beam direction
for which the EIRP requirement is achieved for the beam.

NOTE 2: A beam direction pair consists of a beam centre direction and an associated beam peak direction.

Radiated transmit power is directional regquirement applicable to SAN type 1-H, SAN type 1-O and SAN type 2-O.

9.2.2 Minimum requirement

Radiated transmit power minimum requirement for SAN type 1-H and SAN type 1-O is defined in TS 38.108 [ 2],
clause 9.2.2.

Radiated transmit power minimum requirement for SAN type 2-O is defined in TS 38.108 [2], clause 9.2.3.

9.2.3 Test purpose

The test purpose is to verify the ability to accurately generate and direct radiated power per beam, across the frequency
range and under normal conditions, for all declared beams of the SAN type 1-H, SAN type 1-O and SAN type 2-O.

9.2.4 Method of test

9.24.1 Initial conditions
Test environment: Test to be performed on environment as declared by the manufacturer.
Directionsto be tested:

- OTA peak directions set reference beam direction pair (D.8), and
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- OTA peak directions set maximum steering directions (D.10).
Beamsto bg tested: A representative number of beams shall be chosen to demonstrate the SAN conformance to radiated
power requirements.
9.24.2 Procedure
The test procedure is as follows:
1) Placethe satellite on the positioner.
2) Align the manufacturer declared coordinate system orientation (D.2) of the satellite with the test system.
3) Orient the positioner and satellite in order that the direction to be tested aligns with the test antenna.
4) Configure the beam peak direction of the satellite according to the declared beamdirection pair.

5) Set the SAN to transmit according to the applicable test configuration in clause 4.8 using the corresponding test
model(s) in clause 4.9.2.

For a SAN declared to be capable of multi-carrier operation use the applicable test signal configuration and
corresponding power setting specified in clauses 4.7.2 and 4.8 using the corresponding test model(s) in
clause 4.9.2 on all carriers configured.

6) Measure EIRP for any two orthogonal polarizations (denoted pl and p2) and calculate total radiated transmit
power for particular beam direction pair as EIRP = EIRPy; + EIRPp,.

7) Test steps 3to 6 are repeated for al declared beams (D.3) and their reference beam direction pairs and maximum
steering directions (D.8 and D.10).

For multi-band capable SAN and single band tests, repeat the steps above per involved operating band where single
band test configurations and test models shall apply with no carriers activated in the other band.

9.2.5  Testrequirement

For each declared conformance beam direction pair, the EIRP measurement results in clause 9.2.4.2 shall remain within
the values provided in table 9.2.5-1, relative to the manufacturer's declared rated beam EIRP (D.11) value:

Table 9.2.5-1: Test requirement for radiated transmit power

Normal test environment

SAN type 1- f<3GHz:+3.3dB

H, SAN type
1-0

SAN type 2-O 17.3 GHz <f=<20.2 GHz: +5.1 dB

NOTE: For NB-IoT operationin NTN NR in-band, the NR carrier and NB-I0T carrier shall be seen asasingle
carrier occupied NR channel bandwidth, the total radiated power is shared between NR and NB-IoT. This
note shall apply for Pmax.c,rre @Nd Prated,c TR

9.3 OTA SAN output power

9.3.1 Definition and applicability

OTA SAN output power is declared asrated carrier TRP.

9.3.2 Minimum requirement
The minimum requirement for SAN type 1-O is specified in TS 38.108, clause 9.3.
The minimum requirement for SAN type 2-O is specified in TS 38.108, clause 9.3.
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9.3.3 Test purpose

The test purpose is to measure the maximum carrier TRP (PmaxcTre) across the frequency range for all RIBs.

9.34 Method of test

9.34.1 Initial conditions
Test environment: Test to be performed on environment as declared by the manufacturer.
RF channels to be tested for single carrier: B, M, T; see clause 4.9.1.
SAN RF Bandwidth positions to be tested for multi-carrier:
- Brraw, Mgreaw and Treaw in single band operation; see clause 4.9.1.
Beams to be tested:
Asthe requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement procedure as long as the
required TRP level is achieved.
9.34.2 Procedure
The following procedure for measuring TRP is based on the directional power measurements.
1) Placethe satellite on the positioner.
2) Align the manufacturer declared coordinate system orientation (D.2) of the satellite with the test system.

3) Configure the satellite such that the beam peak direction(s) applied during the power measurement step 6 are
consistent with the grid and measurement approach for the TRP test.

4) Set the SAN to transmit according to the applicable test configuration in clause 4.8 using the corresponding test
model(s) in clause 4.9.2.

For a SAN declared to be capable of multi-carrier operation use the applicable test signal configuration and
corresponding power setting specified in clauses 4.7.2 and 4.8 using the corresponding test model(s) in
clause 4.9.2 on all carriers configured.

5) Orient the positioner and satellite in order that the direction to be tested aligns with the test antenna such that
measurements to determine TRP can be performed.

6) Measure the radiated power for any two orthogonal polarizations (denoted p1 and p2) and calculate total radiated
transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.

7) Repeat step 6-7 for all directionsin the appropriated TRP measurement grid needed for full TRP estimation
8) Calculate TRP using the EIRP measurements.
For single band tests, repeat the steps above per involved band where single band test configurations and test models
shall apply with no carriers activated in the other band.

9.3.5  Test requirement

9.35.1 SAN type 1-O
The fina TRP measurement result in clause 9.3.4.2 shall remain:

- within +3.4 dB and -3.4 dB of the manufacturer's declared rated carrier TRP Praedc1re Carrier frequency f
<3.0GHz

NOTE: For NB-IoT operationin NTN NR in-band, the NR carrier and NB-I0T carrier shall be seen asasingle
carrier occupied NR channel bandwidth, the total radiated power is shared between NR and NB-IoT.
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9.3.5.2 SAN type 2-O
The fina TRP measurement result in clause 9.3.4.2 shall remain:

- within +5.1 dB and -5.1 dB of the manufacturer's declared rated carrier TRP Praedctre Carrier frequency
17.3 GHz < f <£20.2 GHz;

9.4 OTA output power dynamics

9.4.1 General

The requirementsin clause 9.4 apply during the transmitter ON period. Transmit signal quality (as specified in
clause 9.6) shall be maintained for the output power dynamics requirements.

The OTA output power requirements are single direction requirements and apply to the beam peak directions over the
OTA peak directions set.
9.4.2 OTA RE power control dynamic range

9421 Definition and applicability

The OTA RE power control dynamic range is the difference between the power of an RE and the average RE power for
a SAN at maximum output power (Pmax.c.eire) fOr a specified reference condition.

Thisrequirement shall apply at each RIB supporting transmission in the operating band.

9.42.2 Minimum requirement

The minimum requirement for SAN type 1-O isin TS 38.108[2], clause 9.4.2.2.

9.4.2.3 Method of test
No specific test or test requirements are defined for RE power control dynamic range. The Error Vector Magnitude test,
as described in clause 9.6 provides sufficient test coverage for this requirement.

9.4.3 OTA total power dynamic range

9431 Definition and applicability

The OTA total power dynamic range is the difference between the maximum and the minimum transmit power of an
OFDM symbol for a specified reference condition.

This requirement shall apply at each RIB supporting transmission in the operating band.

NOTE: The upper limit of the OTA total power dynamic range isthe SAN maximum carrier EIRP (Prmaxc,eire)
when transmitting on al RBs. The lower limit of the OTA total power dynamic range isthe average EIRP
for single RB transmission in the same direction using the same beam. The OFDM symbols shall carry
PDSCH and not contain PDCCH, RS or SSB.

9.4.3.2 Minimum requirement
The minimum requirement for SAN type 1-O isin TS 38.108 [2], clause 9.4.3.2.

The minimum requirement for SAN type 2-O isin TS 38.108 [2], clause 9.4.3.3.
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9.4.3.3 Test purpose
The test purpose is to verify that the total power dynamic range is within the limits specified by the minimum
requirement.

9434 Method of test

9.4.34.1 Initial conditions
Test environment:  Normal, see annex B.2.
RF channels to be tested for single carrier:  M; see clause 4.9.1.

Beamsto be tested: Declared beam with the highest intended EIRP for the narrowest intended beam corresponding to
the smallest BeW®, or for the narrowest intended beam corresponding to the smallest BeW¢ (D.3, D.11).

Directions to be tested: The OTA peak directions set reference beam direction pair (D.8).

9.4.3.4.2 Procedure
1) Placethe SAN at the positioner.
2) Align the manufacturer declared coordinate system orientation (D.2) of the SAN with the test system.
3) Orient the positioner (and SAN) in order that the direction to be tested aligns with the test antenna.
4) Configure the beam peak direction of the SAN according to the declared beam direction pair.

5) For SAN type 1-O, set the SAN to transmit a signal according to the applicable test configuration in clause 4.8
using the corresponding test models:

- NR-SAN-FR1-TM3.1if 64QAM issupported by SAN without power back off, or

- NR-SAN-FR1-TM3.1 with al 64QAM PDSCH PRBs replaced by 16QAM PDSCH PRBsif 64QAM is
supported by SAN with power back off, or

- NR-SAN-FR1-TM3.1 with all 64QAM PDSCH PRBs replaced by 16QAM PDSCH PRBsif 64QAM is not
supported by SAN but 16QAM is supported by SAN, or

- NR-SAN-FR1-TM3.1 with all 64QAM PDSCH PRBs replaced by QPSK PDSCH PRBsif 16QAM is not
supported by SAN.

For SAN type 2-O, set the SAN to transmit asignal according to the applicable test configuration in clause 4.8 using
the corresponding test models:

- NR-SAN-FR2-TM3.1 with 64QAM signalsif 64QAM is supported by SAN without power back off;

- NR-SAN-FR2-TM3.1 with highest modulation order supported without power back off if 64QAM is not
supported by SAN, or;

- NR-SAN-FR2-TM3.1with highest modulation order supported without power back off if 64QAM is
supported by SAN with power back off;

6) Measure the OFDM symbol TX power as defined in annex L by measuring the EIRP for any two orthogonal
polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair
as EIRP = EIRPy; + EIRPy.

7) For SAN type 1-O, set the SAN to transmit asignal according to the applicable test configuration in clause 4.8
using the corresponding test models:

- NR-SAN-FR1-TM2 if 64QAM is supported by SAN, or

- NR-SAN-FR1-TM2 with all 64QAM PDSCH PRBs replaced by 16QAM PDSCH PRBsif 64QAM is not
supported by SAN and 16QAM is supported,;
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- NR-SAN-FR1-TM2 with all 64QAM PDSCH PRBs replaced by QPSK PDSCH PRBsif 64QAM and
16QAM are both not supported;

For SAN type 2-O, set the SAN to transmit asignal according to the applicable test configuration in clause 4.8 using
the corresponding test models:

- NR-SAN-FR2-TM2 if 64QAM is supported by SAN, or;
- NR-SAN-FR2-TM2 with highest modulation order supported if 64QAM is not supported by SAN;

8) Measure the OFDM symbol TX power (OSTP) as defined in annex L by measuring the EIRP for any two
orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam
direction pair as EIRP = EIRP,; + EIRPp,.

The measured OFDM symbols shall not contain RS or SSB.

9.4.35 Test requirement

9.435.1

The downlink (DL) total power dynamic range for each NR carrier shall be larger than or equal to thelevel in
table 6.4.3.5.1-1.

SAN type 1-O

Table 9.4.3.5.1-1: Total power dynamic range

SAN channel bandwidth Total power dynamic range
(MHz) (dB)
15 kHz SCS | 30 kHz SCS | 60 kHz SCS
5 13.5 10 N/A
10 16.7 13.4 10
15 18.5 15.3 12.1
20 19.8 16.6 13.4
NOTE: Additional test requirements for the Error Vector Magnitude (EVM) at the lower limit of the dynamic
range are defined in clause 6.6.
9.4.3.5.2 SAN type 2-O

OTA total power dynamic range minimum requirement for SAN type 2-O is specified such as for each NR carrier it
shall be larger than or equal to the levels specified in table 9.4.3.5.2-1.

Table 9.4.3.5.2-1: Minimum requirement for SAN type 2-O total power dynamic range

SCS 50 MHz | 100 MHz | 200 MHz | 400 MHz

(kHz) OTA total power dynamic range (dB)

60 17.7 20.8 23.8 N/A

120 14.6 17.7 20.8 23.8

NOTE: Additional test requirements for the EVM at the lower limit of the dynamic range are defined in
clause 6.6.

9.4.4 OTA NB-loT RB power dynamic range for in-band operation
9441 Definition and applicability

The OTA NB-IoT RB power dynamic range (or NB-l1oT power boosting) for in-band operation is the difference
between the average power of NB-10T RESs (which occupy certain REs within a NR transmission bandwidth
configuration plus 15 kHz at each edge but not within the NR minimum guard band GBchane) and the average power
over al REs (from both NB-I10oT and the NR carrier containing the NB-10T RES).
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9.44.2 Minimum requirement

The minimum reguirement for SAN supporting NB-l10T operation in NTN NR in-band isin TS 38.108 [2],
clause 9.4.4.2.

9.4.4.3 Test purpose

The test purpose isto verify that the NB-loT RB power dynamic range for NB-10T operation in NTN NR in-band is met
as specified by the minimum requirement.

94.4.4 Method of test

Requirement is tested together with operating band unwanted emissions test, as described in clause 9.7.4.
9.445 Test requirements

9.4.45.1 SAN type 1-O
NB-loT RB power dynamic range for NB-10T operation in NTN NR in-band or guard band shall be larger than or equal

to the level specified in Table 9.4.4.5-1 or the NB-l1oT power dynamic range declared by the SAN manufacturer (D63).
This power dynamic range level isonly required for one NB-1oT RB.

Table 9.4.4.5-1: NB-loT RB power dynamic range for NB-loT operation in NTN NR in-band

SAN channel NB-loT RB frequency position NB-loT RB power
bandwidth (MHz) dynamic range
(dB)
5,10 Any +5.6
15 Within center 77*180kHz+15kHz at each edge +5.6
Other +2.6
20 Within center 102*180kHz+15kHz at each edge +5.6
Other +2.6

9.5 OTA transmit ON/OFF power

The requirement is not applicable in this version of the specification.

9.6 OTA transmitted signal quality

9.6.1 General

The requirementsin clause 9.6 apply during the transmitter ON period.
9.6.2 OTA frequency error

9.6.2.1 Definition and applicability

OTA fregquency error isthe measure of the difference between the actual SAN transmit frequency and the assigned
frequency. The same source shall be used for RF frequency and data clock generation.

OTA fregquency error requirement is defined as a directional requirement at the RIB and shall be met within the OTA
coverage range.

9.6.2.2 Minimum Requirement

The minimum regquirement for SAN type 1-O isin TS 38.108 [2], clause 9.6.1.2.
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The minimum requirement for SAN type 2-O isin TS 38.108[2], clause 9.6.1.3.

9.6.2.3 Test purpose

The test purpose isto verify that OTA frequency error is within the limit specified by the minimum requirement.

9.6.24 Method of test

Requirement is tested together with OTA modulation quality test, as described in clause 9.6.3.

9.6.24.1 Initial conditions

Directionsto be tested: OTA coverage range reference direction (D.30).

9.6.2.5 Test Requirements

The modulated carrier frequency of each NR carrier configured by the SAN shall be accurate to within 0.05 ppm + 12
Hz (tolerance) observed over 1 ms.

The frequency error requirement for NB-10T is specified in TS 36.181 [23] clause 9.6.2.5.

9.6.3 OTA modulation quality

9.6.3.1 Definition and applicability

OTA modulation quality is defined by the difference between the measured carrier signal and an ideal signal.
Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure
of the difference between the ideal symbols and the measured symbols after the equalization. This differenceis called
the error vector.

OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA
coverage range.

9.6.3.2 Minimum Requirement
The minimum requirement for SAN type 1-O, isin TS 38.108 [2], clause 9.6.2.2.
The minimum requirement for SAN type 2-O, isin TS 38.108 [2], clause 9.6.2.3.

9.6.3.3 Test purpose

The test purpose isto verify that OTA modulation quality is within the limit specified by the minimum requirement.
9.6.34 Method of test

9.6.34.1 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier:
- BandT; seeclause4.9.1.
SAN RF bandwidth positions to be tested for multi-carrier:
- Brrew and Trrew in single-band operation, see clause 4.9.1;
Directionsto be tested:

- The OTA coverage range reference direction (D.30).
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- The OTA coverage range maximum directions (D.31).

Polarizations to be tested: For dual polarized systems the requirement shall be tested and met for both polarizations.

9.6.3.4.2

Procedure

1) Placethe SAN at the positioner.

2) Align the manufacturer declared coordinate system orientation (D.2) of the SAN with the test system.

3) Orient the positioner (and SAN) in order that the direction to be tested aligns with the test antenna.

4) Configure the beamforming settings of the SAN according to the direction to be tested.

5) Set the SAN to output according to the applicable test configuration in clause 4.8 using the corresponding test
models or set of physical channelsin clause 4.9.2.

For SAN type 1-O declared to be capable of single carrier operation only, set the SAN to transmit a signal
according to:

NR-SAN-FR1-TM3.1if 64QAM is supported by SAN without power back off, or

NR-SAN-FR1-TM3.1 at manufacturer's declared rated output power if 64QAM is supported by SAN with
power back off, and NR-SAN-FR1-TM3.2 at maximum power, or

NR-SAN-FR1-TM3.2 if highest modulation order supported by SAN is 16QAM, or
NR-SAN-FR1-TM3.3 if highest modulation order supported by SAN is QPSK.

For SAN type 1-O declared to be capable of multi-carrier operation, set the SAN to transmit according to the
applicable test signal configuration and corresponding power setting specified in clauses 4.7.2 and 4.8 using the
corresponding test models on all carriers configured:

NR-SAN-FR1-TM3.1if 64QAM is supported by SAN without power back off, or

NR-SAN-FR1-TM3.1 at manufacturer's declared rated output power if 64QAM is supported by SAN with
power back off, and NR-SAN-FR1-TM3.2 at maximum power, or

NR-SAN-FR1-TM3.2 if highest modulation order supported by SAN is 16QAM, or
NR-SAN-FR1-TM3.3 if highest modulation order supported by SAN is QPSK.

For SAN type 2-O declared to be capable of single carrier operation only, set the SAN to transmit a signal
according to the applicable test signal configuration and corresponding power setting specified in clause 4.7.2
and 4.8 using the corresponding test models on all carriers configured:

NR-SAN-FR2-TM 3.1 with 64QAM signal if 64QAM is supported by SAN without power back off, or

NR-SAN-FR2-TM3.1 with highest modulation order without power back off if 64QAM is not supported by
SAN, or

if 64 QAM is supported by SAN with power back off, NR-SAN-FR2-TM 3.1 with 64QAM at manufacturer's
declared rated output power (Praed.ceire) @and NR-SAN-FR2-TM 3.1 with highest modulation order supported
at maximum power.

For SAN type 2-O declared to be capable of multi-carrier operation, set the SAN to transmit according to:

NR-SAN-FR2-TM 3.1 with 64QAM signal if 64QAM is supported by SAN without power back off, or

NR-SAN-FR2-TM3.1 with highest modulation order supported without power back off if 64QAM is not
supported by SAN, or

if 64QAM is supported by SAN with power back off, NR-SAN-FR2-TM 3.1 with 64QAM signal at
manufacturer's declared rated output power (Pratedc,eire) and NR-SAN-FR2-TM 3.1 with highest supported
modulation order at maximum power.

For NR-SAN-FR1-TM3.1 and NR-SAN-FR2-TM3.1, power back-off shall be applied if it is declared.
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6) For each carrier, measure the EVM and frequency error as defined in annex H.

9.6.3.5 Test requirements

9.6.3.5.1 SAN type 1-O

For SAN type 1-O, the EVM of each NR carrier for different modulation schemes on PDSCH shall be less than the
limitsin table 9.6.3.5.1-1 for FR1-NTN.

Table 9.6.3.5.1-1: EVM requirements for SAN type 1-O for FR1-NTN

Modulation scheme for PDSCH Required EVM
QPSK 185 %
16QAM 13.5 %

64QAM (NOTE) 9%

NOTE: EVM requirement for 64QAM is optional.

EVM shall be evaluated for each NR carrier over all alocated resource blocks and downlink dots. Different modulation
schemes listed in table 9.6.3.5.1-1 shall be considered for rank 1.

For NR, for al bandwidths, the EVM measurement shall be performed for each NR carrier over al alocated resource
blocks and downlink slots within 10 ms measurement periods. The boundaries of the EVM measurement periods need
not be aligned with radio frame boundaries.

Table9.6.3.5.1-2, 9.6.3.5.1-3, 9.6.3.5.1-4 below specify the EVM window length (W) for normal CP for SAN type 1-O.

Table 9.6.3.5.1-2: EVM window length for normal CP, FR1-NTN, 15 kHz SCS

Channel

CP length for

Ratio of W to total CP

bandwidth FFT size symbols 1-6 and 8-13 EY&&'Q%W length for symbols 1-6
(MHz) in FFT samples and 8-13 (Note) (%)
5 512 36 14 40
10 1024 72 28 40
15 1536 108 44 40
20 2048 144 58 40
NOTE: These percentages are informative and apply to a slot's symbols 1 to 6 and 8 to 13. Symbols
0 and 7 have a longer CP and therefore a lower percentage.

Table 9.6.3.5.1-3: EVM window length for normal CP, FR1-NTN, 30 kHz SCS

Channel . CP length for EVM window Ratio of W to total CP
bandwidth (MHz) FFT size symbols 1-13in FFT lenath W length for symbols 1-13
g
samples (Note) (%)
5 256 18 8 40
10 512 36 14 40
15 768 54 22 40
20 1024 72 28 40
NOTE: These percentages are informative and apply to a slot's symbols 1 through 13. Symbol 0 has
a longer CP and therefore a lower percentage.

Table 9.6.3.5.1-4: EVM window length for normal CP for NR, FR1-NTN, 60 kHz SCS

Channel FET size CP length in FFT EVM window Ratio of W to total CP
bandwidth (MHz) samples length W length (Note) (%)
10 256 18 8 40
15 384 27 11 40
20 512 36 14 40

NOTE:

These percentages are informative and apply to all OFDM symbols within subframe except
for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and
therefore a lower percentage.
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The modulation quality requirements for NB-loT are specified in TS 36.181 [23] clause 9.6.3.5.

9.6.3.5.2

SAN type 2-O

For SAN type 2-O, the EVM of each NR carrier for different modulation schemes on PDSCH shall be less than the

limitsin table 9.6.3.5.2-1 for FR2-NTN.

Table 9.6.3.5.2-1: EVM requirements for SAN type 2-O for FR2-NTN

Modulation scheme for PDSCH Required EVM (%)
QPSK 18.5
16QAM 135
64QAM 9

EVM requirements shall apply for each NR carrier over al allocated resource blocks and downlink slots. PT-RS should
be configured for localized setting for every fourth symbol for every second RB. Different modulation schemes listed in
table 9.6.3.5.2-1 shall be considered for rank 1.

For FR2-NTN, for al bandwidths, the EVM measurement shall be performed for each NR carrier over all alocated
resource blocks and downlink slots within 10 ms measurement periods. The boundaries of the EVM measurement
periods need not be aligned with radio frame boundaries.

Table9.6.3.5.2-2, 9.6.3.5.2-3, below specify the EVM window length (W) for normal CP for SAN type 2-O.

Table 9.6.3.5.2-2: EVM window length for normal CP, FR2-NTN, 60 kHz SCS

Channel bandwidth FFT size | Cyclic prefix lengthin FFT EVM window Ratio of W to total CP
(MHz) samples length W length (Note)
(%)
50 1024 72 36 50
100 2048 144 72 50
200 4096 288 144 50

NOTE:

These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of
slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.

Table 9.6.3.5.2-3: EVM window length for normal CP, FR2-NTN, 120 kHz SCS

Channel bandwidth FFT Cyclic prefix length in FFT EVM window Ratio of W to total CP
(MHz) size samples length W length (Note)
(%)
50 512 36 18 50
100 1024 72 36 50
200 2048 144 72 50
400 4096 288 144 50
NOTE: These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of
slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.
9.7 OTA unwanted emissions
9.7.1  General

Unwanted emissions consist of so-called out-of-band emissions and spurious emissions according to I TU definitions
ITU-R SM.329 [4]. InITU terminology, out of band emissions are unwanted emissions immediately outside the SAN
channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious
emissions. Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics
emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band

emissions.

The OTA out-of-band emissions requirement for the SAN type 1-O and SAN type 2-O is specified both in terms of
Adjacent Channel Leakage power Ratio (ACLR) and out-of-band emissions (OOBE).
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Table 9.7.1-1: Void

The unwanted emission requirements are applied per cell for all the configurations. Requirements for OTA unwanted
emissions are captured using TRP, or directional requirements as described per requirement.

For the OTA TRP measurement procedures, refer to TS 38.141-2 [18], annex .

There isin addition arequirement for occupied bandwidth.

9.7.2 OTA occupied bandwidth

9.7.2.1 General

The OTA 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. See also recommendation ITU-R SM.328 [5].

The value of /2 shall be taken as 0.5%.

The minimum requirement below may be applied regionally. There may also be regional requirements to declare the
OTA occupied bandwidth according to the definition in the present clause.

The OTA occupied bandwidth is defined as a directional requirement and shall be met in the manufacturer's declared
OTA coverage range at the RIB.

9.7.2.2 Minimum requirement

The minimum requirement for both SAN type 1-O and SAN type 2-O isdefined in TS 38.108 [2], clause 9.7.2.2.

9.7.2.3 Test purpose

The test purpose isto verify that the emission at the RIB does not occupy an excessive bandwidth for the service to be
provided and is, therefore, not likely to create interference to other users of the spectrum beyond undue limits.

9724 Method of test

9.7.24.1 Initial conditions

Test environment: Normal, see annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.
Directionsto be tested: OTA coverage range reference direction (D.30).

Beams to be tested: Declared beam with the highest intended EIRP for the narrowest intended beam corresponding to
the smallest BeW6, or for the narrowest intended beam corresponding to the smallest BeW¢ (D.3, D.11).

For SAN declared to be capable of single carrier operation, start transmission according to the applicable test
configuration in clause 4.8 using the corresponding test model NR-SAN-FR1-TM1.1 for SAN type 1-O or NR-SAN-
FR2-TM1.1 for SAN type 2-O in clause 4.9.2 at manufacturers declared rated carrier EIRP (Prated,c.eire, D.11).

For a SAN declared to be capable of NB-l10T operation in NTN NR in-band (D.60), test shall be using NR-N-TM
according to clause 4.9.2.2.7.

9.7.24.2 Procedure
1) Placethe SAN at the positioner.

2) Align the manufacturer declared coordinate system orientation (D.2) of the SAN with the test system.

ETSI



3GPP TS 38.181 version 18.6.0 Release 18 134 ETSI TS 138 181 V18.6.0 (2025-07)

3) Orient the positioner (and SAN) in order that the direction to be tested aligns with the test antenna.
4) Configure the beam peak direction of the SAN according to the declared beam direction pair.
5) Set the SAN to transmit signal.

6) Measure the spectrum emission of the transmitted signal using at least the number of measurement points, and
across aspan, aslisted in table 9.7.2.4.2-1 and 9.7.2.4.2-2. The selected resolution bandwidth (RBW) filter of the
analyser shall be 30 kHz or less.

NOTE: The detection mode of the spectrum analyzer will not have any effect on the result if the statistical
properties of the out-of-OBW power are the same as those of the inside-OBW power. Both are expected
to have the Rayleigh distribution of the amplitude of Gaussian noise. In any case where the statistics are
not the same, though, the detection mode is power responding. There are at |east two ways to be power
responding. The spectrum analyser can be set to "sample" detection, with its video bandwidth setting at
least three times its RBW setting. Or the analyser may be set to respond to the average of the power (root-
mean-square of the voltage) across the measurement cell.

Table 9.7.2.4.2-1: Span and number of measurement points for OBW measurements for FR1-NTN

Bandwidth SAN channel bandwidth
BWochannel (MHZ)
5 10 15 20
Span (MHz) 10 20 30 40
Minimum number of measurement points 400 400 400 400

Table 9.7.2.4.2-2: Span and number of measurement points for OBW measurements for FR2-NTN

Bandwidth SAN channel bandwidth
BWochannel (MHZ)
50 | 100 | 200 | 400

Span (MHz) 2% BW
Channel
Minimum number of measurement points
2 X BWChanne[
200kHz

7) Compute the total of the EIRP, PO, (in power units, not decibel units) of all the measurement cellsin the
measurement span. Compute P1, the EIRP outside the occupied bandwidth on each side. P1 is half of the total
EIRP outside the bandwidth. P1 is half of (100 % - (occupied percentage)) of PO. Measure the EIRP for any two
orthogonal polarizations (denoted pl and p2) and calculate total radiated transmit power for particular beam
direction pair as EIRP = EIRPy + EIRPp.

8) Determine the lowest frequency, f1, for which the sum of all EIRP in the measurement cells from the beginning
of the span to f1 exceeds P1.

9) Determine the highest frequency, f2, for which the sum of all EIRP in the measurement cells from the end of the
span to f2 exceeds P1.

10) Compute the OTA occupied bandwidth as f2 - 1.

9.7.25 Test requirement

The OTA occupied bandwidth for each NR carrier shall be less than the channel bandwidth as defined in TS 38.108 [2],
table 5.3.5-1.
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9.7.3 OTA Adjacent Channel Leakage Power Ratio (ACLR)

9.7.3.1 Definition and applicability

OTA Adjacent Channel Leakage power Ratio (ACLR) isthe ratio of the filtered mean power centred on the assigned
channel frequency to the filtered mean power centred on an adjacent channel frequency. The measured power is TRP.

The reguirement shall be applied per RIB.

For aRIB operating in multi-carrier, the OTA ACLR requirementsin clause 9.7.3.2 apply to SAN channel bandwidths
of the outermost carrier.

The requirements shall also apply if the SAN supports NB-10T operation in NTN NR in-band.

9.7.3.2 Minimum requirement
The minimum requirement for SAN type 1-O isin TS 38.108 [2], clause 9.7.3.2.
The minimum requirement for SAN type 2-O isin TS 38.108 [2], clause 9.7.3.3.

9.7.3.3 Test purpose

To verify that the OTA adjacent channel |eakage ratio requirement shall be met as specified by the minimum
requirement.

9734 Method of test

9.7.34.1 Initial conditions

Test environment:  normal; see annex B.2.

RF channels to be tested for single carrier: B and T; see clause 4.9.1.

SAN RF bandwidth positions to be tested for multi-carrier: Brrsw and Tresw in Single-band operation, see clause 4.9.1.

Directions to be tested: Asthe requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement
procedure (see TS 38.141-2 [18], annex |) aslong asthe required TRP level is achieved.

9.7.3.4.2 Procedure

The following procedure for measuring TRP is based on the directional power measurements as described in TS
38.141-2 [18], annex |. An alternative method to measure TRP isto use a characterized and calibrated reverberation
chamber if so follow steps 1, 3, 4, 6, 8, 9, 10, and 11.

1) Placethe SAN at the positioner.
2) Align the manufacturer declared coordinate system orientation (D.2) of the SAN with the test system.
3) The measurement devices characteristics shal be;

- Measurement filter bandwidth: defined in clause 9.7.3.5.

- Detection mode: true RMS voltage or true power averaging.

- The emission power should be averaged over an appropriate time duration to ensure the measurement is
within the measurement uncertainty in table 4.1.2.2-2.

4) For single carrier operation, set the SAN to transmit according to the applicable test configuration in clause 4.8
using the corresponding test model(s) in clause 4.9.2 at manufacturers declared rated carrier TRP output power
declared per RIB (Pratedc.TrRP).
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5)

6)
7)

8)

9)

For SAN declared to be capable of multi-carrier operation use the applicable test signal configuration and
corresponding power setting specified in clauses 4.7.2 and 4.8 using the corresponding test model(s) in
clause 4.9.2 on all carriers configured.

For a SAN declared to be capable of NB-10T operation in NTN NR in-band (D.60), test shall be performed using
NR-N-TM according to clause 4.9.2.2.7.

Orient the positioner (and SAN) in order that the direction to be tested aligns with the test antenna such that
measurements to determine TRP can be performed (see TS 38.141-2 [18], annex 1).

M easure the absol ute power of the assigned channel frequency and the (adjacent channel frequency).

Repeat step 5-6 for al directionsin the appropriated TRP measurement grid needed for TRPesimae (S TS
38.141-2[18], annex 1).

Calculate TRPesimae for the absolute total radiated power of the wanted channel and the adjacent channel using
the measurements made in Step 7.

Calculate relative ACLR estimate.

NOTE 1. ACLRiscalculated by the ratio of the absolute TRP of the assigned channel frequency and the absolute

TRP of the adjacent frequency channel.

NOTE 2: For FR1-NTN the measurement uncertainty of the reverberation chamber for the relative ACLR is higher

than the measurement uncertainty in clause 4.1.2 the test requirementsin table 9.7.3.5.1-1 and 9.7.3.5.1-2
shall be tightened following the procedure in clause 4.1.3.

10)Measure OTA ACLR for the frequency offsets both side of channel frequency as specified in table 9.7.3.5.1-1

and 9.7.3.5.1-2 for SAN type 1-O or tables 9.7.3.5.2-1 and 9.7.3.5.2-2 for SAN type 2-O respectively. In multiple
carrier case only offset frequencies below the lowest and above the highest carrier frequency used shall be

11) Repeat the test with the channel set-up using NR-SAN-FR1-TM1.2 for SAN type 1-O.

9.7.35 Test requirements

9.7.3.5.1 SAN type 1-O

The OTA ACLR limit specified in table 9.7.3.5-1 for SAN GEO class and 9.7.3.5-2 for SAN LEO class shall apply.

Table 9.7.3.5.1-1: SAN type 1-O ACLR limit for GEO class

SAN channel SAN adjacent channel Assumed adjacent | Filter on the adjacent ACLR
bandwidth of centre frequency channel carrier channel frequency limit
lowest/highest carrier offset below the (informative) and corresponding
transmitted BWchannel lowest or above the filter bandwidth
(MHz) highest carrier centre
frequency transmitted
5, 10, 15, 20 BW channel NR of same BW Square (BW config) 13
(NOTE 2) (NOTE 1)
2 X BWchannel NR of same BW Square (BW config) 13
(NOTE 2) (NOTE 1)
NOTE 1: BWchannel and BWconiig are the SAN channel bandwidth and transmission bandwidth configuration of the
lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW conig).
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Table 9.7.3.5.1-2: SAN type 1-O ACLR limit for LEO class

SAN channel SAN adjacent channel Assumed adjacent | Filter on the adjacent ACLR
bandwidth of centre frequency channel carrier channel frequency limit
lowest/highest carrier offset below the (informative) and corresponding
transmitted BWchannel lowest or above the filter bandwidth
(MHz) highest carrier centre
frequency transmitted
5, 10, 15, 20 BW channel NR of same BW Square (BWconfig) 23
(NOTE 2) (NOTE 1)
2 X BWchannel NR of same BW Square (BW config) 23
(NOTE 2) (NOTE 1)
NOTE 1: BWchannel and BWconiig are the SAN channel bandwidth and transmission bandwidth configuration of the
lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW config).

9.7.3.5.2 SAN type 2-O
The OTA ACLR limit specified in table 9.7.3.5.2-1 for SAN GEO class and 9.7.3.5.2-2 for SAN LEO class shall apply.

Table 9.7.3.5.2-1: SAN type 2-O ACLR limit for GEO class

SAN channel SAN adjacent channel | Assumed adjacent Filter on the adjacent ACLR
bandwidth of centre frequency channel carrier channel frequency limit
lowest/highest carrier offset below the and corresponding (dB)
transmitted lowest or above the filter bandwidth
BWochannel (MHZz) highest carrier centre

frequency transmitted

50, 100, 200, 400 BW channel NR ‘(’sz‘g"ze) BW Square (BWconfig) 9.7
NOTE 1: BWochannel and BWconiig are the SAN channel bandwidth and transmission bandwidth configuration of the
lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW config).

Table 9.7.3.5.2-2: SAN type 2-O ACLR limit for LEO class

SAN channel SAN adjacent channel | Assumed adjacent Filter on the adjacent ACLR
bandwidth of centre frequency channel carrier channel frequency limit
lowest/highest carrier offset below the and corresponding (dB)
transmitted lowest or above the filter bandwidth
BWochannel (MHZ) highest carrier centre

frequency transmitted

50, 100, 200, 400 BW channel NR ‘(’,f\lzf‘ems BW Square (BWconfig) 9.7
NOTE 1: BWochannel and BWconfig are the SAN channel bandwidth and transmission bandwidth configuration of the
lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2: With SCS that provides largest transmission bandwidth configuration (BW conig).

9.7.4 OTA out-of-band emissions

9.74.1 Definition and applicability
The OTA limits for out-of-band emissions are specified as TRP per RIB unless otherwise stated.

For a RIB operating in multi-carrier, the requirements apply to SAN channel bandwidths of the outermost carrier.
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The requirements shall also apply if the SAN supports NB-10T operationin NTN NR in-band.

9.7.4.2 Minimum requirement
The minimum requirement for SAN type 1-O isdefined in TS 38.108 [ 2], clause 9.7.4.2.
The minimum requirement for SAN type 2-O is defined in TS 38.108 [2], clause 9.7.4.3.

9.74.3 Test purpose
This test measures the emissions of the SAN, close to the assigned channel bandwidth of the wanted signal, while the
SAN isin operation.

9.7.4.4 Method of test

9.7.4.4.1 Initial conditions
Test environment: normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.

SAN RF bandwidth positions to be tested for multi-carrier: Brraw, Mrrew and Tresw in Single-band operation, see
clause 4.9.1.

Directions to be tested: Asthe requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement
procedure (see TS 38.141-2 [18], annex |) aslong asthe required TRP level is achieved.
9.7.4.4.2 Procedure

The following procedure for measuring TRP is based on the directional power measurements as described in TS
38.141-2 [18], annex |. An alternative method to measure TRP isto use a characterized and calibrated reverberation
chamber if so follow steps 1, 3, 4, 6.

1) Placethe SAN at the positioner.
2) Align the manufacturer declared coordinate system orientation (D.2) of the SAN with the test system.
3) The measurement devices characteristics shal be;

- Measurement filter bandwidth: as defined in clause 6.7.4.5.

- Detection mode: true RMS voltage or true power averaging.

Asagenera rule, the resolution bandwidth of the measuring equipment should be equal to the measurement
bandwidth. However, to improve measurement accuracy, sensitivity, efficiency and avoiding e.g. carrier |leakage,
the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is
smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in
order to obtain the equivalent noise bandwidth of the measurement bandwidth.

The emission power should be averaged over an appropriate time duration to ensure the measurement is within
the measurement uncertainty in table 4.1.2.2-2.

4) For single carrier operation, set the SAN to transmit according to the applicable test configuration in clause 4.8
using the corresponding test model(s) in clause [4.9.2] at manufacturers declared rated carrier TRP output power
declared per RIB (Pratedc.TrRP).

For a SAN declared to be capable of multi-carrier operation, use the applicable test signal configuration and
corresponding power setting specified in clause [4.7.2] and 4.8 using the corresponding test model(s) in
clause 4.9.2 on al carriers configured.

For a SAN declared to be capable of NB-10T operation in NTN NR in-band (D.60), test shall be performed using
NR-N-TM according to clause 4.9.2.2.7.
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5) Orient the positioner (and SAN) in order that the direction to be tested aligns with the test antenna such that
measurements to determine TRP can be performed (see TS 38.141-2 [18], annex |).

6) Sweep the centre frequency of the measurement filter in contiguous steps and measure emission power within
the specified frequency ranges with the specified measurement bandwidth.

7) Repeat step 5-6 for all directionsin the appropriated TRP measurement grid needed for TRPesimae (S TS
38.141-2[18], annex 1).

8) Calculate TRPegimae USing the measurements made in step 6.

9.745 Test requirements

The OTA out-of-band emissions requirement for SAN type 1-O shall not exceed each applicable limitin 9.7.4.2 of TS
38.108[2].

The OTA out-of-band emissions requirement for SAN type 2-O shall not exceed each applicablelimitin 9.7.4.3of TS
38.108[2].

The requirements shall apply whatever the type of transmitter considered and for all transmission modes foreseen by the
manufacturer's specification. For a RIB operating in multi-carrier, the requirements apply to SAN channel bandwidths
of the outermost carrier for the frequency ranges defined in clause 6.6.4.1.

For amulti-carrier single-band RIB the definitions above apply to the lower edge of the carrier transmitted at the lowest
carrier frequency and the upper edge of the carrier transmitted at the highest carrier frequency within a specified
frequency band.

9.7.5  OTA transmitter spurious emissions

9.75.1 General
Unless otherwise stated, all requirements are measured as mean power.

The OTA transmitter spurious emission limits for FR1-NTN shall apply from 30 MHz to the 5" harmonic of the upper
frequency edge of the DL operating band, excluding the SAN transponder bandwidth BWsan and the frequency range
where the out-of-band emissions apply.

NOTE 1: The lower limit and upper limit are as per I TU-R recommendation SM.329 [4], Table 1: For systems
operating within 600 MHz and 5.2 GHz, the lower limit is 30 MHz and the upper limit is the 5 harmonic
of the higher frequency.

NOTE 2: The lower limit of 30 MHz can be replaced as per ITU-R SM.329[4]: Systems having an integral antenna
incorporating a waveguide section, or with an antenna connection in such form, and of unperturbed length
equal to at least twice the cut-off wavelength, do not require spurious domain emission measurements
below 0.7 times the waveguide cut-off frequency.

The OTA transmitter spurious emission limits for FR2-NTN shall apply from 30 MHz to the 2" harmonic of the upper
frequency edge of the DL operating band, excluding the SAN transponder bandwidth BWsan and the frequency range
where the out-of-band emissions apply.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for
al transmission modes foreseen by the manufacturer's specification.

9.75.2 General OTA transmitter spurious emissions requirements

9.75.2.1 Definition and applicability

The general OTA transmitter spurious emissions regquirements are specified as TRP per RIB, per cell, unless otherwise
specified.
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The requirements shall apply to SAN that support NR or NR with NB-10T operationin NTN NR in-band.

9.7.5.2.2 Minimum requirement
The minimum requirement for SAN type 1-O is specified in TS 38.108 [2], clause 9.7.5.2.2.
The minimum requirement for SAN type 2-O is specified in TS 38.108 [2], clause 9.7.5.3.2.

9.7.5.2.3 Test purpose

The test purposeisto verify if the radiated spurious emissions from the SAN at the RIB are within the specified
minimum requirements.

9.75.2.4 Method of test

9.75.24.1 Initial conditions
Test environment: Normal; see annex B.2.
For FR1I-NTN:

- B whentesting from 30 MHz to the lower frequency edge of the SAN transponder bandwidth minus 2 times
BWsan

- T when testing from the upper frequency edge of the SAN transponder bandwidth plus 2 times BWgay to 51
harmonic

For FR2-NTN:

- B whentesting from 30 MHz to the lower frequency edge of the SAN transponder bandwidth minus 2 times
BWsan

- T when testing from upper frequency edge of the SAN transponder bandwidth plus 2 times BWsay to 2™
harmonic.

RF bandwidth positions to be tested in single-band multi-carrier operation, see clause 4.9.1:
For FR1-NTN:

- Brraw When testing from 30 MHz to the lower frequency edge of the SAN transponder bandwidth minus 2 times
BWsan

- Treaw When testing from the upper frequency edge of the SAN transponder bandwidth plus 2 times BWsan to 51
harmonic

For FR2-NTN:

- Brraw When testing from 30 MHz to the lower frequency edge of the SAN transponder bandwidth minus 2 times
BWsan

- Tresw When testing from the upper frequency edge of the SAN transponder bandwidth plus 2 times BWsan to 2
harmonic

Directions to be tested: Asthe requirement is TRP the beam pattern(s) may be set up to optimise the TRP measurement
procedure (see TS 38.141-2 [18], annex |).

9.75.2.4.2 Procedure

The following procedure for measuring TRP is based on directional power measurements as described in TS 38.141-2
[18], annex |. An alternative method to measure TRP isto use a characterized and calibrated reverberation chamber if
so follow steps 1, 3, 4, 5, 7.

1) Placethe SAN at the positioner.
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2) Align the manufacturer declared coordinate system orientation (D.2) of the SAN with the test system.
3) Measurements shall use a measurement bandwidth in accordance to the conditionsin clause 9.7.5.2.5.
4) The measurement device characteristics shall be:

- Detection mode: True RMS.

- The emission power should be averaged over an appropriate time duration to ensure the measurement is
within the measurement uncertainty in Table 4.1.2.2-2 for FR1-NTN and Table 4.1.2.2-3 for FR2-NTN.

5) Set the SAN to transmit:

- For RIB declared to be capable of single carrier operation only, set the RIB to transmit asignal according to
the applicable test configuration in clause 4.8 using the corresponding test model in clause 4.9.2 (i.e. NR-
SAN-FR1-TM1.1 for SAN type 1-O and NR-SAN-FR2-TM 1.1 for SAN type 2-O), at manufacturer's declared
rated output power Praed.c Tre.

- For aRIB declared to be capable of multi-carrier operation, set the RIB to transmit according to the
corresponding test model in clause 4.9.2 on all carriers configured using the applicable test configuration and
corresponding power setting specified in clause 4.7.2 and 4.8.

- For aSAN declared to be capable of NB-10T operation in NTN NR in-band (D.60), test shall be performed
using NR-N-TM according to clause 4.9.2.2.7.

6) Orient the positioner (and SAN) in order that the direction to be tested aligns with the test antenna such that
measurements to determine TRP can be performed (see TS 38.141-2 [18], annex |).

7) Measure the emission at the specified frequencies with specified measurement bandwidth.

8) Repeat step 6-7 for all directionsin the appropriated TRP measurement grid needed for full TRP estimation (see
TS 38.141-2[18], annex |).

NOTE 1: The TRP measurement grid may not be the same for all measurement frequencies.
NOTE 2: The frequency sweep or the TRP measurement grid sweep may be done in any order.

9) Calculate TRP at each specified frequency using the directional measurements.
9.75.25 Test requirement

9.75.251 Test requirement for SAN type 1-O
For a SAN type 1-O, the TRP of any spurious emission shall not exceed the limitsin table 9.7.5.2.5.1-1.

Table 9.7.5.2.5.1-1: General OTA SAN transmitter spurious emission limits for SAN type 1-O

Spurious frequency Prated t, TRP Test limit Measurement Notes
range (dBm) (dBm) bandwidth
(kHz)
30 MHz — 5t <47 13
harmonic of the > 47 NOTE 1, NOTE 2,
upper frequency 4 NOTE
edge of the DL Prated,; TRP — 60dB OTE 3
operating band

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [4], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [4], s2.5 table 1.

NOTE 3: The lower frequency limit is replaced by 0.7 times the waveguide cut-off frequency, according to ITU-R SM.329
[4], for systems having an integral antenna incorporating a waveguide section, or with an antenna connection in
such form, and of unperturbed length equal to at least twice the cut-off.

9.75.25.2 Test requirement for SAN type 2-O
For a SAN type 2-O, the TRP of any spurious emission shall not exceed the limitsin table 9.7.5.2.5.2-1.
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Table 9.7.5.2.5.2-1: General OTA SAN transmitter spurious emission limits for SAN Type 2-O

Spurious frequency Prated t, TRP Test limit Measurement Notes
range (dBm) (dBm) bandwidth
(kHz)
30 MHz — 2nd
harmonic of the

NOTE 1, NOTE 2,

upper frequency <47 -13 4 NOTE 3

edge of the DL
operating band

> 47 Prated,t,TRP —60dB

NOTE 1: Measurement bandwidths as in ITU-R SM.329 [4], s4.1.

NOTE 2: Upper frequency as in ITU-R SM.329 [4], s2.5 table 1.

NOTE 3: The lower frequency limit is replaced by 0.7 times the waveguide cut-off frequency, according to ITU-R SM.329
[4], for systems having an integral antenna incorporating a waveguide section, or with an antenna connection in
such form, and of unperturbed length equal to at least twice the cut-off.

9.8 OTA transmitter intermodulation

The requirement is not applicable in this version of the specification.

10 Radiated receiver characteristic

10.1 General

General test conditions for receiver tests are given in clause 4, including interpretation of measurement results and
configurations for testing. SAN configurations for the tests are defined in clause 4.5.

Radiated receiver characteristics are specified at RIB, with full complement of transceivers for the configuration in
normal operating condition.

Unless otherwise stated, the following arrangements apply for the radiated receiver characteristics requirementsin
clause 10:

- Requirements shall be met for any transmitter setting.
- Therequirements shall be met with the transmitter unit(s) ON.
- Throughput requirements defined for the radiated receiver characteristics do not assume HARQ retransmissions.

- When SAN is configured to receive multiple carriers, al the throughput requirements are applicable for each
received carrier.

- For ACS and blocking characteristics, the negative offsets of the interfering signal apply relative to the lower
SAN RF Bandwidth edge, and the positive offsets of the interfering signal apply relative to the upper SAN RF
Bandwidth edge.

- Each requirement shall be met over the RoOAOA specified.

- Requirements shall also apply for SAN supporting NB-10T operation in NTN NR in-band. The corresponding
NB-IoT requirements are specified in clause 10 of TS 36.181 [23].

NOTE 1: In normal operating condition the SAN in FDD operation is configured to transmit and receive at the
sametime.

For FR1-NTN requirements which are to be met over the OTA REFSENS RoA0A absol ute requirement values are off set
by the following term:

Aotarersens = 44.1 - 10*10g10(BeWe rersensBeW  rersens) dB for the reference direction

and

ETSI




3GPP TS 38.181 version 18.6.0 Release 18 143 ETSI TS 138 181 V18.6.0 (2025-07)

Aotarersens = 41.1 - 10*10g10(BeWe rersens-BeW  rersens) dB for all other directions

For requirements which are to be met over the minSENS RoAo0A absol ute regquirement val ues are offset by the following
term:

Aminsens = Prersens — El Sminsens (dB)

For FR2-NTN requirements which are to be met over the OTA REFSENS RoA0A absol ute requirement values are off set
by the following term:

Arro rersens = -3 dB for the reference direction
and

Arro rersens = 0 dB for al other directions

10.2  OTA sensitivity

10.2.1 Definition and applicability

The OTA sensitivity requirement is adirectional requirement based upon the declaration of one or more OTA sensitivity
direction declarations (OSDD), related to a SAN type 1-H and SAN type 1-O receiver.

The SAN type 1-H and SAN type 1-O may optionally be capable of redirecting/changing the receiver target by means of
adjusting SAN settings resulting in multiple sensitivity ROACA. The sensitivity ROAOA resulting from the current SAN
settings is the active sensitivity ROAOA.

If the SAN is capable of redirecting the receiver target related to the OSDD then the OSDD shall include:

- SAN channel bandwidth and declared minimum EIS level applicable to any active sensitivity ROAOA inside the
receiver target redirection range in the OSDD.

- A declared receiver target redirection range, describing all the angles of arrival that can be addressed for the
OSDD through alternative settings in the SAN.

- Fivedeclared sensitivity ROAOA comprising the conformance testing directions as detailed in TR 37. 941 [13].
- Thereceiver target reference direction.
NOTE 1: Some of the declared sensitivity ROA0A may coincide depending on the redirection capability.

NOTE 2: In addition to the declared sensitivity ROAOA, severa sensitivity RoOA0A may be implicitly defined by the
receiver target redirection range without being explicitly declared in the OSDD.

If the SAN is not capable of redirecting the receiver target related to the OSDD, then the OSDD includes only:

- The set(s) of RAT, SAN channel bandwidth and declared minimum EIS level applicable to the sensitivity RoOA0A
in the OSDD.

- One declared active sensitivity ROACA.
- Thereceiver target reference direction.

NOTE 4: For SAN without target redirection capability, the declared (fixed) sensitivity ROAOA is always the active
sensitivity ROAOA.

The OTA sensitivity EIS level declaration shall apply to each supported polarization, under the assumption of
polarization match.
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10.2.2 Minimum requirement

For areceived signal whose AoA of the incident wave is within the active sensitivity ROA0A of an OSDD, the error rate
criterion as described in TS 38.108 [2] clause 10.2.2 shall be met when the level of the arriving signal is equal to the
minimum EIS level in the respective declared set of EIS level and SAN channel bandwidth.

10.2.3 Test Purpose

The test purpose isto verify that the SAN can meet the throughput requirement for a specified measurement channel at
the EIS level and the range of angles of arrival declared in the OSDD.

10.2.4 Method of test

10.2.4.1 Initial conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.
Directionsto be tested:
- receiver target reference direction (D.26),

- conformance test directions (D.28).

10.2.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.4.1.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Alignthe SAN with the test antenna in the declared direction to be tested.

4) Ensure the polarization is accounted for such that all the power from the test antennais captured by the SAN
under test.

5) Configure the beam peak direction for the transmitter according to the declared reference beam direction pair for
the appropriate beam identifier.

6) For FDD operation, set the SAN to transmit beam(s) of the same operational band as the OSDD being tested
according to the appropriate test configuration in clauses 4.7 and 4.8.

7) Start the signal generator for the wanted signal to transmit:
- Thetest signal as specified in clause 10.2.5.

8) Set thetest signal mean power so the calibrated radiated power at the SAN Antenna Array coordinate system
reference point is as specified in clause 10.2.5.

9) Measure the throughput according to annex A.1, aswell asannex A.14 of TS 36.181 [23] for a SAN declared to
be capable of NB-10T operation in NTN NR in-band (D.60) for each supported polarization.

10) Repeat steps 3 to 9 for all OSDD(s) declared for the SAN (D.19), and supported polarizations.
10.2.5 Test requirements

10.25.1 General

The minimum EIS level isadeclared figure (D.23) for each OSDD (D.19). The test requirement is calculated from the
declared value offset by the EIS Test Tolerance specified in clause 4.1.
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10.2.5.2 Test requirements for SAN type 1-H and SAN type 1-O
For each measured carrier, the throughput measured in step 9 of clause 10.2.4.2 shall be > 95 % of the maximum

throughput of the reference measurement channel as specified in annex A.1 with parameters specified in table 10.2.5.2-
1.

Table 10.2.5.2-1: SAN GEO and LEO class EIS levels

SAN channel Sub-carrier Reference measurement channel OTA sensitivity level, EIS
bandwidth (MHz) spacing (kHz) (dBm) (Note 2)
5,10, 15 15 G-FR1-NTN-A1-1 (Note 1)
G-FR1-NTN-A1-10 (Note 2, 3)
10, 15 30 G-FR1-NTN-A1-2 (Note 1) |
10, 15 60 G-FR1-NTN-A1-3 (Note 1) milr?i?r::u?;egls
20 15 G-FR1-NTN-A1-4 (Note 1) +13
G-FR1-NTN-A1-11 (Note 2, 4) '
20 30 G-FR1-NTN-A1-5 (Note 1)
20 60 G-FR1-NTN-A1-6 (Note 1)

NOTE: EIS is the power level of a single instance of the reference measurement channel. This requirement shall
be met for each consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the
reference measurement channel each, except for one instance that might overlap one other instance to
cover the full SAN channel bandwidth.

NOTE 2: The requirements also apply to SAN that supports NB-10T operation in NTN NR in-band.

NOTE 3: EIS is the power level of a single instance of the reference measurement channel. This requirement shall
be met for a single instance of G-FR1-NTN-A1-10 mapped to the 24 NR resource blocks adjacent to the
NB-IoT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-1 mapped to
disjoint frequency ranges with a width of 25 resource blocks each.

NOTE 4: EIS is the power level of a single instance of the reference measurement channel. This requirement shall
be met for a single instance of G-FR1-NTN-A1-11 mapped to the 105 NR resource blocks adjacent to the
NB-1oT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-4 mapped to
disjoint frequency ranges with a width of 106 resource blocks each.

10.3  OTA reference sensitivity level

10.3.1 Definition and applicability

The OTA REFSENS requirement is adirectional requirement and is intended to ensure the minimum OTA reference
sengitivity level for a declared OTA REFSENS RoAOA. The OTA reference sensitivity power level El Srersens is the
minimum mean power received at the RIB at which areference performance requirement shall be met for a specified
reference measurement channel.

The OTA REFSENS requirement shall apply to each supported polarization, under the assumption of polarization
match.

10.3.2 Minimum requirement
For SAN type 1-O the minimum requirement isin TS 38.108 [2], clause 10.3.2.
For SAN type 2-O the minimum requirement isin TS 38.108 [2], clause 10.3.3.

10.3.3 Test Purpose

The test purpose is to verify that the SAN receiver can meet the throughput requirement for a specified measurement
channel at the El Srersens level and the range of angles of arrival within the OTA REFSENS RoAOA.
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10.3.4 Method of test

10.34.1 Initial conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier:
- B,MandT, seeclause4.9.1.
Directionsto be tested:
- OTA REFSENS receiver target reference direction (D.44),

- OTA REFSENS conformance test directions (D.45)

10.3.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.4.1.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Alignthe SAN with the test antennain the declared direction to be tested.

4) Ensure the polarization is accounted for such that all the power from the test antennais captured by the SAN
under test.

5) Configure the beam peak direction for the transmitter according to the declared reference beam direction pair for
the appropriate beam identifier.

6) Set the SAN to transmit beam(s) of the same operationa band as the OTA REFSENS RoA0A being tested
according to the appropriate test configuration in clauses 4.7 and 4.8.

7) Start the signal generator for the wanted signal to transmit:
- Thetest signal as specified in clause 10.3.5.

8) Set the test signal mean power so the calibrated radiated power at the SAN Antenna Array coordinate system
reference point is as specified in clause 10.3.5.

9) Measure the throughput according to annex A.1 for each supported polarization.

10) For SAN type 1-O declared to be capable of NB-10T operationin NTN NR in-band (D.60), measure throughput
according to annex A.14 of TS 36.181 [23].

11) Repeat steps 3 to 9 for all OTA REFSENS conformance test directions of the SAN (D.45) and supported
polarizations.

10.3.5 Test requirements

10.35.1 General

The El Srersens level isthe conducted REFSENS requirement value offset by Aorarersens. The test requirement is
calculated from the El Srersens level offset by the El Srersens Test Tolerance specified in clause 4.1.

10.3.5.2 Test requirements for SAN type 1-O

For each measured carrier, the throughput measured in step 9 of clause 10.3.4.2 shall be> 95 % of the maximum
throughput of the reference measurement channel as specified in annex A.1 with parameters specified in tables 10.3.5.2-
1and 10.3.5.2-2.

The reference sensitivity level requirements for NB-10T are specified in clause 10.3.2 of TS 36.181 [23].
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Table 10.3.5-1: SAN GEO class reference sensitivity levels

Sub-carrier Reference measurement channel OTA reference sensitivity
SAN channel ;
bandwidth (MHz) spacing (kHz) level, EISrersens
(dBm)

5, 10, 15 15 G-FR1-NTN-A1-1 (Note 1) -98.0 - AoTAREFSENS
G-FR1-NTN-A1-10 (Note 3) -98.0 - Aorarersens (Note 2)

10, 15 30 G-FR1-NTN-A1-2 (Note 1) -98.1 - AoTAREFSENS

10, 15 60 G-FR1-NTN-A1-3 (Note 1) -95.2 - AoTAREFSENS

20 15 G-FR1-NTN-A1-4 (Note 1) -91.6 - AoTAREFSENS
G-FR1-NTN-A1-11 (Note 4) -91.6 - Aotarersens (Note 2)

20 30 G-FR1-NTN-A1-5 (Note 1) -91.9 - AoTAREFSENS

20 60 G-FR1-NTN-A1-6 (Note 1) -92.0 - AoTAREFSENS

NOTE 1: ElSrersens is the power level of a single instance of the reference measurement channel. This requirement

shall be met for each consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the
reference measurement channel each, except for one instance that might overlap one other instance to cover

the full SAN channel bandwidth.

NOTE 2: The requirements apply to SAN that supports NB-lIoT operation in NTN NR in-band.
NOTE 3: Prersens is the power level of a single instance of the reference measurement channel. This requirement shall
be met for a single instance of G-FR1-NTN-A1-10 mapped to the 24 NR resource blocks adjacent to the NB-
IoT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-1 mapped to disjoint
frequency ranges with a width of 25 resource blocks each.
NOTE 4: Prersens is the power level of a single instance of the reference measurement channel. This requirement shall
be met for a single instance of G-FR1-NTN-A1-11 mapped to the 105 NR resource blocks adjacent to the NB-
IoT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-4 mapped to disjoint
frequency ranges with a width of 106 resource blocks each.
Table 10.3.5-2: SAN LEO class reference sensitivity levels
SAN channel Sub_-carrier Reference measurement channel OTA reference sensitivity
bandwidth (MHz) spacing (kHz) level, EISrersens
(dBm)
5,10, 15 15 G-FR1-NTN-A1-1 (Note 1) -101.1 - AOTAREFSENS
G-FR1-NTN-A1-10 (Note 3) -101.1 - Aotarersens (Note 2)
10, 15 30 G-FR1-NTN-A1-2 (Note 1) -101.2 - AoTAREFSENS
10, 15 60 G-FR1-NTN-A1-3 (Note 1) -98.3 - AoTAREFSENS
20 15 G-FR1-NTN-A1-4 (Note 1) -94.7 - AoTAREFSENS
G-FR1-NTN-A1-11 (Note 4) -94.7 - Norarersens (Note 2)
20 30 G-FR1-NTN-A1-5 (Note 1) -95.0 - AOTAREFSENS
20 60 G-FR1-NTN-A1-6 (Note 1) -95.1 - AoTAREFSENS
NOTE 1: ElSrersens is the power level of a single instance of the reference measurement channel. This requirement

NOTE 2:
NOTE 3:

NOTE 4:

shall be met for each consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the
reference measurement channel each, except for one instance that might overlap one other instance to cover

the full SAN channel bandwidth.

The requirements apply to SAN that supports NB-1oT operation in NTN NR in-band.

EISrersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of G-FR1-NTN-A1-10 mapped to the 24 NR resource blocks adjacent to the
NB-loT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-1 mapped to disjoint
frequency ranges with a width of 25 resource blocks each.
EISrersens is the power level of a single instance of the reference measurement channel. This requirement
shall be met for a single instance of G-FR1-NTN-A1-11 mapped to the 105 NR resource blocks adjacent to the
NB-loT PRB, and for each consecutive application of a single instance of G-FR1-NTN-A1-4 mapped to disjoint
frequency ranges with a width of 106 resource blocks each.

10.3.5.3

Test requirements for SAN type 2-O

The throughput shall be > 95% of the maximum throughput of the reference measurement channel as specified in the
corresponding table and annex A.1 when the OTA test signal is at the corresponding El Sgersens level and arrives from

any direction within the OTA REFSENS RoAOA.

El Srersens levels are derived from a single declared basis level El Srersens som, which is based on areference
measurement channel with 50 MHz SAN channel bandwidth. El Srersens som itself is not arequirement and althoughiit is
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based on a reference measurement channel with 50 MHz SAN channel bandwidth it does not imply that SAN hasto
support 50 MHz SAN channel bandwidth.

For GEO class SAN, ElSrersens som iS an integer value in the range [-140] to [-149] dBm. The specific valueis declared
by the manufacturer.

For LEO class SAN, ElSgersens som iS an integer value in the range [-120] to [-129] dBm. The specific value is declared
by the manufacturer.

Table 10.3.5.3-1: FR2-NTN OTA reference sensitivity requirement

SAN che}nnel Sub-ca}rrler Reference OTA reference sensitivity
bandwidth spacing measurement level EIS (dBm)
(MHz) (kHz) channel 1 SIOREFSENS
50, 100, 200 60 G-FR2-NTN-A1-1 EISrerFsens_som + 2.4 +
AFR2 REFSENS
50 120 G-FR2-NTN-A1-2 EISrersens_som + 2.4+
AFR2 REFSENS
100, 200, 400 120 G-FR2-NTN-A1-3 EISrersens som + 3+ 2.4+
AFR2 REFSENS

NOTE 1: ElSrersens is the power level of a single instance of the reference
measurement channel. This requirement shall be met for each consecutive
application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the
number of resource blocks of the reference measurement channel each,
except for one instance that might overlap one other instance to cover the
full SAN channel bandwidth.

NOTE 2: The declared EISrersens_som shall be within the range specified above.

10.4  OTA dynamic range

10.4.1 Definition and applicability

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 SAN channel bandwidth.

The requirement shall apply 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 each supported polarization, under the assumption of polarization match.

10.4.2 Minimum requirement

For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 10.4.2.

10.4.3 Test purpose

The test purpose isto verify that at the SAN receiver dynamic range, the relative throughput shall fulfil the specified
limit.

10.4.4 Method of test

10.4.4.1 Initial conditions
Test environment: Normal: see annex B.2.

RF channelsto be tested for single carrier: M; see clause 4.9.1.
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Directionsto be tested: OTA REFSENS receiver target reference direction (D.44).

10.4.4.2 Procedure

1)

2)
3)
4)

5)

6)

7)

8)

Place the SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.4.2.

Align the manufacturer declared coordinate system orientation of the SAN with the test system.
Align the SAN with the test antenna in the declared direction to be tested.

Ensure the polarization is accounted for such that all the power from the test antennais captured by the SAN
under test.

Configure the beam peak direction for the transmitter according to the declared reference beam direction pair for
the appropriate beam identifier.

For FDD operation, set the SAN to transmit beam(s) of the same operational band as the OTA REFSENS RoA0CA
being tested according to the appropriate test configuration in clauses 4.7 and 4.8.

Set the test signal mean power so that the calibrated radiated power at the SAN Antenna Array coordinate
system reference point is as follows:

a) Setthesigna generator for the wanted signal to transmit as specified in table 10.4.5.2-1 as well astable
10.4.5.2-1afor a SAN declared to be capable of NB-10T operationin NTN NR in-band (D.60).

b) Set the signal generator for the AWGN interfering signal at the same frequency as the wanted signal to
transmit as specified in table 10.4.5.2-1 as well astable 10.4.5.2-1afor a SAN declared to be capable of NB-
loT operationin NTN NR in-band (D.60).

M easure the throughput according to annex A.2 aswell asannex A.15 of TS 36.181 [23] for a SAN declared to
be capable of NB-10T operation in NTN NR in-band (D.60) for each supported polarization.

10.4.5 Test requirement

10.45.1 General

The test requirement is calculated from the OTA wanted signal mean power level offset by the OTA dynamic range
Test Tolerance specified in clause 4.1.

10.4.5.2 Test requirements for SAN type 1-O

For each measured carrier, the throughput measured in step 6 of clause 10.4.4.2 shall be > 95 % of the maximum
throughput of the reference measurement channel as specified in annex A.2 with parameters specified in tables 10.4.5.2-

1
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Table 10.4.5.2-1: SAN LEO class dynamic range

SAN channel Subcarrier Reference Wanted signal | Interfering signal Type of
bandwidth (MHz) | spacing (kHz) measurement mean power mean power interfering
channel (dBm) (dBm) / BWconfig signal
15 G-FR1-NTN-A2-1 -76.1- -88.2- AWGN
5 AOTAREFSENS AOTAREFSENS
30 G-FR1-NTN-A2-2 768 -
AOTAREFSENS
15 G-FR1-NTN-A2-1 -76.1- -85.0- AWGN
AOTAREFSENS AOTAREFSENS
10 30 G-FR1-NTN-A2-2 "76.8-
AOTAREFSENS
60 G-FR1-NTN-A2-3 738~
AOTAREFSENS
15 G-FR1-NTN-A2-1 -76.1- -83.2- AWGN
AOTAREFSENS AOTAREFSENS
15 30 G-FR1-NTN-A2-2 768 -
AOTAREFSENS
60 G-FR1-NTN-A2-3 738~
AOTAREFSENS
15 G-FR1-NTN-A2-4 -69.9- -81.9- AWGN
AOTAREFSENS AOTAREFSENS
20 30 G-FR1-NTN-A2-5 -69.9-
AOTAREFSENS
60 G-FR1-NTN-A2-6 702~
AOTAREFSENS

NOTE:

The wanted signal mean power is the power level of a single instance of the corresponding reference
measurement channel. This requirement shall be met for each consecutive application of a single instance
of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to
the number of resource blocks of the reference measurement channel each, except for one instance that
might overlap one other instance to cover the full SAN channel bandwidth.

Table 10.4.5.2-1a: SAN LEO class dynamic range for NB-loT operation in NTN NR in-band

SAN channel Reference Wanted signal Interfering signal Type of
bandwidth (MHz) measurement mean power mean power interfering
channel (dBm) (dBm) / BWconfig signal
5 88.2- AWGN
AOTAREFSENS
. -85.0 -
10 FRC A15-1in AWGN
. -89.1 - AOTAREFSENS
Annex A.15in A 830 -
15 TS 36.181 [23] OTAREFSENS : AWGN
AOTAREFSENS
20 81.9- AWGN
AOTAREFSENS
5 88.2- AWGN
AOTAREFSENS
. -85.0 -
10 FRC A15-2in AWGN
. -95.0 - AoTAREFSENS
Annex A.15in A 830 -
15 TS 36.181 [23] OTAREFSENS : AWGN
AOTAREFSENS
20 81.9- AWGN
AOTAREFSENS
NOTE: The wanted signal mean power is the power level of a single instance of the
corresponding reference measurement channel. This requirement shall be met for each
consecutive application of a single instance of the reference measurement channel
mapped to disjoint frequency ranges with a width corresponding to the number of
resource blocks of the reference measurement channel each, except for one instance
that might overlap one other instance to cover the full SAN channel bandwidth.

ETSI



3GPP TS 38.181 version 18.6.0 Release 18 151 ETSI TS 138 181 V18.6.0 (2025-07)

10.5 OTA in-band selectivity and blocking

10.5.1 OTA adjacent channel selectivity

10.5.1.1 Definition and applicability

OTA Adjacent channel selectivity (ACS) isameasure of the receiver's ability to receive an OTA wanted signal at its
assigned channel frequency in the presence of an OTA adjacent channel signal with a specified centre frequency offset
of the interfering signal to the band edge of a victim system. The wanted and interfering signals apply to each supported
polarization, under the assumption of polarization match.

10.5.1.2 Minimum requirement

For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 10.5.1.2.

For SAN type 2-O, the minimum requirement isin TS 38.108 [2], clause 10.5.1.3.

10.5.1.3 Test purpose

The test purpose is to verify the ability of the SAN receiver filter to suppress interfering signals in the channels adjacent
to the wanted channel.

10.5.1.4 Method of test

10.5.1.4.1 Initial conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier:
- M, seeclause 4.9.1.
SAN RF Bandwidth edge position to be tested for multi-carrier :
- Mgesw in single-band operation, see clause 4.9.1;
Directionsto be tested:
- For SAN type 1-O, receiver target reference direction (D.26),

- For SAN type 2-O, OTA REFSENS receiver target reference direction (D.44),

10.5.1.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.4.2.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Alignthe SAN with the test antenna in the declared direction to be tested.
4) Alignthe SAN so that the wanted signal and interferer signal is polarization matched with the test antenna(s).

5) Configure the beam peak direction for the transmitter according to the declared reference beam direction pair for
the appropriate beam identifier.

6) For FDD operation, set the SAN to transmit beam(s) of the same operational band as the OSDD or OTA
REFSENS RoA0A being tested according to the appropriate test configuration in clauses 4.7 and 4.8.

7) Set thetest signal mean power so that the calibrated radiated power at the SAN Antenna Array coordinate
system reference point is as follows:
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a) Setthesigna generator for the wanted signal to transmit as specified in table 10.5.1.5.2-1 for SAN type 1-O
and table 10.5.1.5.3-1 for SAN type 2-O.

b) Set the signal generator for the interfering signal at the adjacent channel frequency of the wanted signal to
transmit as specified in table 10.5.1.5.2-1 for SAN type 1-O and table 10.5.1.5.3-1 for SAN type 2-O.

8) Measure throughput according to annex A.1 aswell asannex A.14 of TS 36.181 [23] for a SAN declared to be
capable of NB-l10T operationin NTN NR in-band (D.60) for each supported polarization, for multi-carrier
operation the throughput shall be measured for relevant carriers specified by the test configuration specified in
clauses4.7.2 and 4.8.

10.5.1.5 Test requirement

10.5.1.5.1 General

The test requirement is calculated from the OTA wanted signal mean power level offset by the OTA ACS Test
Tolerance specified in clause 4.1.

10.5.1.5.2 Test requirements for SAN type 1-O

The requirement shall apply at the RIB when the AoA of the incident wave of areceived signal and the interfering
signal are from the same direction, and the AoA of the incident wave of areceived signal and the interfering signal are
within the minSENS RoAoA.

The wanted and interfering signals apply to each supported polarization, under the assumption of polarization match.
The throughput shall be > 95% of the maximum throughput of the reference measurement channel.

For FR1, the OTA wanted and the interfering signal are specified in table 10.5.1.5.2-1 and table 10.5.1.5.2-2 for ACS.
The reference measurement channel for the OTA wanted signal isidentified in clause 10.5.1.2 and is further specified in
annex A.1l. The characteristics of the interfering signal is further specified in TS 38.108 [2] annex C.

For SAN supporting NB-10T operationin NTN NR in-band, the wanted and the interfering signal coupled to the SAN
type 1-H antenna connector are specified in table 10.5.1.5.2-1 and the frequency offset between the wanted and
interfering signal in table 10.5.1.5.2-2 for ACS. The reference measurement channel for the NB-10T wanted signdl is
identified in clause 7.2.5 of TS 36.181 [23]. The characteristics of the interfering signal is further specified in annex E.

The OTA ACS requirement is applicable outside the SAN RF Bandwidth or Radio Bandwidth. The OTA interfering
signal offset is defined relative to the SAN RF Bandwidth edges or Radio Bandwidth edges.

Table 10.5.1.5.2-1: OTA ACS requirement for SAN type 1-O

SAN channel bandwidth Wanted signal Interfering signal mean power
of the lowest/highest mean power (dBm)
carrier received (MHz) (dBm)
(NOTE 2)
5, 10, 15, 20 (NOTE 1) , LEO SAN class: -60 — Aminsens
ElSmnsens + 6 dB | GEG SAN class: -57 — Aminsens

NOTE 1: The SCS for the lowest/highest carrier received is the lowest SCS supported
by the SAN for that bandwidth
NOTE 2: ElSminsens depends on the SAN channel bandwidth
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Table 10.5.1.5.2-2: OTA ACS interferer frequency offset for SAN type 1-O

SAN channel
bandwidth of the
lowest/highest
carrier received

Interfering signal centre
frequency offset from the
lower/upper Base Station

RF Bandwidth edge or sub-

Type of interfering signal

(MHz) block edge inside a sub-
block gap (MHz)
5 +2.5025 5 MHz CP-OFDM NR signal,
10 +2.5075 15 kHz SCS, 25 RBs
15 +2.5125
20 +2.5025

10.5.1.5.3 Test requirements for SAN type 2-O

The requirement shall apply 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 each supported polarization, under the assumption of polarization match.
The throughput shall be > 95% of the maximum throughput of the reference measurement channel.

For FR2-NTN, the OTA wanted and the interfering signal are specified in table 10.5.1.5.3-1 and table 10.5.1.5.3-2 for
OTA ACS. The reference measurement channel for the OTA wanted signal is further specified in annex A.1. The
characteristics of the interfering signal is further specified in annex D.

The OTA ACS requirement is applicable outside the SAN RF Bandwidth. The OTA interfering signal offset is defined
relative to the SAN RF Bandwidth edges.

For RIBs supporting operation in non-contiguous spectrum within any operating band, the OTA ACS requirement shall
apply in addition inside any sub-block gap, in case the sub-block gap sizeis at least as wide as the NR interfering signal
intable 10.5.1.5.3-2. The OTA interfering signal offset is defined relative to the sub-block edges inside the sub-block

gap.

Table 10.5.1.5.3-1: OTA ACS requirement for SAN type 2-O

SAN channel
bandwidth of the
lowest/highest

Wanted signal
mean power
(dBm)

Interfering signal mean power
(dBm)

carrier received
(MHz)
50, 100, 200, 400

EISrerFsens + 6 dB
(Note 3)

SAN LEO class,EISrersens_som +
27.7+ AFr2_REFSENS
SAN GEO class,EISrersens som + 21.7

+ AFR2 REFSENS
NOTE 3: EISrersens is given in TS38.108 [2], clause 10.3.3

Table 10.5.1.5.3-2: OTA ACS interferer frequency offset for SAN type 2-O

SAN channel
bandwidth of the
lowest/highest
carrier received

Interfering signal centre
frequency offset from the
lower/upper SAN RF
Bandwidth edge or sub-

Type of interfering signal

(MHz) block edge inside a sub-
block gap (MHz)
50 +24.29
100 +24.31 50 MHz DFT-s-OFDM NR
200 +24.29 signal,60 kHz SCS, 64 RBs
400 +24.31
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10.5.2 OTA in-band blocking

The requirement is not applicable in this version of the specification.

10.6  OTA out-of-band blocking

10.6.1 Definition and applicability

The OTA out-of-band blocking characteristics are a measure of the receiver unit ability to receive a wanted signal at the
RIB at its assigned channel in the presence of an unwanted interferer.

For the general OTA out-of-band blocking the requirement applies to the wanted signal for each supported polarization,
under the assumption of polarization match. The interferer shall be polarization matched for in-band frequencies and
the polarization maintained for out-of-band frequencies.

10.6.2 Minimum requirement

The minimum requirement for SAN type 1-O isdefined in TS 38.108 [ 2], clause 10.6.2.

The minimum requirement for SAN type 2-O is defined in TS 38.108 [2], clause 10.6.3.

10.6.3 Test purpose

The test stresses the ability of the receiver unit associated with the RIB under test to withstand high-level interference
from unwanted signals at specified frequency bands, without undue degradation of its sensitivity.

10.6.4 Method of test

10.6.4.1 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier (SC): M; see clause 4.9.1.
SAN RF bandwidth positions to be tested for multi-carrier (MC): Mgresw in single-band RIB, see clause 4.9.1.
Directionsto be tested:
- For SAN type 1-O, receiver target reference direction (D.26).

- For SAN type 2-O, OTA REFSENS receiver target reference direction (D.44).

10.6.4.2 Procedure
1) Place SAN and the test antenna(s) according to annex D.4.3.
2) Align the SAN and test antenna(s) according to the directions to be tested.
3) Connect test antenna(s) to the measurement equipment as shown in annex D.4.3.

4) The test antenna(s) shall be dual (or single) polarized covering the same frequency ranges as the SAN and the
blocking frequencies. If the test antenna does not cover both the wanted and interfering signal frequencies,
Separate test antennas for the wanted and interfering signal are required.

5) The OTA blocking interferer isinjected into the test antenna, with the blocking interferer producing specified
interferer field strength level for each supported polarization. The interferer shall be polarization matched in-
band and the polarization maintained for out-of-band frequencies.
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6) Generate the wanted signal in receiver target reference direction, according to the applicable test configuration
(see clause 4.8) using applicable reference measurement channel to the RIB, according to annex A.1.

7) For FDD operation, configure the beam peak direction for the transmitter units associated with the RIB under
test according to the declared reference beam direction pair for the appropriate beam identifier with the carrier
set-up and power alocation according to the applicable test configuration(s) (see clause 4.8). The transmitter
may be turned OFF for the out-of-band blocker tests when the frequency of the blocker is such that no IM2 or
IM3 products fall inside the bandwidth of the wanted signal.

8) Adjust the signal generators to the type of interfering signals, levels and the frequency offsets as specified for
genera test requirements in table 10.6.5-1. The distance between the test object and test antennainjecting the
interferer signal is adjusted when necessary to ensure specified interferer signal level to be received.

9) The CW interfering signal shall be swept with a step size of 1 MHz within the frequency range specified in
clause 10.6.5.

10) M easure the performance of the wanted signal at the receiver unit associated with the RIB, as defined in the
clause 10.6.5, for the relevant carriers specified by the test configuration in clause 4.7 and 4.8.

11) Repeat for al supported polarizations.

10.6.5 Test requirements for SAN type 1-O

The requirement shall apply at the RIB when the AoA of the incident wave of the received signal and the interfering
signal are from the same direction and are within the minSENS RoA0A.

The wanted signal appliesto each supported polarization, under the assumption of polarization match.

For OTA wanted and OTA interfering signals provided at the RIB using the parametersin table 10.6.5-1, the following
requirements shall be met:

- Thethroughput shall be> 95% of the maximum throughput of the reference measurement channel. The
reference measurement channel for the OTA wanted signal isidentified in clause 10.3.2 for each SAN channel
bandwidth and further specified in annex A.1.

- For NB-loT operation in NR in-band, the throughput shall be > 95% of the maximum throughput of the
reference measurement channel. The reference measurement channel for the OTA NB-10T wanted signal is
identified in clause 10.3.2 for each SAN channel bandwidth and further specified in annex A.1.

For SAN type 1-O the OTA out-of-band blocking requirement apply from 30 MHz to Fu jow - Afoos and from Fuyc nigh +
Afoos up to 12750 MHz, including the downlink frequency range of the SAN operating band. The Afoos for SAN type
1-Oisdefined in table 10.6.5-2.

Table 10.6.5-1: OTA out-of-band blocking performance requirement

Wanted signal mean power (dBm) Interfering signal RMS field-strength Type of interfering signal
(VIim)
ElSminsens + 6 dB 0.0029 CW carrier
(NOTE 1) (NOTE 2)

NOTE 1: ElSminsens depends on the channel bandwidth as specified in clause 10.2.
NOTE 2: The RMS field-strength level in V/m is related to the interferer EIRP level at a distance described as

V3EIRF

r

NOTE 3: For SAN supporting in-band NB-IoT operation, up to 24 exceptions are allowed for spurious response
frequencies in each wanted signal frequency when measured using a 1MHz step size. For these
exceptions the above throughput requirement shall be met when the blocking signal is set to a level of
0.0103 V/m for 3.75 kHz subcarrier spacing. In addition, each group of exceptions shall not exceed three
contiguous measurements using a 1 MHz step size.

E= , where EIRP isin W and ris in m.
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Table 10.6.5-2: Afoos Offset for satellite operating bands

SAN type Operating band characteristics Afoos (MHz)
SAN type 1-O | Futhigh — FuLjow <100 MHz 20

10.6.6 Test requirements for SAN type 2-O

The requirement shall apply at the RIB when the AoA of the incident wave of the received signal and the interfering
signal are from the same direction and are within the OTA REFSENS RoAOA.

The wanted signal applies to each supported polarization, under the assumption of polarization match. The interferer
shall be polarization matched in-band and the polarization maintained for out-of-band frequencies.

For SAN type 2-O the OTA out-of-band blocking requirement apply from 30 MHz to Fui jow —Afoos and from Fup nign
+Afoos Up to 2™ harmonic of the upper frequency edge of the operating band.The Afoos for SAN type 2-O is defined in
table 10.6.6-2.

For OTA wanted and OTA interfering signals provided at the RIB using the parametersin table 10.6.6-1, the following
requirements shall be met:

- Thethroughput shall be> 95% of the maximum throughput of the reference measurement channel. The
reference measurement channel for the OTA wanted signal isidentified in clause 10.3.3 for each SAN channel
bandwidth and further specified in annex A.1.

Table 10.6.6-1: OTA out-of-band blocking performance requirement

Frequency range of Wanted signal Interferer RMS field- Type of interfering signal
interfering signal mean power strength
(MHz) (dBm) (VIm)
12750 to Fut,low —Afoos EISrersens + 6 dB 0.0029 CW
FuL high +Afoos to 2™ harmonic EISrersens + 6 dB 0.0029 CcwW
of the upper frequency edge of
the operating band

Table 10.6.6-2: Afoos offset for satellite operating bands

SAN type Operating band characteristics Afoos (MHZ)
SAN type 2-O | Fuligh — FuLjow < 4000 MHz 1500

10.7  OTA receiver spurious emissions

The requirement is not applicable in this version of the specification.

10.8 OTA receiver intermodulation

The requirement is not applicable in this version of the specification.

10.9 OTA in-channel selectivity

10.9.1 Definition and applicability

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block
locations in the presence of an interfering signal received at alarger power spectral density. In this condition a
throughput requirement shall be met for a specified reference measurement channel. Theinterfering signal shall be an
NR signal as specified in annex E and shall be time aligned with the wanted signal.
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10.9.2 Minimum requirement

The minimum requirement for SAN type 1-O isin TS 38.108 [2], clause 10.9.2.

The minimum requirement for SAN type 2-O isin TS 38.108 [2], clause 10.9.3.

10.9.3 Test purpose

The purpose of thistest isto verify the SAN receiver ability to suppressthe 1Q leakage.

10.9.4 Method of test

109.4.1 Initial conditions

Test environment: Normal, see annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.

Directions to be tested:

For SAN type 1-O, receiver target reference direction (D.26),

For SAN type 2-O, OTA REFSENS receiver target reference direction (D.44).

10.9.4.2 Procedure

1)

2)
3)
4)
5)

6)

7)

Place the SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.4.2.

Align the manufacturer declared coordinate system orientation of the SAN with the test system.
Align the SAN with the test antennain the declared direction to be tested.
Align the SAN to that the wanted signal and interferer signal is polarization matched with the test antenna(s).

Configure the beam peak direction for the transmitter according to the declared reference beam direction pair for
the appropriate beam identifier.

For FDD operation, set the SAN to transmit beam(s) of the same operational band as the OTA REFSENS RoA0A
or OSDD being tested according to the appropriate test configuration in clauses 4.7 and 4.8.

Set the test signal mean power so the calibrated radiated power at the SAN Antenna Array coordinate system
reference point is as specified as follows:

a) Adjust the signal generator for the wanted signal as specified in:

For SAN type 1-O, table 10.9.5.1-1 for SAN GEO class, in table 10.9.5.1-2 for SAN LEO class on one side of
the Fc.

For SAN type 1-O declared to be capable of NB-10T operation in NTN NR in-band (D.60), table 10.9.5.1-1a
for SAN GEO class, in table 10.9.5.1-2afor SAN LEO class on one side of the Fc.

For SAN type 2-O, table 10.9.5.2-1 on one side of the Fc.
b) Adjust the signal generator for the interfering signal as specified in:

For SAN type 1-O, table 10.9.5.1-1 for SAN GEO class, in table 10.9.5.1-2 for SAN LEO class at opposite
side of the F¢ and adjacent to the wanted signal.

For SAN type 1-O declared to be capable of NB-10T operationin NTN NR in-band (D.60), table 10.9.5.1-1a
for SAN GEO class, in table 10.9.5.1-2afor SAN LEO class at opposite side of the Fc and adjacent to the
wanted signal.

For SAN type 2-O, table 10.9.5.2-1 at opposite side of the F¢ and adjacent to the wanted signal .
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8) Measure throughput according to annex A.1 aswell asannex A.14 of TS 36.181 [23] for a SAN declared to be
capable of NB-10T operation in NTN NR in-band (D.60) for each supported polarization.

9) Repeat the measurement with the wanted signal on the other side of the F¢, and the interfering signal at opposite
side of the F¢c and adjacent to the wanted signal.

10) Repeat for al the specified measurement directions and supported polarizations.

10.9.5 Test requirement

10.9.5.1  SAN type 1-O

The requirement shall apply at the RIB when the AoA of the incident wave of the received signal and the interfering
signal are the same direction and are within the minSENS RoA0A

The wanted and interfering signals applies to each supported polarization, under the assumption of polarization match.
For awanted and an interfering signal coupled to the RIB, the following requirements shall be met:

- For SAN type 1-O, the throughput shall be > 95% of the maximum throughput of the reference measurement
channel as specified in annex A.1 with parameters specified in table 10.9.5.1-1 for SAN GEO class, in table
10.9.5.1-2 for SAN LEO class.

- For SAN type 1-O supporting NB-1oT operationin NTN NR in-band, the throughput shall be > 95% of the
maximum throughput of the reference measurement channel as specified in annex A of TS 36.181 [23] with
parameters specified in table 10.9.5.1-1afor SAN GEO class, in table 10.9.5.1-2afor SAN LEO class.

Table 10.9.5.1-1: SAN GEO class ICS requirement

SAN channel Subcarrier Reference Wanted Interfering Type of interfering
bandwidth (MHz) spacing (kHz) | measurement signal signal mean signal
channel mean power (dBm)
power
(dBm)
DFT-s-OFDM NR
5 15 G'Fﬁ:';m\" A'9_6'5 ) A-gg.o ) signal, 15 kHz SCS,
minSENS minSENS 10 RBs
DFT-s-OFDM NR
10,15,20 15 G'FiiZTTN‘ A'94'6 ) A'SS'l ) signal, 15 kHz SCS,
mMiNSENS mMIiNSENS 25 RBs
DFT-s-OFDM NR
5 30 G'Fiizgm' A'9_7'2 - A-gg.o - signal, 30 kHz SCS,
minSENS minSENS 5 RBs
DFT-s-OFDM NR
10,15,20 30 G'Fiizz‘m' A'9,4'7 - A'89'0 - signal, 30 kHz SCS,
mMiNSENS mMIiNSENS 10 RBs
DFT-s-OFDM NR
10,15,20 60 G-FRL-NTN- -94.1- -89.0 - signal, 60 kHz SCS,
Al-9 Aminsens Aminsens 5 RBs

NOTE: Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for SAN channel
bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer
signal shall be centred in the SAN channel bandwidth of the wanted signal.
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Table 10.9.5.1-1a: SAN GEO class ICS requirement for NB-loT operation in NR in-band

SAN channel Subcarrier Reference Wanted Interfering Type of interfering
bandwidth (MHz) spacing (kHz) [ measurement signal signal mean signal
channel mean power (dBm)
power
(dBm)
FRC Al14-1in DFT-s-OFDM NR
5 15 Annex A.14 in 'A12_0'5 ) A-gg.o ) signal, 15 kHz SCS,
TS 36.181 [23] mNSENS mInSENS 10 RBs
881 - DFT-s-OFDM NR
10,15,20 A ) signal, 15 kHz SCS,
minSENS 25 RBs
FRC A14-2in DFT-s-OFDM NR
5 15 Annex A.14 in 'A12_6'5 ) A-gg.o ) signal, 15 kHz SCS,
TS 36.181 [23] minSENS minSENS 10 RBs
88.1- DFT-s-OFDM NR
10,15,20 A ) signal, 15 kHz SCS,
minSENS 25 RBs
NOTE: Interfering signal is placed in one side of the Fc, while the NB-loT PRB is placed on the other side. Both
interfering signal and NB-loT PRB are placed at the middle of the available PRB locations. The wanted NB-
10T tone is placed at the centre of this NB-1oT PRB.
Table 10.9.5.1-2: SAN LEO class ICS requirement
SAN channel Subcarrier Reference Wanted Interfering Type of interfering
bandwidth (MHz) spacing (kHz) | measurement signal signal mean signal
channel mean power (dBm)
power
(dBm)
DFT-s-OFDM NR
5 15 G'Fiiz';‘m' A'9_9'6 - A'8_3'1 - signal, 15 kHz SCS,
minSENS minSENS 10 RBs
DFT-s-OFDM NR
10,15,20 15 GRRUIMN | e o2 signal, 15 kHz SCS,
mIinSENS minSENS 25 RBs
DFT-s-OFDM NR
5 30 G'Fiizgm' 'A190'3 - A'8_3'1 - signal, 30 kHz SCS,
minSENS minSENS 5 RBs
DFT-s-OFDM NR
10,15,20 30 CFRRIDTN | ree 2201 signal, 30 kHz SCS,
mIinSENS mIinSENS 10 RBs
DFT-s-OFDM NR
10,15,20 60 G-FRI-NTN- 97.2- -80.1- signal, 60 kHz SCS,
Al-9 Aminsens Aminsens 5 RBs

NOTE:

Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for SAN channel
bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer
signal shall be centred in the SAN channel bandwidth of the wanted signal.
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Table 10.9.5.1-2a: SAN LEO class ICS requirement for NB-loT operation in NR in-band

SAN channel Subcarrier Reference Wanted Interfering Type of interfering
bandwidth (MHz) spacing (kHz) | measurement signal signal mean signal
channel mean power (dBm)
power
(dBm)
FRC Al4-1in DFT-s-OFDM NR
5 15 Annex A.14 in 'A12_3'6 ) A'8_3'1 ) signal, 15 kHz SCS,
TS 36.181 [23] MInSENS MInSENS 10 RBs
792 - DFT-s-OFDM NR
10,15,20 A ) signal, 15 kHz SCS,
minSENS 25 RBs
FRC Al14-2in DFT-s-OFDM NR
5 15 Annex A.14 in 'A12_9'6 ) A'8_3'1 ) signal, 15 kHz SCS,
TS 36.181 [23] MInSENS MInSENS 10 RBs
792 - DFT-s-OFDM NR
10,15,20 A ) signal, 15 kHz SCS,
minSENS 25 RBs
NOTE: Interfering signal is placed in one side of the Fc, while the NB-loT PRB is placed on the other side. Both
interfering signal and NB-loT PRB are placed at the middle of the available PRB locations. The wanted NB-
10T tone is placed at the centre of this NB-1oT PRB.
10.9.5.2 SAN type 2-O

The requirement shall apply at the RIB when the AoA of the incident wave of the received signal and the interfering
signal are from the same direction and are within the OTA REFSENS RoA0A.

The wanted and interfering signals applies to each supported polarization, under the assumption of polarization match.

For SAN type 2-O, the throughput shall be > 95% of the maximum throughput of the reference measurement channel as
specified in annex A.1 with parameters specified in table 10.9.5.2-1.

Table 10.9.5.2-1: OTA in-channel selectivity requirement for SAN type 2-O

SAN channel | Subcarrier Reference Wanted signal Interfering Type of interfering
bandwidth spacing measurement mean power signal mean signal
(MHz) (kHz) channel (dBm) power (dBm)
(Note 2) (Note 2)
EIS + EISrersens_som+ | DFT-s-OFDM NR signal,
50 60 G-FR2-NTN-A1-4 REFSENS_50M 10 + 60 kHz SCS,
AFR2_REFSENS
AFR2 REFSENS 32 RB
EIS + EISrersens_som+ | DFT-s-OFDM NR signal,
100,200 60 G-FR2-NTN-A1-1 REFSENS_50M 13 + 60 kHz SCS,
3+ AFRr2_REFSENS
AFR2 REFSENS 64 RB
EIS + EISreFseNs som + DFT-s-OFDM NR signal,
50 120 G-FR2-NTN-A1-5 REFSENS_50M 10 + 120 kHz SCS,
AFR2_REFSENS
ArR2_REFSENS 16 RB
EIS + EISrersens_som+ | DFT-s-OFDM NR signal,
100,200,400 120 G-FR2-NTN-A1-2 REFSENS_50M 13 + 120 kHz SCS,
3+ AFRr2_REFSENS
AFR2 REFSENS 32 RB
NOTE 1: Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for SAN channel
bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer
signal shall be centred in the SAN channel bandwidth of the wanted signal.
NOTE 2: EISrersens_som is defined in TS38.108 [2], clause 10.3.3.
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11 Radiated performance requirements

11.1 General

11.1.1 Scope and definitions

Radiated performance requirements specify the ability of the SAN type 1-O or SAN type 2-O to correctly transmit and
receive radiated signals in various conditions and configurations. Radiated performance requirements are specified at
the RIB.

Radiated performance requirements for the SAN are specified for the fixed reference channels defined in TS 38.108 [2]
annex A and for the propagation conditions defined in Recommendation I TU-R P.618 (Propagation data and
prediction methods required for the design of Earth-space telecommunication systems). The requirements only apply to
those FRCs that are supported by the SAN.

The radiated performance requirements for SAN type 1-O and for SAN type 2-O are limited to two OTA demodulation
branches as described in clause 11.1.2. Conformance reguirements can only be tested for 1 or 2 demodulation branches
depending on the number of polarizations supported by the SAN, with the required SNR applied separately per
polarization.

Unless stated otherwise, radiated performance requirements apply for asingle carrier only. Radiated performance
requirements for a SAN supporting carrier aggregation are defined in terms of single carrier requirements.

For SAN type 1-O in FDD operation the requirements in clause 8 shall be met with the transmitter units associated with
the RIB in the operating band turned ON.

NOTE 1: SAN type 1-O in normal operating conditionsin FDD operation is configured to transmit and receive at
the same time. The transmitter unit(s) associated with the RIB may be OFF for some of the tests.

In tests performed with signal generators a synchronization signal may be provided from the SAN to the signal
generator, to enable correct timing of the wanted signal.

Whenever the "RX antennas' term is used for the radiated performance requirements description, it shall refer to the
demodulation branches (i.e. not physical antennas of the antenna array).

The SNR used in this clause is specified based on asingle carrier and defined as:
SNR=S/N
Where:
S isthetotal signal power inaslot on aRIB.
N isthe noise density integrated in a bandwidth corresponding to the transmission bandwidth over the duration

where signal energy existson aRIB.

11.1.2 OTA demodulation branches

Radiated performance requirements are only specified for up to 2 demodulation branches.

If the SAN type 1-O or the SAN type 2-O uses polarization diversity and has the ability to maintain isolation between the
signals for each of the demodulation branches, then radiated performance requirements can be tested for up to two
demodulation branches (i.e. 1RX or 2RX test setups). When tested for two demodulation branches, each demodulation
branch maps to one polarization.

If the SAN type 1-O or the SAN type 2-O does not use polarization diversity then radiated performance requirements can
only be tested for a single demodulation branch (i.e. 1RX test setup).
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11.1.3 Applicability rule

11.1.3.1 General

Unless otherwise stated, for a SAN declared to support more than 2 demodulation branches (for SAN type 1-O and SAN
type 2-0), the performance requirement tests for 2 demodulation branches shall apply, and the mapping between
connectors and demodulation branchesis up to SAN implementation.

The tests requiring more than [20] dB SNR level are set to N/A in the test requirements.
11.1.3.2 Applicability of PUSCH performance requirements

11.1.3.2.1 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, PUSCH requirement tests shall apply only for each subcarrier spacing declared to be supported
(see D.7 intable 4.6-1).

11.1.3.2.2 Applicability of requirements for different channel bandwidths

For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply
only if the SAN supportsit (see D.7 in table 4.6-1).

Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest
supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth,
the tests shall be done by using performance reguirement for the closest channel bandwidth lower than this widest
supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.

11.1.3.2.3 Applicability of requirements for different configurations

Unless otherwise stated, for SAN type 1-O, PUSCH requirement tests shall apply only for the mapping type declared to
be supported (see D.100 in table 4.6-1). If both mapping type A and type B are declared to be supported, the tests shall
be done for either type A or type B; the same chosen mapping type shall then be used for all tests.

11.1.3.2.4 Applicability of PUSCH repetition type A requirements

Unless otherwise stated, PUSCH repetition type A requirements shall apply only for a SAN type 1-O declaring support
of low spectral efficiency MCS index table 3 and PUSCH repetition type A (see D.106 and D.107 in table 4.6-1).

11.1.3.3 Applicability of PUCCH performance requirements

11.1.33.1 Applicability of requirements for different formats

Unless otherwise stated, PUCCH reguirement tests shall apply only for each PUCCH format declared to be supported
(see D.101 intable 4.6-1).

11.1.3.3.2 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, PUCCH requirement tests shall apply only for each subcarrier spacing declared to be supported
(see D.7 intable 4.6-1).

11.1.3.3.3 Applicability of requirements for different channel bandwidths

For each subcarrier spacing declared to be supported by the SAN, the test requirements for a specific channel bandwidth
shall apply only if the SAN supportsit (see D.7 in table 4.6-1).

Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest
supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth,
the tests shall be done by using performance reguirement for the closest channel bandwidth lower than this widest
supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.
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11.1.3.34 Applicability of requirements for different configurations

Unless otherwise stated, PUCCH format 3 requirement tests shall apply only for the additional DM-RS configuration
declared to be supported (see D.103 in table 4.6-1). If both options (without and with additional DM-RS) are declared to
be supported, the tests shall be done for either without or with additional DM-RS; the same chosen option shall then be
used for all tests.

Unless otherwise stated, PUCCH format 4 requirement tests shall apply only for the additional DM-RS configuration
declared to be supported (see D.104 in table 4.6-1). If both options (without and with additional DM-RS) are declared to
be supported, the tests shall be done for either without or with additional DM-RS; the same chosen option shall then be
used for all tests.

11.1.3.35 Applicability of requirements for multi-slot PUCCH

Unless otherwise stated, multi-slot PUCCH requirement tests shall apply only if the SAN supportsit (see D.105 in table
4.6-1).

11.1.34 Applicability of PRACH performance requirements

11.1.34.1 Applicability of requirements for different formats

Unless otherwise stated, PRACH reguirement tests shall apply only for each PRACH format declared to be supported
(see D.102 in table 4.6-1).

11.1.3.4.2 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, for each PRACH format with short sequence declared to be supported, for each FR, the tests
shall apply only for the smallest supported subcarrier spacing in the FR (see D.102 in table 4.6-1).

11.1.3.4.3 Applicability of requirements for different channel bandwidths

Unless otherwise stated, for the subcarrier spacing to be tested, the test requirements shall apply only for anyone
channel bandwidth declared to be supported (see D.7 intable 4.6-1).

11.1.3.5 Applicability of performance requirements for PUSCH with DM-RS bundling

11.1.35.1 Applicability of requirements for different subcarrier spacings

Unless otherwise stated, PUSCH with DM-RS bundling requirement tests shall apply only for each subcarrier spacings
declared to be supported (see D.108 in table 4.6-1).

11.1.3.5.2 Applicability of requirements for different receiver antenna connectors

Unless otherwise stated, for a SAN supporting different numbers of TAB connectors (for SAN type 1-O) (see D.37 in
table 4.6-1), the PUSCH with DM-RS bundling performance tests with low MIMO correlation level shall apply only for
the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer
declaration.
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11.2  OTA performance requirements for PUSCH

11.2.1 Performance requirements for PUSCH with transform precoding
disabled

11.2.1.1 Definition and applicability

The performance requirement of PUSCH is determined by a minimum required throughput for agiven SNR. The
required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance
reguirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.2.1.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.2.1.1.
For SAN type 2-O, the minimum requirement isin TS 38.108 [2], clause 11.2.2.1.

11.2.1.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a
given SNR.

11.2.1.4 Method of test

11.2.1.4.1 Initial Conditions
Test environment:  Normal, see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.2.1.4.2 Procedure

1) Place the SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A, and according to additional test parameterslisted in table 11.2.1.4.2-1.
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Table 11.2.1.4.2-1: Test parameters for testing PUSCH

Parameter Value
Transform precoding SAN type 1-O | SAN type 2-O
Maximum number of HARQ 4
HARQ transmissions
RV sequence 0,2,3,1
DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position posl
Number of DM-RS CDM group(s) 5
DM-RS without data
Ratio of PUSCH EPRE to DM-RS 3dB
EPRE
DM-RS port {0}
DM-RS sequence generation Nip®=0, nscip =0
Time domain resource PUSCH mapping type AB | B
assignment Start symbol 0
Allocation length 14 | 10
Frequency domain resource RB assignment Full applicable test bandwidth
assignment Frequency hopping Disabled
Code block group based PUSCH transmission Disabled
z;zﬁgunen:gﬁtdomaln resource RB assignment N.A. Disabled
Frequency hopping N.A. Disabled

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

7) Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.2.1.5 and clause 11.2.1.6 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the
SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.2.1.4.2-2.

Table 11.2.1.4.2-2: AWGN power level at the SAN input

SAN type Sub-carrier Channel bandwidth AWGN power level
spacing (kHz) (MHz)

1-0 15 5 -86.5 - Aorarersens dBm / 4.5 MHz
(Note 2) 30 10 -83.6 - Aotarersens dBm / 8.64 MHz
2-O (Note 5) 120 50 ElSrersens som + AFrR2 REFSENS + 15 dBm /

46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.

NOTE 3: Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction (as

declared in D.43 in table 4.6-1) is used for testing.
NOTE 4: EISrersens_som as declared in D.53 in table 4.6-1.

NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.

8) For reference channels applicable to the SAN, measure the throughput.
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The throughput measured according to clause 11.2.1.4.2 shall not be below the limits for the SNR levels specified in
table11.2.1.5.1-1t0 11.2.1.5.1-4.

Table 11.2.1.5.1-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Propagation . Addition
Number of Number c.)f Cyclic conditions and Fractllon of FRC al DM- SNR
X demodulation refix correlation maximum (annex A) RS (dB)
antennas branches P - throughput -
matrix (Annex G) position
NTN-TDLA100- o
) Normal 200 Low 70 % G-FR1-NTN-A3-1 posl 3.8
Normal NTN'TEOLVSS'ZOO 70 % G-FR1-NTN-A3-1 posl 2.2
1
Normal | NTN-TDLAL00- 70 % G-FR1-NTN-A3-1 posi -0.1
2 200 Low
Normal | NTNTPLES-200 70% G-FRI-NTN-A3-1 | posl | -0.6

Table 11.2.1.5.1-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz
channel bandwidth, 30 kHz SCS in FR1-NTN

Propagation . Addition
Numberof | Numberof | o .o | conditions and | Traction of FRC alDM- | SNR
X demodulation . - maximum
prefix correlation (annex A) RS (dB)
antennas branches - throughput -
matrix (Annex G) position
NTN-TDLA100- 0
) Normal 200 Low 70 % G-FR1-NTN-A3-2 posl 3.5
Normal | NTN-TDLES-200 70 % G-FRI-NTN-A3-2 | posl | 2.0
1
Normal | NTN-TDLAL00- 70 % G-FRI-NTN-A3-2 | posl | -0.4
5 200 Low
Normal NTN'TEOLVSS'ZOO 70% G-FR1-NTN-A3-2 posl -0.8

Table 11.2.1.5.1-3: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Propagation Addition
Number of Number of . conditions and Fraction of
. Cyclic . . FRC al DM- SNR
TX demodulatio refix correlation maximum (annex A) RS (dB)
antennas n branches P matrix (Annex throughput -
) position
Normal | NTN-TDLAL00- 70 % G-FR1-NTN-A3-1 pos1 3.9
1 200 Low
Normal | NTN-TDLCS- 70 % G-FR1-NTN-A3-1 pos1 2.2
1 200 Low
Normal | NTN-TDLAL0O- 70 % G-FR1-NTN-A3-1 posi 0.0
5 200 Low
Normal | NTN-TDLCS- 70% G-FR1-NTN-A3-1 pos1 06
200 Low
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Table 11.2.1.5.1-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz
channel bandwidth, 30 kHz SCS in FR1-NTN

Propagation . Addition
Number of Number Qf Cyclic conditions and Fractllon of FRC al DM- SNR
X demodulation refix correlation maximum (annex A) RS (dB)
antennas branches P - throughput -
matrix (Annex G) position
Normal | NTN-TDLAL0O- 70 % G-FR1-NTN-A3-2 | posl 35
1 200 Low
Normal NTN'TEOLVSS'ZOO 70 % G-FR1-NTN-A3-2 posi 1.9
1
Normal NTN-TDLA100- 70 % G-FR1-NTN-A3-2 posi -0.4
> 200 Low
Normal | NTNTPLCS-200 70% G-FRI-NTN-A3-2 | posl | -0.8
11.2.1.5.2 Test requirement for SAN type 2-O

The throughput measured according to clause 11.2.1.4.2 shall not be below the limits for the SNR levels specified in
table 11.2.1.5.2-1.

Table 11.2.1.5.2-1: Test requirements for PUSCH with 70% of maximum throughput, 50 MHz Channel
Bandwidth, 120 kHz SCS in FR2-NTN

Propagation . .
NumTl:;(er ° dé\lrgqubuelgt?;n Cyclic conditions and Frrﬁii?r%ﬂr? FRC AdD?\;It-Ilggal SNR
prefix correlation matrix (annex A) . (dB)
antennas branches (Annex G) throughput position
NTN-TDLC5-1200 0 G-FR2-
1 1 Normal Low 70 % NTN-A5-1 posl 0.6

11.2.1.6 Void

11.2.2 Performance requirements for PUSCH with transform precoding
enabled

11.2.2.1 Definition and applicability

The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The
required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance
requirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.2.2.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.2.1.2.
For SAN type 2-O, the minimum requirement isin TS 38.108 [2] clause 11.2.2.2.

11.2.2.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a
given SNR.
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11.2.2.4 Method of test

11.2.2.4.1 Initial Conditions
Test environment: Normal, see annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1.

ETSI TS 138 181 V18.6.0 (2025-07)

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.2.2.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated

point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.

3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A, and according to additional test parameterslisted in table 11.2.2.4.2-1.

Table 11.2.2.4.2-1: Test parameters for testing PUSCH

Parameter Value
SAN type 1-O | SANtype2-0
Transform precoding Enabled
Maximum number of HARQ 4
HARQ transmissions
RV sequence 0,2,3,1
DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position posl
Number of DM-RS CDM 2
DM-RS grogp(s) without data
Ratio of PUSCH EPRE to DM- 3dB
RS EPRE
DM-RS port {0}
DM-RS sequence generation Nip®=0, group hopping_ and sequence hopping are
disabled
Time domain resource PUSCH mapping type AB | B
assignment Start symbol 0
Allocation length 14 10
. . Full applicable test 3.0 PRBs in the
Frequency domain resource | RB assignment bandwidth middle of the test
assignment bandwidth
Frequency hopping Disabled
Code block group based PUSCH transmission Disabled
i . Frequency density (Kpt-rs) N.A. Disabled
PTRS configuration Time density (LpT-rs) N.A. Disabled

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.2.2.5 and clause 11.2.2.6 for SAN type 1-O and SAN type 1-O respectively, and that the SNR at the

SAN receiver is not impacted by the noise floor.
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The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.2.2.4.2-2.

Table 11.2.2.4.2-2: AWGN power level at the SAN input

SAN type Sub-carrier spacing (kHz) Channel AWGN power level
bandwidth (MHz)
1-0 15 5 -86.5 - Aotarersens dBm /
(Note 2) 4.5 MHz
30 10 -83.6 - Aotarersens dBm /
8.64 MHz
2-0 120 50 EISREFsENS s0m +
(Note 5) Arr2_ReFsens + 15 dBm /
46.08 MHz
NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.
NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes,
the AWGN level can be reduced from the default by any value in the range 0dB to 16dB.
Changing the AWGN level does not impact the validity of the test, as it reduces the effective base
band SNR level.
NOTE 3: Arrz2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction
(as declared in D.43 in table 4.6-1) is used for testing.
NOTE 4: EISrersens som as declared in D.53 in table 4.6-1.
NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes,

the AWGN level can be reduced from the default by any value in the range 0dB to 15dB.
Changing the AWGN level does not impact the validity of the test, as it reduces the effective base
band SNR level.

8) For reference channels applicable to the SAN, measure the throughput.

11.2.2.5

11.2.25.1

Test Requirement

Test requirement for SAN type 1-O

The throughput measured according to clause 11.2.2.4.2 shall not be below the limits for the SNR levels specified in
table11.2.2.5.1-1t0 11.2.2.5.1-4.

Table 11.2.2.5.1-1: Test requirements for PUSCH with 70% of maximum throughput, PUSCH mapping

Type A, 5 MHz channel bandwidth, 15 kHz SCS in FR1-NTN

ETSI TS 138 181 V18.6.0 (2025-07)

Propagation . Addition
Numberof | Number of | o ;e | conditions and | Fraction of FRC alDM- | SNR
X demodulatio refix correlation maximum (annex A) RS (dB)
antennas n branches P ; throughput e
matrix (Annex G) position
NTN-TDLA100- o
) Normal 200 Low 70 % G-FR1-NTN-A3-3 posl 4.3
Normal | NTNTPLES-200 70 % G-FRI-NTN-A33 | posl | 2.2
1
Normal | NTN-TDLAL00- 70 % G-FR1-NTN-A3-3 pos1 0.1
5 200 Low
Normal NTN'T'LDO';NC&ZOO 70% G-FR1-NTN-A3-3 posi -0.6
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Table 11.2.2.5.1-2: Test requirements for PUSCH with 70% of maximum throughput, PUSCH mapping
Type A, 10 MHz channel bandwidth, 30 kHz SCS in FR1-NTN

Number of

Number of

Propagation

Fraction of

Addition

TX demodulatio C?;'i'; Coggr'rt;?gt?oind maximum (anFnFéS A) al DM-RS (SdNBF§
antennas n branches P - throughput position
matrix (Annex G)

Normal NTN-TDLAL00- 70 % G-FR1-NTN-A3-4 posl 4.1

1 200 Low
Normal NTN'TEOLVSS'ZOO 70 % G-FR1-NTN-A3-4 posl 1.9

1

Normal NTN-TDLA100- 70 % G-FR1-NTN-A3-4 posl -0.1

2 200 Low
Normal | NTN-TDLES-200 70% G-FRL-NTN-A3-4 | posl | -0.8

Table 11.2.2.5.1-3: Test requirements for PUSCH with 70% of maximum throughput, PUSCH mapping
Type B, 5 MHz channel bandwidth, 15 kHz SCS in FR1-NTN

Propagation . Addition
Number of Number O.f Cyclic conditions and Fraction of FRC al DM- SNR
X demodulatio refix correlation matrix maximum (annex A) RS (dB)
antennas n branches P throughput -
(Annex G) position
Normal NTN'TDLL()'t)IlOO'zoo 70 % G-FR1-NTN-A3-3 posi 4.3
1
Normal NTN'TEOLV\(,:SQOO 70 % G-FRI-NTN-A33 | posi | 2.2
1
Normal | NTN-TOLAL00-200 70 % G-FRI-NTN-A33 | posi | 0.1
2
Normal NTN'TEOLVSS'ZOO 70% G-FR1-NTN-A3-3 posi -0.6

Table 11.2.2.5.1-4: Test requirements for PUSCH with 70% of maximum throughput, PUSCH mapping
Type B, 10 MHz channel bandwidth, 30 kHz SCS in FR1-NTN

Propagation . Addition
Numberof | Numberof | ~ .. | conditionsand | T action of FRC alDM- | SNR
TX demodulation . . - maximum
antennas branches prefix | correlation matrix throuahput (annex A) RS (dB)
(Annex G) gnp position
Normal NTN'TDLLOAWNO'ZOO 70 % G-FR1-NTN-A3-4 posi 4.1
1
Normal NTN'TLDO';NC&ZOO 70 % G-FR1-NTN-A3-4 posi 1.9
1
Normal NTN'TDL"OA\LlOO'ZOO 70 % G-FR1-NTN-A3-4 posi -0.1
2
Normal NTN'TEOLVSS'ZOO 70% G-FR1-NTN-A3-4 posi -0.8
11.2.2.5.2 Test requirement for SAN type 2-O

The throughput measured according to clause 11.2.2.4.2 shall not be below the limits for the SNR levels specified in
table 11.2.2.5.2-1.
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Table 11.2.2.5.2-1: Test requirements for PUSCH with 70% of maximum throughput, PUSCH mapping
Type B, 50 MHz channel bandwidth, 120 kHz SCS in FR2-NTN

Propagation . .
O e | e | condiionsana | FreCton ol | emc | Aol | s
prefix correlation matrix (annex A) . (dB)
antennas branches (Annex G) throughput position

NTN-TDLC5-1200 G-FR2-

. 1 Normal Low 70 % NTN-A5-2 posl 0.7
NTN-TDLC5-1200 o G-FR2-

2 Normal Low 70 % NTN-A5-2 posl -2.6

11.2.2.6 Void

11.2.3 Performance requirements for UL timing adjustment

11.2.3.1 Definition and applicability

The performance reguirement of UL timing adjustment is determined by a minimum required throughput measured for
the moving UE at given SNR. The performance requirements assume HARQ retransmissions.

In the tests for UL timing adjustment, two signals are configured, one being transmitted by a moving UE and the other
being transmitted by a stationary UE. The transmission of SRS from UE is optional. FRC parametersin Table A.3-3 are
applied for both UEs. The received power for both UEs is the same. The resource blocks allocated for both UEs are
consecutive.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.2.3.2 Minimum Requirement

For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.2.1.3.

11.2.3.3 Test Purpose

The test shall verify the receiver's ability to achieve throughput measured for the moving UE at given SNR under
moving propagation conditions.

11.2.3.4 Method of test

11.2.3.4.1 Initial Conditions
Test environment: Normal, see annex B.2.
RF channelsto be tested: M; see clause 4.9.1.

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.2.3.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.

3) Set the SAN in the declared direction to be tested.
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4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A, and according to additional test parameterslisted intable 11.2.3.4.2-1.

Table 11.2.3.4.2-1 Test parameters for testing UL timing adjustment for SAN type 1-O

Parameter Value
Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4
RV sequence 0,2,3,1
DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position pos2
Number of DM-RS CDM group(s) without data 2
DM-RS Ratio of PUSCH EPRE to DM-RS EPRE -3dB
DM-RS port {0}
Nip®=0, nscip =0 for moving UE
DM-RS sequence generation Nin®=1, nscio =1 for stationary
UE
Time domain resource PUSCH mapping type A B
assignment Start symbol 0
Allocation length 14
RB assignment 12 RB for each UE
Frequency domain resource . . Moving UE: 0
ass(iqgnmeﬁt Starting PRB index Stationa?y UE: 12
Frequency hopping Disabled
Slots in which sounding RS is transmitted slot #1 in radio frames
SRS resource allocation (Note 1)
SRS resource allocation Csrs = 5, Bsrs =0, for 20 RB
Code block group based PUSCH transmission Disabled
NOTE 1. The transmission of SRS is optional. The transmission comb is configured as Krc = 2. The SRS periodic is
configured as Tsrs = 10 for 15kHz SCS and 20 for 30kHz SCS respectively.

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G. Unless stated otherwise, the MIMO correlation matrices for the gNB are defined in annex G for low
correlation.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.2.3.5 and that the SNR at the SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equa to the AWGN
level intable 11.2.3.4.2-2.

Table 11.2.3.4.2-2: AWGN power level at the SAN input

Sub-carrier spacing (kHz) Channel bandwidth (MHz) AWGN power level
15 5 -86.5 - Aotarersens dBm / 4.5MHz
30 10 -83.6 - Aorarersens dBm / 8.64MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

[NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.]

8) For reference channels applicable to the SAN, measure the throughput.
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11.2.3.5 Test Requirement

11.2.35.1 Test requirement for SAN type 1-O

The throughput measured according to clause 11.2.3.4.2 shall not be below the limits for the SNR levels specified in
table11.2.3.5.1-1 t0 11.2.3.5.1-4.

Table 11.2.3.5.1-1: Test requirements for UL timing adjustment with 70% of maximum throughput,
PUSCH mapping Type A, 5 MHz channel bandwidth, 15 kHz SCS in FR1-NTN

Number of Number of Propagation Fraction of Addition
T demodulati Cyclic conditions and . FRC al DM- SNR
) - maximum
antennas on prefix correlation throuahout (annex A) RS (dB)
branches matrix (Annex G) gnp position
1 1 Normal Scenario X 70 % G-FR1-NTN-A3-5 posl 4.7
2 Normal Scenario X 70 % G-FR1-NTN-A3-5 posl 0.3

Table 11.2.3.5.1-2: Test requirements for UL timing adjustment with 70% of maximum throughput,
PUSCH mapping Type A, 10 MHz channel bandwidth, 30 kHz SCS in FR1-NTN

Propagation . Addition
Numberof | Number of | o ;o | conditions and | Fraction of FRC alDM- | SNR
X demodulatio refix correlation maximum (annex A) RS (dB)
antennas n branches P ; throughput e
matrix (Annex G) position
1 1 Normal Scenario X 70 % G-FR1-NTN-A3-6 posl 4.2
2 Normal Scenario X 70 % G-FR1-NTN-A3-6 posl 0.1

Table 11.2.3.5.1-3: Test requirements for UL timing adjustment with 70% of maximum throughput,
PUSCH mapping Type B, 5 MHz channel bandwidth, 15 kHz SCS in FR1-NTN

Propagation . Addition
Nume;r of d':?nrggﬁlract)ifo Cycl_ic condition; and irzz&tilrﬁzrﬁf FRC al DM- SNR
antennas n branches prefix cqrrelatlon throughput (annex A) RS (dB)
matrix (Annex G) position
1 1 Normal Scenario X 70 % G-FR1-NTN-A3-5 posl 4.8
2 Normal Scenario X 70 % G-FR1-NTN-A3-5 posl 0.3

Table 11.2.3.5.1-4: Test requirements for UL timing adjustment with 70% of maximum throughput,
PUSCH mapping Type B, 10 MHz channel bandwidth, 30 kHz SCS in FR1-NTN

Propagation . .
Number Number (.)f Cyclic conditions and Fraction of FRC Additional SNR
of TX demodulation refix correlation maximum (annex A) DM-RS (dB)
antennas branches P X throughput position
matrix (Annex G)
1 Normal Scenario X 70 % G'FRl-gTN"%' posi 4.2
1
2 Normal Scenario X 70 % G_FRl_gTN_AS_ posi 0.2

11.2.4 Performance requirements for PUSCH repetition Type A

11.24.1 Definition and applicability

The performance requirement of PUSCH with slot aggregation factor configured is determined by a maximum target
BLER for agiven SNR. The required BLER is defined as the probability of incorrectly decoding the PUSCH
information when the PUSCH information is sent for the FRCslisted in annex A. The performance requirements

assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.
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11.2.4.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.2.1.4.

For SAN type 2-O, the minimum requirement isin TS 38. 108 [2] clause 11.2.2.3.

11.2.4.3 Test Purpose
The test shall verify the receiver's ability to achieve 1% BLER with PUSCH repetition Type A under multipath fading
propagation conditions for a given SNR.

11.2.4.4 Method of test

11.2.4.4.1 Initial Conditions
Test environment:  Normal, see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.2.4.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A, and according to additional test parameterslisted intable 11.2.4.4.2-1.

Table 11.2.4.4.2-1: Test parameters for testing PUSCH repetition Type A

Parameter Value
SAN Type 1-O | SAN Type 2-O
Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4
RV sequence 0, 3, 0, 3 [Note 1]
DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position posl
DM-RS l(;l:;:ber of DM-RS CDM group(s) without 2
Ratio of PUSCH EPRE to DM-RS EPRE -3dB
DM-RS port {0}
DM-RS sequence generation Nip°=0, lnscu: =0
. . PUSCH mapping type A B B
:é?fufgemam Start symbol 0
assignment Allocation length 14 | 10
PUSCH aggregation factor n2
Frequency domain resource RB assignment Full applicable test bandwidth
assignment Freqguency hopping Disabled
Code block group based PUSCH transmission Disabled
) . Frequency density (Kpt-rs) N.A. Disabled
PTRS configuration Time density (Lpr.rs) N.A. Disabled

Note 1:  The effective RV sequence is {0, 2, 3, 1} with slot aggregation.
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6) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.

7) Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.2.4.5 and clause 11.2.4.6 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the
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SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.2.4.4.2-2.
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Table 11.2.4.4.2-2: AWGN power level at the SAN input

NOTE 2:

NOTE 3:

NOTE 4:
NOTE 5:

SAN type Sub-carrier Channel bandwidth AWGN power level
spacing (kHz) (MHz)
1-O (NOTE 2) 15 5 -86.5 - Aorarersens dBm / 4.5 MHz
30 10 -83.6 - Aorarersens dBm / 8.64 MHz
2-O (NOTE 5) 120 50 ElISrersens_som + Arr2_rersens + 15 dBm /
46.08 MHz
NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.
Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction (as
declared in D.43 in table 4.6-1) is used for testing.
EISrersens_som as declared in D.53 in table 4.6-1.
The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.

8) For reference channels applicable to the SAN, measure the throughput.

11.2.4.5

11.245.1

Test Requirement

Test requirement for SAN type 1-O

The BLER measured according to clause 11.2.4.4.2 shall not be above the limits for the SNR levels specified in table

11.2451-11t0 11.2.45.1-4.

Table 11.2.4.5.1-1: Test requirements for PUSCH repetition TypeA, PUSCH mapping Type A, 5 MHz
channel bandwidth, 15 kHz SCS in FR1-NTN

Propagation Addition
Number of Number c_Jf Cyclic cond|t|0n§ and Target FRC al DM- SNR
TX demodulation . correlation
prefix . BLER (Annex A) RS (dB)
antennas branches matrix (Annex e
G) position
1 Normal | NTN-TDLALOO- | o (Note 1) | G-FR1-NTN-A3A-1 posi -4.5
1 200 Low
2 Normal | NTN-TDLAL00- | 40, (Note 1) | G-FR1-NTN-A3A-1 pos1 -7.9
200 Low
Note 1: BLER is defined as residual BLER,; i.e., ratio of incorrectly received transport blocks / sent transport blocks,
independently of the number HARQ transmission(s) for each transport block.
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Table 11.2.4.5.1-2: Test requirements for PUSCH, PUSCH mapping Type A, 10 MHz channel
bandwidth, 30 kHz SCS in FR1-NTN

Propagation
Number Number of Cvelic conditions and Target FRC Additional SNR
of TX demodulation )r/efix correlation BLI%R (Annex DM-RS (dB)
antennas branches P matrix (Annex A) position
G)
G-FR1-
- - 0
1 Normal | NTN-TDLALOO- | 1% (Note |\ aza. pos1 45
200 Low 1) 2
1
G-FR1-
NTN-TDLA100- | 1% (Note
2 Normal 200 Low 1) NTN-2A3A- posl -7.9
Note 1: BLER is defined as residual BLER,; i.e., ratio of incorrectly received transport blocks / sent transport blocks,
independently of the number HARQ transmission(s) for each transport block.

Table 11.2.4.5.1-3: Test requirements for PUSCH, PUSCH mapping Type B, 5 MHz channel bandwidth,
15 kHz SCS in FR1-NTN

Propagation .
Number Number Qf Cyclic conditions and Target FRC Addition SNR
of TX demodulation ; . ) al DM-RS
prefix correlation matrix BLER (Annex A) o (dB)
antennas branches position
(Annex G)
NTN-TDLA100- 0 G-FR1-
) 1 Normal 200 Low 1% (Note 1) NTN-A3A-1 posl -4.5
NTN-TDLA100- G-FR1-
2 Normal 200 Low 1% (Note 1) NTN-A3A-1 posl -7.9
Note 1: BLER is defined as residual BLER,; i.e., ratio of incorrectly received transport blocks / sent transport blocks,
independently of the number HARQ transmission(s) for each transport block.

Table 11.2.4.5.1-4: Test requirements for PUSCH, PUSCH mapping Type B, 10 MHz channel
bandwidth, 30 kHz SCS in FR1-NTN

Propagation
conditions .
Number Number Qf cyclic and Target FRC Additional SNR
of TX demodulation . . DM-RS
prefix correlation BLER (Annex A) o (dB)
antennas branches . position
matrix (Annex
G)
NTN- o G-FR1-
1 Normal | TDLAL00-200 | % (Nt | nTi-AzA- pos1 45
)
1 Low 2
NTN- o G-FR1-
2 Normal | TDLA100-200 | % S)\'Ote NTN-A3A- pos1 7.9
Low 2
Note 1: BLER is defined as residual BLER; i.e., ratio of incorrectly received transport blocks / sent transport blocks,
independently of the number HARQ transmission(s) for each transport block.

11.2.45.2

Test requirement for SAN type 2-O

The BLER measured according to clause 11.2.4.4.2 shall not be above the limits for the SNR levels specified in table
11.2.45.2-1.
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Table 11.2.4.5.2-1: Test requirements for PUSCH repetition TypeA, PUSCH mapping Type B, 50 MHz
channel bandwidth, 120 kHz SCS in FR2-NTN

Propagation .

Number Number (.)f Cyclic cond?tions and Target FRC Additional SNR
of TX demodulation refix correlation matrix BLER (Annex A) DM-RS (dB)

antennas branches P position

(Annex G)
NTN-TDLC5-1200 | 1% (Note G-FR2-
. 1 Normal Low 1) NTN-A3A-1 posl -8.0
2 Normal NTN-TDLC5-1200 | 1% (Note G-FR2- pos1 -
Low 1) NTN-A3A-1 11.4
Note 1: BLER is defined as residual BLER,; i.e., ratio of incorrectly received transport blocks / sent transport blocks,
independently of the number HARQ transmission(s) for each transport block.

11.2.4.6 Void

11.2.5 Performance requirements for PUSCH with DM-RS bundling

11.25.1 Definition and applicability

The performance requirement of PUSCH with DM-RS bundling is determined by a minimum required throughput for a
given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCslisted in annex A.
The performance requirements assume HARQ re-transmissions.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.2.5.2 Minimum Requirement

For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.2.2.5.

11.2.5.3 Test purpose

The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a
given SNR with DM-RS bundling.

11.25.4 Method of test

11.2.5.4.1 Initial conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier: M, see clause 4.9.1.

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.2.5.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex E.3. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).
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5) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A, and according to additional test parameterslisted in table 11.2.5.4.2-1.

Table 11.2.5.4.2-1: Test parameters for testing PUSCH

Parameter Value
Transform precoding Disabled
HARQ Maximum number of HARQ transmissions 4
RV sequence (Note 1) 0,0,0,0
DM-RS DM-RS configuration type 1
DM-RS duration single-symbol DM-RS
Additional DM-RS position posl
Number of DM-RS CDM group(s) without 2
data
Ratio of PUSCH EPRE to DM-RS EPRE -3dB
DM-RS port(s) {0}
DM-RS sequence generation Nip®=0, nscio =0
Time domain resource assignment PUSCH mapping type A, B
Start symbol 0
Allocation length 14
PUSCH aggregation factor n4 for 15kHz SCS
n8 for 30kHz SCS
pusch-TimeDomainWindowLength 4 for 15kHz SCS
8 for 30kHz SCS
Frequency domain resource RB assignment 6 RBs in the middle of the
assignment channel bandwidth
Frequency hopping Disabled
Code block group based PUSCH transmission Disabled
SAN type 1-0
NOTE 1: The effective RV sequence is {0, 2, 3, 1} with slot aggregation.

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex J.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.2.5.5.1 for SAN type 1-O, and that the SNR at the SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.2.5.4.2-2.

Table 11.2.5.4.2-2: AWGN power level at the SAN input

SAN Type Sub-carrier spacing | Channel bandwidth AWGN power level
(kHz) (MHz)
1-O (NOTE 2) 15 5 -86.5 - AOTAREFSENS dBm / 4.5 MHz
30 10 -83.6 - AOTAREFSENS dBm / 8.64
MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 7.1.

NOTE 2: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

8) For reference channels applicable to the SAN, measure the throughput.
11.2.5.5 Test Requirement

11.255.1 Test requirement for SAN type 1-O

The throughput measured according to clause 11.2.5.4.2 shall not be below the limits for the SNR levels specified in
table 11.25.5.1-1 ~11.2.5.5.1.4.
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Table 11.2.5.5.1-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz
channel bandwidth, FR1-NTN, 15 kHz SCS

Number of Number of Cyclic Propagation Fraction of FRC Additional SNR
T demodulation | prefix conditions and maximum (annex G) DM-RS (dB)
branches correlation throughput position
antennas -
matrix (annex G)
NTN-TDLA100- 0 G-FR1-NTN-
. 1 Normal 200 Low 70 % A3-7 posl -0.1
NTN-TDLA100- o G-FR1-NTN-
2 Normal 200 Low 70 % A3-7 posl -3.6

Table 11.2.5.5.1-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz
channel bandwidth, FR1-NTN, 30 kHz SCS

Number of Number of Cyclic Propagation Fraction of FRC Additional | SNR
T demodulation | prefix conditions and maximum (annex G) DM-RS (dB)
antennas branches correlation throughput position
matrix (annex G)
NTN-TDLA100- o G-FR1-NTN-
. 1 Normal 200 Low 70 % A3-8 posl -2.9
NTN-TDLA100- o G-FR1-NTN-
2 Normal 200 Low 70 % A3-8 posl -6.1

Table 11.2.5.5.1-3: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz
channel bandwidth, FR1-NTN, 15 kHz SCS

Number of Number of Cyclic Propagation Fraction of FRC Additional SNR
T demodulation | prefix conditions and maximum (annex G) DM-RS (dB)
branches correlation throughput position
antennas -
matrix (annex G)
NTN-TDLA100- o G-FR1-NTN-
. 1 Normal 200 Low 70 % A3-7 posl -0.0
NTN-TDLA100- o G-FR1-NTN-
2 Normal 200 Low 70 % A3-7 posl -3.5

Table 11.2.5.5.1-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz
channel bandwidth, FR1-NTN, 30 kHz SCS

Number of Number of Cyclic Propagation Fraction of FRC Additional | SNR
T demodulation | prefix conditions and maximum (annex G) DM-RS (dB)
antennas branches correlation throughput position
matrix (annex G)
NTN-TDLA100- 0 G-FRI-NTN-
. 1 Normal 200 Low 70 % A3-8 posl -2.8
NTN-TDLA100- 0 G-FRI-NTN-
2 Normal 200 Low 70 % A3-8 posl -6.1

11.3

OTA performance requirements for PUCCH

11.3.1 Performance requirements for PUCCH format O

11.3.11

Definition and applicability

The performance requirement of single user PUCCH format 0 for ACK missed detection is determined by the two
parameters: probability of false detection of the ACK and the probability of detection of ACK. The performanceis
measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK
shall be 0.01 or less.
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The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is
present.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e., intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.3.1.2 Minimum Requirement
For SAN type 1-O, the minimum requirements are in TS 38.108 [2] clause 11.3.1.1 and 11.3.1.2.
For SAN type 2-O, the minimum requirements are in TS 38.108 [2] clause [11.3.2.1 and 11.3.2.2.

11.3.1.3 Test purpose

The test shall verify the receiver's ability to detect ACK under multipath fading propagation conditions for a given
SNR.

11.3.1.4 Method of test

11.3.1.4.1 Initial conditions
Test environment:  Normal, see Annex B.2.
RF channelsto betested:  single carrier M; see clause 4.9.1.

Direction to betested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.3.1.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8] and according to
additional test parameterslisted in table 11.3.1.4.2-1.

Table 11.3.1.4.2-1: Test parameters

Parameter SAN type 1-O | SAN type 2-O
number of UCI information bits 1
Number of PRBS 1
First PRB prior to frequency hopping 0
Intra-slot frequency hopping Enabled
First PRB after frequency hopping N/A
Group and sequence hopping neither
Hopping ID 0
Initial cyclic shift 0
First symbol 12 for 2 symbols
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6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.2.

7) Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.1.5.1 and 11.3.1.5.2 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the SAN

receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level quoted in table 11.3.1.4.2-2.

Table 11.3.1.4.2-2: AWGN power level at the SAN input

SAN type Sub-carrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)
SAN type 1-O 15 5 -86.5 - Aorarersens dBm / 4.5 MHz
(Note 2) 30 10 -83.6 - Aorarersens dBm / 8.64 MHz
SAN type 2-O 120 50 EISrersens_som + Arr2_ReFsens + 15
(Note 5) dBm / 46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes,
the AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing
the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR
level.

Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction (as
declared in D.43 in table 4.6-1) is used for testing.

EISrersens_som as declared in D.53 in table 4.6-1.

The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes,
the AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing
the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR
level.

NOTE 3:

NOTE 4:
NOTE 5:

8) Thesignal generator sends atest pattern with the pattern outlined in figure 11.3.1.4.2-1. The following statistics
are kept: the number of ACK's detected in the idle periods and the number of missed ACKs.

ACK ACK ACK

Figure 11.3.1.4.2-1: Test signal pattern for single user PUCCH format 0 demodulation tests

11.3.1.5 Test Requirement

11.3.15.1 Test requirement for SAN type 1-O

The fraction of falsely detected ACKs shall be less than 1% and the fraction of correctly detected ACKs shall be larger
than 99% for the SNR listed in table 11.3.1.5.1-1 and in table 11.3.1.5.1-2.

Table 11.3.1.5.1-1: Required SNR for PUCCH format 0, 15 kHz SCS and 5MHz channel bandwidth

Number of Number of Propagation conditions and SNR (dB)
TX antennas demodulation | correlation matrix (Annex G)
branches
1 1 NTN-TDLA100-200 Low 9.5
2 NTN-TDLA100-200 Low 3.9

Table 11.3.1.5.1-2: Required SNR for PUCCH format 0, 30 kHz SCS and 10MHz channel bandwidth

Number of Number of Propagation conditions and SNR (dB)
TX antennas demodulation | correlation matrix (Annex G)
branches
1 1 NTN-TDLA100-200 Low 11.7
2 NTN-TDLA100-200 Low 54
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11.3.1.5.2 Test requirement for SAN type 2-O

The fraction of falsely detected ACK s shall be less than 1% and the fraction of correctly detected ACKs shall be larger
than 99% for the SNR listed in table 11.3.1.5.2-1.

Table 11.3.1.5.2-1: Required SNR for PUCCH format 0, 120 kHz SCS and 50MHz channel bandwidth

Number of dé\lrgomdbuelgt?;n Propagation conditions and NuOmFtI)De'\r/lof SNR (dB)
TX antennas correlation matrix (Annex G)
branches symbols
1 1 NTN-TDLC5-1200 Low 2 6.9
2 NTN-TDLC5-1200 Low 2 1.9

11.3.2 Performance requirements for PUCCH format 1
11.3.21 NACK to ACK detection
11.3.2.1.1 Definition and applicability

The performance requirement of PUCCH format 1 for NACK to ACK detection is determined by the two parameters:
probability of false detection of the ACK and the NACK to ACK detection probability. The performance is measured
by the required SNR at probability of the NACK to ACK detection equal to 0.1% or less. The probability of false
detection of the ACK shall be 0.01 or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
at particular bit position when input is only noise. Each false bit detection is counted as one error.

The NACK to ACK detection probability is the probability of detecting an ACK bit when a NACK bit was sent on
particular bit position. Each NACK bit erroneoudly detected as ACK bit is counted as one error. Erroneously detected
NACK bitsin the definition do not contain the NACK bits which are mapped from DTX, i.e.,, NACK bits received
when DTX is sent should not be considered.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e., intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.3.2.1.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.3.1.3.

For SAN type 2-O, the minimum requirement isin TS 38.108 [2], clause 11.3.2.3.

11.3.2.1.3 Test purpose

The test shall verify the receiver's ability not to falsely detect NACK bits as ACK bits under multipath fading
propagation conditions for a given SNR.

11.3.2.1.4 Method of test

11.3.2.1.4.1 Initial Conditions
Test environment: Normal, see Annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).
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1) Place the SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.

3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted intable 11.3.2.1.4.2-1.

Table 11.3.2.1.4.2-1: Test parameters

Parameter Test
SANtype1-O | SANtype 2-O
Number of information bits 2
Number of PRBs 1
Number of symbols 14
First PRB prior to frequency hopping 0
Intra-slot frequency hopping enabled
First PRB after frequency hopping The largest PRB index - (Number of
PRBs - 1)
Group and sequence hopping neither
Hopping ID 0
Initial cyclic shift 0
First symbol 0
Index of orthogonal cover code 0
(timeDomainOCC)

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.2.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.2.1.5.1 and 11.3.2.1.5.2 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the
SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.2.1.4.2-2.

Table 11.3.2.1.4.2-2: AWGN power level at the SAN input

SAN type Subcarrier Channel bandwidth AWGN power level
spacing (kHz) (MHz)

SAN type 1-O 15 kHz 5 -86.5 - Aorarersens dBm /4.5 MHz
(Note 2) 30 kHz 10 -83.6 — Aotarersens dBm / 8.64 MHz
SAN type 2-O 120 50 EISrersens_som + Arr2_rRersens + 15 dBm /

(Note 5) 46.08 MHz

NOTE 3:

NOTE 4:

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test

purposes, the AWGN level can be reduced from the default by any value in the range 0dB to

16dB. Changing the AWGN level does not impact the validity of the test, as it reduces the
effective base band SNR level.

Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction

(as declared in D.43 in table 4.6-1) is used for testing.

EISrersens_som as declared in D.53 in table 4.6-1.

NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test
purposes, the AWGN level can be reduced from the default by any value in the range 0dB to
15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the
effective base band SNR level.
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8) The signal generator sends random codeword from applicable codebook, in regular time periods. The following
statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as

ACK.
11.3.2.15 Test Requirement
11.3.2.1.5.1 Test Requirement for SAN type 1-O

The fraction of falsely detected ACK bits shall be lessthan 1 % and the fraction of NACK bits falsely detected as ACK
shall be lessthan 0.1 % for the SNR listed in tables 11.3.2.1.5.1-1 and table 11.3.2.1.5.1-2.

Table 11.3.2.1.5.1-1: Required SNR for PUCCH format 1 with 15 kHz SCS 5MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex X)
branches
1 1 Normal NTN-TDLA100-200 Low 2.8
2 Normal NTN-TDLA100-200 Low -3.5

Table 11.3.2.1.5.1-2: Required SNR for PUCCH format 1 with 30 kHz SCS 10MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex X)
branches
1 1 Normal NTN-TDLA100-200 Low 3.6
2 Normal NTN-TDLA100-200 Low -2.9

11.3.2.1.5.2 Test Requirement for SAN type 2-O

The fraction of falsely detected ACK bits shall be lessthan 1 % and the fraction of NACK bits falsely detected as ACK
shall be lessthan 0.1 % for the SNR listed in tables 11.3.2.1.5.2-1.

Table 11.3.2.1.5.2-1: Required SNR for PUCCH format 1 with 120 kHz SCS 50MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLC5-1200 Low 0.4
2 Normal NTN-TDLC5-1200 Low -4.7

11.3.2.2 ACK missed detection

11.3.2.2.1

The performance requirement of PUCCH format 1 for ACK missed detection is determined by the two parameters:
probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the
required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or
less.

Definition and applicability

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is
present.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e., intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.
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11.3.2.2.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.3.1.3.
For SAN type 2-O, the minimum requirement isin TS 38.108 [2], clause [11.3.2.3].

11.3.2.2.3 Test purpose

The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for agiven
SNR.

11.3.2.2.4 Method of test

11.3.2.2.4.1 Initial Conditions
Test environment: Normal, see Annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.3.2.2.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.2.2.4.2-1.

Table 11.3.2.2.4.2-1: Test Parameters

Parameter Value
SAN type 1-O | SAN type 2-O
Number of information bits 2
Number of PRBs 1
Number of symbols 14
First PRB prior to frequency hopping 0
Intra-slot frequency hopping enabled
First PRB after frequency hopping The largest PRB index —
(nrofPRBS — 1)
Group and sequence hopping neither
Hopping ID 0
Initial cyclic shift 0
First symbol 0
Index of orthogonal cover code 0
(timeDomainOCC)

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.2.

7) Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.2.2.5.1 and 11.3.2.2.5.2 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the
SAN receiver is not impacted by the noise floor.
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The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.2.2.4.2-2.

Table 11.3.2.2.4.2-2: AWGN power level at the SAN input

SAN type Subcarrier Channel AWGN power level
spacing (kHz) bandwidth (MHz)

SAN type 1-O 15 kHz 5 -86.5 — Aotarersens dBm / 4.5 MHz
(Note 2) 30 kHz 10 -83.6 — Aotarersens dBm / 8.64 MHz
SAN type 2-O 120 50 EISrersens_som + Arrz_rRersens + 15 dBm /

(Note 5) 46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test
purposes, the AWGN level can be reduced from the default by any value in the range 0dB to
16dB. Changing the AWGN level does not impact the validity of the test, as it reduces the
effective base band SNR level.

NOTE 3: Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction
(as declared in D.54 in table 4.6-1) is used for testing.

NOTE 4: EISrersens_som as declared in D.xx in table 4.6-1.

NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test
purposes, the AWGN level can be reduced from the default by any value in the range 0dB to
15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the
effective base band SNR level.

8) Thesignal generator sends random codewords from applicable codebook, in regular time periods. The following
statistics are kept: the number of ACK bits falsely detected in the idle periods and the number of missed ACK
bits. Each falsely detected ACK bit in the idle periods is accounted as one error for the statistics of false ACK
detection, and each missed ACK bit is accounted as one error for the statistics of missed ACK detection.

Note that the procedure described in this clause for ACK missed detection has the same condition as that
described in clause 11.3.2.1.4.2 for NACK to ACK detection. Both statistics are measured in the same testing.

11.3.2.2.5 Test Requirement

11.3.2.25.1 Test Requirement for SAN type 1-O

The fraction of falsely detected ACK hits shall be less than 1% and the fraction of correctly detected ACK bits shall be
larger than 99% for the SNR listed in tables 11.3.2.2.5-1 and table 11.3.2.2.5-2.

Table 11.3.2.2.5.1-1: Required SNR for PUCCH format 1 with 15 kHz SCS 5MHz channel bandwidth

Number of Number of Cyclic Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 2.1
2 Normal NTN-TDLA100-200 Low -4.0

Table 11.3.2.2.5.1-2: Required SNR for PUCCH format 1 with 30 kHz SCS 10MHz channel bandwidth

Number of Number of Cyclic Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 37
2 Normal NTN-TDLA100-200 Low -2.8
11.3.2.2.5.2 Test Requirement for SAN type 2-O

The fraction of falsely detected ACK bits shall be less than 1% and the fraction of correctly detected ACK bits shall be
larger than 99% for the SNR listed in tables 11.3.2.2.5.2-1.
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Table 11.3.2.2.5.2-1: Required SNR for PUCCH format 1 with 120 kHz SCS 50MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLC5-1200 Low -0.8
2 Normal NTN-TDLC5-1200 Low -5.3

11.3.3 Performance requirements for PUCCH format 2

11.3.3.1 ACK missed detection performance requirements

11.3.3.1.1 Definition and applicability

The performance requirement of PUCCH format 2 for ACK missed detection is determined by the two parameters:
probability of false detection of the ACK and the probability of detection of ACK on the wanted signal. The
performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false
detection of the ACK shall be 0.01 or less.

The probability of false detection of the ACK is defined as a probability of erroneous detection of the ACK when input
isonly noise.

The probability of detection of ACK is defined as probability of detection of the ACK when the signal is present.
Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e., intra-slot frequency hopping is enabled.

11.3.3.1.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.3.1.4.

For SAN type 2-O, the minimum requirement isin TS 38.108 [2] clause 11.3.2.4.

11.3.3.1.3 Test Purpose

The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for agiven
SNR.

11.3.3.1.4 Method of test

11.3.3.1.4.1 Initial conditions

Test environment:  Normal, see Annex B.2.
RF channels to be tested for single carrier; M; see clause 4.9.1.

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table.4.6-1).

11.3.3.1.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.

3) Set the SAN in the declared direction to be tested.
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4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted one polarization of the test antenna(s).

5)

6)

7)

The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.3.1.4.2-1.

Table 11.3.3.1.4.2-1: Test parameters

Parameter Value
SANtype1-O | SAN type 2-O
Modulation order QPSK
First PRB prior to frequency hopping 0
Intra-slot frequency hopping N/A

First PRB after frequency hopping

The largest PRB index - (Number of PRBs-1)

Number of PRBs 4
Number of symbols 1
The number of UCI information hits 4
First symbol 13
DM-RS sequence generation Nip®=0

The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.2.

Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.3.1.5.1 and 11.3.3.1.5.2 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the

SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN

level intable 11.3.3.1.4.2-2.

Table 11.3.3.1.4.2-2: AWGN power level at the SAN input

SAN type Sub-carrier spacing Channel AWGN power level
(kHz) bandwidth
(MHz)

SAN type 1-O 15 kHz 5 -86.5 - Aorarersens dBm / 4.5 MHz
(Note 2) 30 kHz 10 -83.6 - Aorarersens dBm / 8.64 MHz
SAN type 2-O 120 kHz 50 EISrersens_som + Arrz_rRersens + 15 dBm

(Note 5) / 46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test
purposes, the AWGN level can be reduced from the default by any value in the range 0dB to
16dB. Changing the AWGN level does not impact the validity of the test, as it reduces the

effective base band SNR level.
NOTE 3:

NOTE 4:

effective base band SNR level.

Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction
(as declared in D.43 in table 4.6-1) is used for testing.

EISrersens_som as declared in D.53 in table 4.6-1.
NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test
purposes, the AWGN level can be reduced from the default by any value in the range 0dB to
15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the

8) The signal generator sends a test pattern with pattern outlined in figure 11.3.3.1.4.2-1. The following statistics
are kept: the number of ACK bits detected in the idle periods and the number of missed ACKs.

ACK ACK

ACK

Figure 11.3.3.1.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests
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11.3.3.1.5 Test requirement

11.3.3.1.5.1 Requirements for SAN type 1-O

The fraction of falsely detected ACK s shall be less than 1% and the fraction of correctly detected ACKs shall be larger
than 99% for the SNR listed in table 11.3.3.1.5.1-1 and table 11.3.3.1.5.1-2.

Table 11.3.3.1.5.1-1: Required SNR for PUCCH format 2 with 15 kHz SCS 5MHz channel bandwidth

Number of Number of Cyclic Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 15.2
2 Normal NTN-TDLA100-200 Low 5.3

Table 11.3.3.1.5.1-2: Required SNR for PUCCH format 2 with 30 kHz SCS 10MHz channel bandwidth

Number of Number of Cyclic Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 12.6
2 Normal NTN-TDLA100-200 Low 5.0

11.3.3.1.5.2 Requirements for SAN type 2-O

The fraction of falsely detected ACKs shall be less than 1% and the fraction of correctly detected ACKs shall be larger
than 99% for the SNR listed in table 11.3.3.1.5.2-1.

Table 11.3.3.1.5.2-1: Required SNR for PUCCH format 2 with 120 kHz SCS 50MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLC5-1200 Low 5.6
2 Normal NTN-TDLC5-1200 Low 0.9

11.3.3.2 UCI BLER performance requirements

11.3.3.2.1

The UCI block error probability is defined as the probability of incorrectly decoding the UCI information when the UCI
information is sent. The UCI information does not contain CSI part 1 and part 2.

Definition and applicability

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e., intra-slot frequency hopping is enabled.

11.3.3.2.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.3.1.4.

For SAN type 2-O, the minimum requirement isin TS 38.108 [2] clause[11.3.2.4].

11.3.3.2.3 Test Purpose

The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
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11.3.3.2.4 Method of test

11.3.3.2.4.1 Initial conditions
Test environment:  Normal, see Annex B.2.
RF channels to be tested for single carrier:M; see clause 4.9.1

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.3.3.2.4.2 Procedure

1) Place the SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branches signals should be transmitted on each polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.3.2.4.2-1.

Table 11.3.3.2.4.2-1: Test parameters

Parameter Value
SAN type 1-O |  SANtype 2-0

Modulation order QPSK

First PRB prior to frequency hopping 0

Intra-slot frequency hopping enabled

First PRB after frequency hopping The largest PRB index - (Number of PRBs-1)
Number of PRBs 9

Number of symbols 2

The number of UCI information bits 22

First symbol 12

DM-RS sequence generation Nip®=0

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.2.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.3.2.5.1 and 11.3.3.2.5.2 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the
SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.3.2.4.2-2.
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Table 11.3.3.2.4.2-2: AWGN power level at the SAN input

NOTE 2:

NOTE 4:
NOTE 5:

SAN type Sub-carrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)
SAN type 1-O 15 kHz 5 -86.5 - Aorarersens dBm / 4.5 MHz
(Note 2) 30 kHz 10 -83.6 - Aorarersens dBm / 8.64 MHz
SAN type 2-O (Note 120 50 EISrersens_som + Arr2_Rersens + 15
5) dBm / 46.08 MHz
NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.
NOTE 3: Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction (as
declared in D.54 in table 4.6-1) is used for testing.
EISrersens_som as declared in D.xx in table 4.6-1.
The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

8) Thesignal generator sends a test pattern with the pattern outlined in figure 11.3.3.2.4.2-1. The following
statistics are kept: the number of incorrectly decoded UCI.

ucCl

ucCl

ucCl

Figure 11.3.3.2.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests

11.3.3.2.5

11.3.3.25.1

Test requirement

Requirements for SAN type 1-O

The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 11.3.3.2.5.1-1 and table

11.3.3.25.1-2.

Table 11.3.3.2.5.1-1: Required SNR for PUCCH format 2 with 15 kHz SCS 5MHz channel bandwidth

Number of Number of Cyclic Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 6.9
2 Normal NTN-TDLA100-200 Low 14

Table 11.3.3.2.5.1-2: Required SNR for PUCCH format 2 with 30 kHz SCS 10MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 7.0
2 Normal NTN-TDLA100-200 Low 1.1

11.3.3.2.5.2

Requirements for SAN type 2-O

The fraction of incorrectly decoded UCI shall be lessthan 1% for the SNR listed in table 11.3.3.2.5.2-1.
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Table 11.3.3.2.5.2-1: Required SNR for PUCCH format 2 with 120 kHz SCS 50MHz channel bandwidth

Number of Number of Cyclis Prefix Propagation conditions and SNR (dB)
TX antennas demodulation correlation matrix (Annex G)
branches
1 1 Normal NTN-TDLC5-1200 Low 4.8
2 Normal NTN-TDLC5-1200 Low -1.0

11.3.4 Performance requirements for PUCCH format 3

11.34.1 Definition and applicability
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.

The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information
when the UCI information is sent. The UCI information does not contain CSI part 1 and part 2.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.3.4.2
For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.3.1.5.

Minimum requirement

For SAN type 2-O, the minimum requirement isin TS 38.108 [2], clause 11.3.2.5.

11.3.4.3 Test purpose

The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.

11.3.4.4 Method of test

113441 Initial conditions

Test environment: Normal, see Annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1
Direction to be tested:

- OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.3.4.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.4.4.2-1.
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Table 11.3.4.4.2-1: Test parameters

Parameter Test
SAN type 1-O | SAN type 2-O
Modulation order QPSK
First PRB prior to frequency 0
hopping
Intra-slot frequency hopping enabled

First PRB after frequency hopping

The largest PRB index — (Number of PRBs — 1)

Group and sequence hopping neither
Hopping ID 0
Number of PRBs 1
Number of symbols 14
The number of UCI information bits 16
First symbol 0

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in

annex G.2.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.4.5.1 and 11.3.4.5.2 for SAN type 1-O and SAN type 2-O respectively, and the SNR at the SAN
receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.4.4.2-2.
Table 11.3.4.4.2-2: AWGN power level at the SAN input
SAN type Subcarrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)

SAN type 1-O 15 5 -86.5 - Aorarersens dBm / 4.5MHz
(Note 2) 30 10 -83.6 - Aorarersens dBm / 8.64MHz
SAN type 2-O 120 50 EISrersens_som + Arr2_rRersens + 15 dBm /

(Note 5) 46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

NOTE 3: Arrz_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction (as
declared in D.43 in table 4.6-1) is used for testing.
NOTE 4: EISrersens_som as declared in D.53 in table 4.6-1.
NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.
11.3.4.5 Test requirement
11.345.1 Test requirement for SAN type 1-O

The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 11.3.4.5.1-1 and table

11.3.45.1-2.

Table 11.3.4.5.1-1: Required SNR for PUCCH format 3 with 15 kHz SCS 5MHz channel bandwidth

Number of Number of Cyclic Propagation conditions and Additional DM-RS SNR

X demodulation Prefix correlation matrix (Annex G) configuration (dB)
antennas branches

1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 7.2

Additional DM-RS 7.0

2 Normal NTN-TDLA100-200 Low No additional DM-RS 0.9

Additional DM-RS 0.6

ETSI




3GPP TS 38.181 version 18.6.0 Release 18 194 ETSI TS 138 181 V18.6.0 (2025-07)

Table 11.3.4.5.1-2: Required SNR for PUCCH format 3 with 30 kHz SCS 10MHz channel bandwidth

Number of Number of Cyclic Propagation conditions and Additional DM-RS SNR
X demodulation Prefix correlation matrix (Annex G) configuration (dB)

antennas branches
1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 9.8
Additional DM-RS 9.2
2 Normal NTN-TDLA100-200 Low No additional DM-RS 2.2
Additional DM-RS 1.9

11.3.4.5.2 Test requirement for SAN type 2-O

The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 11.3.4.5.2-1.

Table 11.3.4.5.2-1: Required SNR for PUCCH format 3 with 120 kHz SCS 50MHz channel bandwidth

Number of Number of Cyclic Propagation conditions and Additional DM-RS SNR

X demodulation Prefix correlation matrix (Annex G) configuration (dB)
antennas branches

1 1 Normal NTN-TDLC5-1200 Low No additional DM-RS 2.9

Additional DM-RS 2.3

2 Normal NTN-TDLC5-1200 Low No additional DM-RS -1.3

Additional DM-RS -1.9

11.3.5 Performance requirements for PUCCH format 4

11.35.1 Definition and applicability
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.

The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information
when the UCI information is sent. The UCI information does not contain CSI part 1 and part 2.

The transient period as specified in TS 38.101-5 [12] clause 6.3.3 is not taken into account for performance requirement
testing, where the RB hopping is symmetric to the CC center, i.e., intra-slot frequency hopping is enabled.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.3.5.2 Minimum requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.3.1.6.
For SAN type 2-O, the minimum requirement isin TS 38.108 [2], clause 11.3.2.6.

11.3.5.3 Test purpose

The test shall verify the receiver's ability to detect UCI under multipath fading propagation conditions for a given SNR.
11.3.5.4 Method of test

11.3.5.4.1 Initial conditions

Test environment: Normal, see Annex B.2.

RF channels to be tested for single carrier: M; see clause 4.9.1
Direction to be tested:

-  OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).
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11.3.5.4.2 Procedure

1)

Place the SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.

3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.4.4.2-1.

Table 11.3.5.4.2-1: Test parameters
Parameter Value
SAN type 1-O | SAN type 2-O

Modulation order QPSK
First PRB prior to frequency hopping 0
Number of PRBS 1
Intra-slot frequency hopping enabled
First PRB after frequency hopping The largest PRB index - (Number of PRBS - 1)
Group and sequence hopping neither
Hopping ID 0
Number of symbols 14
The number of UCI information bits 22
First symbol 0
Length of the orthogonal cover code n2
Index of the orthogonal cover code n0

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.2.

7) Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.5.5.1 and 11.3.5.5.2 for SAN type 1-O and SAN type 2-O respectively, and that the SNR at the SAN
receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.5.4.2-2.
Table 11.3.5.4.2-2: AWGN power level at the SAN input
SAN type Subcarrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)

SAN type 1-O 15 5 -86.5 - Aorarersens dBm / 4.5MHz
(Note 2) 30 10 -83.6 - Aorarersens dBm / 8.64MHz
SAN type 2-O 120 50 EISrersens_som + Arrz_rersens + 15 dBm /

(Note 5) 46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.
NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the

AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.

NOTE 3: Arrz_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS reference direction (as

declared in D.43 in table 4.6-1) is used for testing.

NOTE 4: EISrersens_som as declared in D.53 in table 4.6-1.
NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the

AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the
AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.
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The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 11.3.5.5.1-1 and table

11.355.1-2.
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Table 11.3.5.5.1-1: Required SNR for PUCCH format 4 with 15 kHz SCS 5MHz channel bandwidth

Number of Number of Cyclic Propagation conditions and Additional DM-RS SNR

X demodulation Prefix correlation matrix (Annex G) configuration (dB)
antennas branches

1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 9.5

Additional DM-RS 9.2

2 Normal NTN-TDLA100-200 Low No additional DM-RS 3.1

Additional DM-RS 2.8

Table 11.3.5.5.1-2: Required SNR for PUCCH format 4 with 30 kHz SCS 10MHz channel bandwidth

Number of Number of Cyclic Propagation conditions and Additional DM-RS SNR
TX demodulation Prefix correlation matrix (Annex G) configuration (dB)

antennas branches
1 1 Normal NTN-TDLA100-200 Low No additional DM-RS 11.1
Additional DM-RS 11.1
2 Normal NTN-TDLA100-200 Low No additional DM-RS 4.1
Additional DM-RS 3.9

11.3.5.5.2 Test requirement for SAN type 2-O

The fraction of incorrectly decoded UCI shall be less than 1% for the SNR listed in table 11.3.5.5.2-1.

Table 11.3.5.5.2-1: Required SNR for PUCCH format 4 with 120 kHz SCS 50MHz channel bandwidth

Number of Number of Cyclic Propagation conditions and Additional DM-RS SNR

X demodulation Prefix correlation matrix (Annex G) configuration (dB)
antennas branches

1 1 Normal NTN-TDLC5-1200 Low No additional DM-RS 4.7

Additional DM-RS 6.4

2 Normal NTN-TDLC5-1200 Low No additional DM-RS 0.4

Additional DM-RS 0.0

11.3.6 Performance requirements for multi-slot PUCCH format

11.3.6.1 Performance requirements for multi-slot PUCCH format 1
11.3.6.1.1 NACK to ACK detection
11.3.6.1.1.1 Definition and applicability

The performance requirement of PUCCH format 1 for NACK to ACK detection is determined by the two parameters:
probability of false detection of the ACK and the NACK to ACK detection probability. The performance is measured
by the required SNR at probability of the NACK to ACK detection equal to 0.1% or less. The probability of false
detection of the ACK shall be 0.01 or less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
at particular bit position when input is only noise. Each false bit detection is counted as one error.

The NACK to ACK detection probability is the probability of detecting an ACK bit when an NACK bit was sent on
particular bit position. Each NACK hit erroneously detected as ACK bit is counted as one error. Erroneously detected
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NACK hitsin the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when
DTX is sent should not be considered.

Which specific test(s) are applicable to SAN is based on the test applicability rules defined in clause 11.1.3.

11.3.6.1.1.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.3.1.7.

11.3.6.1.1.3 Test purpose

The test shall verify the receiver's ability not to falsely detect NACK bits as ACK bits under multipath fading
propagation conditions for a given SNR.

11.3.6.1.1.4 Method of test

11.3.6.1.1.4.1 Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1

Direction to be tested: OTA REFSENS receiver target reference direction (D.44).

11.3.6.1.1.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.6.1.1.4.2-1.

Table 11.3.6.1.1.4.2-1: Test Parameters for multi-slot PUCCH format 1

Parameter Test

Number of information bits 2
Number of PRBs 1
Number of symbols 14
First PRB prior to frequency hopping 0
Intra-slot frequency hopping disabled
Inter-slot frequency hopping enabled
First PRB after frequency hopping The largest PRB index - (nrofPRBs — 1)
Group and sequence hopping neither
Hopping ID 0
Initial cyclic shift 0
First symbol 0
Index of orthogonal cover code (timeDomainOCC) 0
Number of slots for PUCCH repetition 2

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.2.

7) Adjust thetest signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.6.1.1.5.1 for SAN type 1-O, and that the SNR at the SAN receiver is not impacted by the noise floor.
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The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.6.1.1.4.2-2

Table 11.3.6.1.1.4.2-2: AWGN power level at the SAN input

SAN type Subcarrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)
SAN type 1-O 15 5 -86.5 - Aorarersens dBm / 4.5MHz
30 10 -83.6 - Aorarersens dBm / 8.64MHz
NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

8) The signal generator sends random codeword from applicable codebook, in regular time periods. The following
statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as

ACK.
11.3.6.1.1.5 Test Requirement
11.3.6.1.1.5.1 Test Requirement for SAN type 1-O

The fraction of falsely detected ACK bits shall be less than 1% and the fraction of NACK bits falsely detected as ACK
shall be less than 0.1% for the SNR listed intable 11.3.6.1.1.5.1-1 and 11.3.6.1.1.5.1-2.

Table 11.3.6.1.1.5-1: Minimum requirements for multi-slot PUCCH format 1 with 15kHz SCS 5MHz
channel bandwidth

Number of Number Cyclic | Propagation conditions and SNR (dB)
TX of Prefix correlation matrix
demodula
antennas tion (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 1.2
2 Normal NTN-TDLA100-200 Low -6.0

Table 11.3.6.1.1.5-2: Minimum requirements for multi-slot PUCCH format 1 with 30kHz SCS 10MHz
channel bandwidth

Number of Number Cyclic | Propagation conditions and SNR (dB)
TX of Prefix correlation matrix
demodula
antennas tion (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low 1.8
2 Normal NTN-TDLA100-200 Low -5.0
11.3.6.1.2 ACK missed detection
11.3.6.1.2.1 Definition and applicability

The performance requirement of PUCCH format 1 for ACK missed detection is determined by the two parameters:
probability of false detection of the ACK and the probability of detection of ACK. The performance is measured by the
required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or
less.

The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK
when input is only noise.

The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is
present.

ETSI



3GPP TS 38.181 version 18.6.0 Release 18 199 ETSI TS 138 181 V18.6.0 (2025-07)

11.3.6.1.2.2 Minimum Requirement
For SAN type 1-O, the minimum requirement isin TS 38.108 [2], clause 11.3.1.7.

11.3.6.1.2.3 Test purpose

The test shall verify the receiver's ability to detect ACK bits under multipath fading propagation conditions for a given
SNR.

11.3.6.1.2.4 Method of test

11.3.6.1.2.4.1 Initial Conditions
Test environment; Normal; see annex B.2.
RF channels to be tested for single carrier (SC): M; see clause 4.9.1

Direction to be tested: OTA REFSENS receiver target reference direction (D.44).

11.3.6.1.2.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to TS 38.211 [8], and according to
additional test parameterslisted in table 11.3.6.1.2.4.2-1.

Table 11.3.6.1.2.4.2-1; Test Parameters for multi-slot PUCCH format 1

Parameter Value

Number of information bits 2
Number of PRBs 1
Number of symbols 14
First PRB prior to frequency hopping 0
Intra-slot frequency hopping disabled
Inter-slot frequency hopping enabled
First PRB after frequency hopping The largest PRB index - (nrofPRBs — 1)
Group and sequence hopping neither
Hopping ID 0
Initial cyclic shift 0
First symbol 0
Index of orthogonal cover code (timeDomainOCC) 0
Number of slots for PUCCH repetition 2

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G,2.

7) Adjust the test signal mean power so the calibrated radiated SNR value at the SAN receiver is as specified in
clause 11.3.6.1.2.5.1 for SAN type 1-O, and that the SNR at the SAN receiver is not impacted by the noise floor.

The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN
level intable 11.3.6.1.2.4.2-2.
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Table 11.3.6.1.2.4.2-2: AWGN power level at the SAN input

SAN type Subcarrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)
SAN type 1-O 15 5 -86.5 - Aorarersens dBm / 4.5MHz
30 10 -83.6 - Aorarersens dBm / 8.64MHz
NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

8) Thesignal generator sends atest pattern with the pattern outlined in figure 11.3.6.1.2.4.2-1. The following
statistics are kept: the number of ACK's detected in the idle periods and the number of missed ACKs.

ACK ACK ACK LA 4

Figure 11.3.6.1.2.4.2-1: Test signal pattern for PUCCH format 1 demodulation tests

11.3.6.1.2.5 Test Requirement

11.3.6.1.25.1 Test Requirement for SAN type 1-O

The fraction of falsely detected ACK hits shall be less than 1% and the fraction of correctly detected ACK bits shall be
larger than 99% for the SNR listed in table 11.3.6.1.2.5.1-1 and 11.3.6.1.2.5.1-2.

Table 11.3.6.1.2.5-1: Minimum requirements for multi-slot PUCCH format 1 with 15kHz SCS 5MHz
channel bandwidth

Number Number Cyclic Propagation conditions SNR (dB)
of TX of Prefix and correlation matrix
demodula
antennas tion (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low -1.3
2 Normal NTN-TDLA100-200 Low -7.4

Table 11.3.6.1.2.5-2: Minimum requirements for multi-slot PUCCH format 1 with 30kHz SCS 10MHz
channel bandwidth

Number Number Cyclic Propagation conditions SNR (dB)
of TX of Prefix and correlation matrix
demodula
antennas tion (Annex G)
branches
1 1 Normal NTN-TDLA100-200 Low -0.6
2 Normal NTN-TDLA100-200 Low -7.0

11.4  OTA performance requirements for PRACH

11.4.1 PRACH false alarm probability and missed detection

11.4.1.1 Definition and applicability

The performance requirement of PRACH for preamble detection is determined by the two parameters: total probability
of false detection of the preamble (Pfa) and the probability of detection of preamble (Pd). The performance is measured
by the required SNR at probability of detection, Pd of 99%. Pfa shall be 0.1% or less.

Pfais defined as a conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from
any detector) when input is only noise.
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Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection
consists of several error cases — detecting only different preamble(s) than the one that was sent, not detecting any
preamble at al, or detecting the correct preamble but with the out-of-bounds timing estimation value. For AWGN,
NTN-TDLA100-200, and NTN-TDLC5-1200, atiming estimation error occurs if the estimation error of the timing of
the strongest path islarger than the time error tolerance values given in table 11.4.1.1-1.

Table 11.4.1.1-1: Time error tolerance for AWGN, NTN-TDLA100-200, and NTN-TDLC5-1200

PRACH PRACH SCS Time error tolerance
preamble (kHz) AWGN NTN-TDLA100-200 NTN-TDLC5-1200
0 1.25 1.04 us 1.324 us N/A
2 1.25 1.04 us 1.324 us N/A
15 0.52 us 0.804 us N/A
B4, C2 30 0.26 us 0.544 us N/A
120 N/A N/A 0.13 us

The test preambles are listed in table A.4. Which specific test(s) are applicable to SAN is based on the test applicability
rules defined in clause 11.1.3.

11.4.1.2 Minimum requirement

For SAN type 1-O, the minimum requirement isin TS 38.108 [2] clause 11.4.1.1 and 11.4.1.2.

For SAN type 2-O, the minimum requirement isin TS 38.108 [2] clause 11.4.2.1 and 11.4.2.2.

11.4.1.3 Test purpose

The test shall verify the receiver's ability to detect PRACH preamble under static conditions and multipath fading
propagation conditions for a given SNR.

11.4.1.4 Method of test

11.4.1.4.1 Initial conditions
Test environment: Normal, see clause B.2.
RF channels to be tested for single carrier: M, see clause 4.9.1.

Direction to be tested: OTA REFSENS receiver target reference direction (see D.44 in table 4.6-1).

11.4.1.4.2 Procedure

1) Placethe SAN with its manufacturer declared coordinate system reference point in the same place as calibrated
point in the test system, as shown in annex D.7.

2) Align the manufacturer declared coordinate system orientation of the SAN with the test system.
3) Set the SAN in the declared direction to be tested.

4) Connect the SAN tester generating the wanted signal, multipath fading simulators and AWGN generatorsto a
test antenna via a combining network in OTA test setup, as shown in annex D.7. Each of the demodulation
branch signals should be transmitted on one polarization of the test antenna(s).

5) The characteristics of the wanted signal shall be configured according to the corresponding UL reference
measurement channel defined in annex A and the test parameter msgl-FrequencySart is set to 0.

6) The multipath fading emulators shall be configured according to the corresponding channel model defined in
annex G.

7) Adjust the AWGN generator, according to the SCS and channel bandwidth. The power level for the transmission
may be set such that the AWGN level at the RIB is equal to the AWGN level intable 11.4.1.4.2-1.
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Table 11.4.1.4.2-1: AWGN power level at the SAN input

SAN type Sub-carrier spacing Channel bandwidth AWGN power level
(kHz) (MHz)

SAN type 1-O 15 5 -83.5 - Aorarersens dBm / 4.5MHz
(Note 2) 30 10 -80.6 - Aorarersens dBm / 8.64MHz
SAN type 2-O 120 50 EISrersens_som + Arr2_Rersens + 15 dBm /

(Note 5) 46.08 MHz

NOTE 1: Aotarersens as declared in D.43 in table 4.6-1 and clause 10.1.

NOTE 2: The AWGN power level contains an AWGN offset of 16dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 16dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.

NNOTE 3: Arr2_rersens = -3 dB as described in clause 10.1, since the OTA REFSENS receiver target reference
direction (as declared in D.43 in table 4.6-1) is used for testing.

NOTE 4: EISrersens_som as declared in D.53 in table 4.6-1.

NOTE 5: The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the
AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the AWGN
level does not impact the validity of the test, as it reduces the effective base band SNR level.

8) Adjust the frequency offset of the test signal according to table 11.4.1.5.1-1 or 11.4.1.5.1-2 or 11.4.1.5.1-3 or
11.4.1.5.2-1.

9) Adjust the equipment so that the SNR specified intable 11.4.1.5.1-1 or 11.4.1.5.1-2 or 11.4.1.5.1-3 or 11.4.1.5.2-
lisachieved at the SAN input during the PRACH preambles.

10) Thetest signal generator sends a preamble and the receiver triesto detect the preamble. This pattern is repeated
asillustrated in figure 11.4.1.4.2-1. The preambles are sent with certain timing offsets as described below. The
following statistics are kept: the number of preambles detected in the idle period and the number of missed
preambles.

Preamble Preamble LN

Figure 11.4.1.4.2-1: PRACH preamble test pattern

Unless otherwise stated, the timing offset base value for PRACH preamble format 0 and 2 is set to 50% of Ncs. This
offset isincreased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, whichis
0.9us. Then the loop is being reset and the timing offset is set again to 50% of Ncs. The timing offset scheme for
PRACH preamble format 0 and 2 is presented in Figure 11.4.1.4.2-2.

Ous 0.1us 0.2us 0.3us 0.4us 0.5us 0.6us 0.7us 0.8us 0.9

Figure 11.4.1.4.2-2: Timing offset scheme for PRACH preamble format 0 and 2

Unless otherwise stated, the timing offset base value for PRACH preamble format B4 and C2 isset to 0. This offset is
increased within the loop, by adding in each step avalue of 0.1us, until the end of the tested range, which is 0.8us. Then
the loop is being reset and the timing offset is set again to 0. The timing offset scheme for PRACH preamble format B4
and C2 is presented in Figure 11.4.1.4.2-3.
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0.1us 0.2us 0.3us 0.4us 0.5us 0.6us

N

Figure 11.4.1.4.2-3: Timing offset scheme for PRACH preamble format B4 and C2

Ous 0.7us 0.8us

11.4.1.5 Test requirement

11.4.15.1 Test requirement for SAN type 1-O

Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRsin tables 11.4.1.5.1-1 to 11.4.1.5.1-3.

Table 11.4.1.5.1-1: PRACH missed detection test requirements, 1.25 kHz SCS

Number of TX dglrrﬁlgndbuelgtci);n Propagation conditions and Frequency BursStNR (dBI%urst
antennas b correlation matrix (annex G) offset
ranches format 0 | format 2
1 AWGN 0 -11.7 -17.1
1 NTN-TDLA100-200 Low 200 Hz 13 -9.1
2 AWGN 0 -14.2 -19.5
NTN-TDLA100-200 Low 200 Hz -6.2 -14.3

Table 11.4.1.5.1-2: PRACH missed detection test requirements, 15 kHz SCS

Number of TX Number Qf Propagation conditions and Frequency SNR (dB)
antennas demodulation correlation matrix (annex G) offset Burst Burst
branches format B4 | format C2
1 AWGN 0 -14.3 -8.9
1 NTN-TDLA100-200 Low 200 Hz -2.1 2.5
> AWGN 0 -16.5 -12.2
NTN-TDLA100-200 Low 200 Hz -8.4 -4.2

Table 11.4.1.5.1-3: PRACH missed detection test requirements, 30 kHz SCS

Number of TX Number Qf Propagation conditions and Frequency SNR (dB)
antennas demodulation correlation matrix (annex G) offset Burst Burst
branches format B4 | format C2

1 AWGN 0 -14.1 -8.9

1 NTN-TDLA100-200 Low 200 Hz -3.7 0.7

> AWGN 0 -16.2 -11.6

NTN-TDLA100-200 Low 200 Hz -9.4 -5.2

11.4.1.5.2 Test requirement for SAN type 2-O

Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRsin table 11.4.1.5.2-1.
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Table 11.4.1.5.2-1: PRACH missed detection test requirements, 120 kHz SCS

Number of TX dg‘#;ndbj;g;n Propagation conditions and Frequency Burs?NR (dBE)Burst
antennas branches correlation matrix (annex G) offset format B4 | format C2
1 1 NTN-TDLC5-1200 Low 3000 Hz -6.1 -2.7
2 NTN-TDLC5-1200 Low 3000 Hz -11.3 -8.0
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Annex A (normative):
Reference measurement channel

A.1  Fixed Reference Channels for RF Rx requirement
(QPSK, R=1/3)

The parameters for the reference measurement channel s are specified in table A.1-1 for FR1-NTN reference sensitivity
level, ACS, out-of-band blocking, in-channel selectivity, OTA sensitivity, OTA reference sensitivity level, OTA ACS,
OTA out-of-band blocking and OTA in-channel selectivity.

The reference measurement channels for the dynamic range requirement are captured in annex A.2.

FR2-NTN parameters for the reference measurement channels are specified in table A.1-2.

Table A.1-1: Fixed Reference Channels for SAN Rx requirements, FR1-NTN

Reference G- G- G- G- G- G- G- G- G- G- G-FR1-
channel FR1- FR1- FR1- FR1- FR1- FR1- FR1- FR1- FR1- FR1- NTN-
NTN- NTN- NTN- NTN- NTN- NTN- NTN- NTN- NTN- NTN- Al-11
Al-1 Al-2 Al-3 Al-4 Al-5 Al-6 Al-7 Al-8 Al1-9 | A1-10
Subcarrier 15 30 60 15 30 60 15 30 60 15 15
spacing (kHz)
Allocated 25 11 11 106 51 24 15 6 6 24 105
resource blocks
CP-OFDM 12 12 12 12 12 12 12 12 12 12 12
Symbols per slot
(Note 1)
Modulation QPSK | QPSK | QPSK | QPSK | QPSK | QPSK | QPSK | QPSK | QPSK | QPSK QPSK
Code rate (Note 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3
2)
Payload size 2152 984 984 9224 | 4352 2088 1320 528 528 2088 8968
(bits)
Transport block 16 16 16 24 24 16 16 16 16 16 24
CRC (bits)
Code block CRC - - - 24 - - - - - - 24
size (bits)
Number of code 1 1 1 2 1 1 1 1 1 1 2
blocks — C
Code block size 2168 1000 1000 | 4648 | 4376 2104 1336 544 544 2104 4520
including CRC
(bits) (Note 3)
Total number of 7200 | 3168 | 3168 | 30528 | 14688 | 6912 4320 1728 1728 | 6912 30240
bits per slot
Total symbols 3600 1584 1584 | 15264 | 7344 3456 2160 864 864 3456 15120
per slot

NOTE 1. UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with lo= 2, | = 11 as per table
6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity
and in-channel selectivity.

NOTE 3: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].
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Table A.1-2: Fixed Reference Channels for SAN Rx requirements, FR2-NTN

Reference channel G-FR2-NTN-A1-1 G-FR2-NTN-A1-2 G-FR2-NTN-A1-3
Subcarrier spacing (kHz) 60 120 120
Allocated resource blocks 66 32 66
CP-OFDM Symbols per slot (Note 1) 12 12 12
Modulation QPSK QPSK QPSK
Code rate (Note 2) 1/3 1/3 1/3
Payload size (bits) 5632 2792 5632
Transport block CRC (bits) 24 16 24
Code block CRC size (bits) - - -
Number of code blocks - C 1 1 1
Code block size including CRC (bits) (Note 3) 5656 2808 5656
Total number of bits per slot 19008 9216 19008
Total symbols per slot 9504 4608 9504
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position =
posl with lo=2,1=11 as per table 6.4.1.1.3-3 of TS 38.211 [8].
NOTE 2: MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size.
NOTE 3: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].
A.2  Fixed Reference Channels for dynamic range

(16QAM, R=2/3)

The parameters for the reference measurement channels are specified in table A.2-1 for FR1-NTN dynamic range and

OTA dynamic range.

Table A.2-1: Fixed Reference Channels for dynamic range and OTA dynamic range, FR1-NTN

Reference channel G-FR1- G-FR1- G-FR1- G-FR1- G-FR1- G-FR1-
NTN-A2-1 NTN-A2-2 NTN-A2-3 NTN-A2-4 NTN-A2-5 NTN-A2-6

Subcarrier spacing (kHz) 15 30 60 15 30 60
Allocated resource blocks 25 11 11 106 51 24
CP-OFDM Symbols per slot 12 12 12 12 12 12
(Note 1)
Modulation 16QAM 16QAM 16QAM 16QAM 16QAM 16QAM
Code rate (Note 2) 2/3 2/3 2/3 2/3 2/3 2/3
Payload size (bits) 9224 4032 4032 38936 18960 8968
Transport block CRC (bits) 24 24 24 24 24 24
Code block CRC size (bits) 24 - - 24 24 24
Number of code blocks — C 2 1 1 5 3 2
Code block size including CRC 4648 4056 4056 7816 6352 4520
(bits) (Note 3)
Total number of bits per slot 14400 6336 6336 61056 29376 13824
Total symbols per slot 3600 1584 1584 15264 7344 3456

NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position =
posl with lo= 2, | = 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: MCS index 16 and target coding rate = 658/1024 are adopted to calculate payload size.

NOTE 3: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].

A.3

requirements (QPSK, R=308/1024)

The parameters for the reference measurement channels are specified in table A.3-1 to table A.3-3 for FR1-NTN

PUSCH performance requirements:
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- FRC parameters are specified in table A.3-1 for FR1-NTN PUSCH with transform precoding disabled,
additional DM-RS position = posl and 1 transmission layer.

- FRC parameters are specified in table A.3-2 for FR1-NTN PUSCH with transform precoding enabled, additional

DM-RS position = posl and 1 transmission layer.

- FRC parameters are specified in table A.3-3 for FR1-NTN PUSCH with transform precoding disabled,
additional DM-RS position = posl and 1 transmission layer.

- FRC parameters are specified in table A.3-4 for FR1-NTN PUSCH with transform precoding disabled,
additional DM-RS position = posl and 1 transmission layer.

Table A.3-1: FRC parameters for FR1-NTN PUSCH performance requirements, transform precoding
disabled, additional DM-RS position = posl and 1 transmission layer (QPSK, R=308/1024)

Reference channel G-FR1-NTN-A3-1 G-FR1-NTN-A3-2
Subcarrier spacing (kHz) 15 30
Allocated resource blocks 25 24

CP-OFDM Symbols per slot (Note 1) 12 12
MCS table 64QAM 64QAM
Modulation QPSK QPSK
Code rate (Note 2) 308/1024 308/1024
Payload size (bits) 2152 2088
Transport block CRC (bits) 16 16
Code block CRC size (bits) - -
Number of code blocks - C 1 1
Code bhlock size including CRC (bits) (Note 2) 2168 2104
Total number of bits per slot 7200 6912
Total symbols per slot 3600 3456

NOTE 1:

NOTE 2:

DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS
CDM groups without data is 2, Additional DM-RS position = pos1, and lo= 2 and 1=11 for PUSCH mapping
type A, lo = 0 and | = 10 for PUSCH mapping type B as per table 6.4.1.1.3-3 of TS 38.211 [8].

Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].

Table A.3-2: FRC parameters for FR1-NTN PUSCH performance requirements, transform precoding
enabled, additional DM-RS position = posl and 1 transmission layer (QPSK, R=308/1024)

Reference channel G-FR1-NTN-A3-3 G-FR1-NTN-A3-4
Subcarrier spacing (kHz) 15 30
Allocated resource blocks 25 24

MCS table 64QAM 64QAM
CP-OFDM Symbols per slot (Note 1) 12 12
Modulation QPSK QPSK
Code rate (Note 2) 308/1024 308/1024
Payload size (bits) 2152 2088
Transport block CRC (bits) 16 16
Code block CRC size (bits) - -
Number of code blocks - C 1 1
Code block size including CRC (bits) (Note 2) 2168 2104
Total number of bits per slot 7200 6912
Total symbols per slot 3600 3456

NOTE 1:

NOTE 2:

DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS
CDM groups without data is 2, Additional DM-RS position = pos1, and lo= 2 and I=11 for PUSCH mapping
type A, lo = 0 and | = 10 for PUSCH mapping type B as per table 6.4.1.1.3-3 of TS 38.211 [8].

Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].
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disabled, additional DM-RS position = posl and 1 transmission layer (QPSK, R=308/1024)

Reference channel G-FR1-NTN-A3-5 G-FR1-NTN-A3-6
Subcarrier spacing (kHz) 15 30
Allocated resource blocks 12 12
CP-OFDM Symbols per slot (Note 1) 12 12
MCS table 640AM 64QAM
Modulation QPSK QPSK
Code rate (Note 2) 308/1024 308/1024
Payload size (bits) 1032 1032
Transport block CRC (bits) 16 16
Code block CRC size (bits) - -
Number of code blocks - C 1 1
Code block size including CRC (bits) (Note 2) 1048 1048
Total number of bits per slot 3456 3456
Total symbols per slot 1728 1728
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS
CDM groups without data is 2, Additional DM-RS position = pos1, and lo= 2 and I=11 for PUSCH mapping
type A, lo = 0 and | = 10 for PUSCH mapping type B as per table 6.4.1.1.3-3 of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].

Table A.3-4: FRC parameters for FR1-NTN PUSCH performance requirements, transform precoding

disabled, additional DM-RS position = posl and 1 transmission layer (QPSK, R=308/1024)

Reference channel G-FR1-NTN-A3-7 G-FR1-NTN-A3-8
Subcarrier spacing (kHz) 15 30
Allocated resource blocks 6 6
CP-OFDM Symbols per slot (Note 1) 12 12
MCS table 64QAM 64QAM
Modulation QPSK QPSK
Code rate (Note 2) 308/1024 308/1024
Payload size (bits) 528 528
Transport block CRC (bits) 16 16
Code block CRC size (bits) - -
Number of code blocks - C 1 1
Code block size including CRC (bits) (Note 2) 544 544
Total number of bits per slot 1728 1728
Total symbols per slot 864 864
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS
CDM groups without data is 2, Additional DM-RS position = pos1, and lo= 2 and | = 11 for PUSCH mapping
type A and lo= 0 and | = 10 for PUSCH mapping type B, as per table 6.4.1.1.3-3 of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].

A.3A Fixed Reference Channels for performance
requirements (QPSK, R=99/1024)

The parameters for the reference measurement channel are specified in table A.3A-1 for FR1I-NTN PUSCH

performance regquirements:

- FRC parameters are specified in table A.3A-1 for FR1-NTN PUSCH with transform precoding disabled,
additional DM-RS position = posl and 1 transmission layer.

The parameters for the reference measurement channel are specified in table A.3A-2 for FR2-NTN PUSCH

performance requirements:

- FRC parameters are specified in table A.3A-2 for FR2-NTN PUSCH with transform precoding disabled,
additional DM-RS position = posl and 1 transmission layer.
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Table A.3A-1: FRC parameters for FR1-NTN PUSCH performance requirements, transform precoding

disabled, additional DM-RS position = pos1 and 1 transmission layer (QPSK, R=99/1024)

Reference channel G-FR1-NTN-A3A-1 G-FR1-NTN-A3A-2
Subcarrier spacing (kHz) 15 30
Allocated resource blocks 25 24
CP-OFDM Symbols per slot (Note 1) 12 12
MCS table 64QAMLOWSE 64QAMLOWSE
Modulation QPSK QPSK
Code rate (Note 2) 99/1024 99/1024
Payload size (bits) 704 672
Transport block CRC (bits) 16 16
Code block CRC size (bits) - -
Number of code blocks - C 1 1
Code block size including CRC (bits) (Note 2) 720 688
Total number of bits per slot 7200 6912
Total symbols per slot 3600 3456
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS
CDM groups without data is 2, Additional DM-RS position = pos1, and lo= 2 and I= 11 for PUSCH mapping
type A, and lo= 0 and |= 10 for PUSCH type B, as per table 6.4.1.1.3-3 of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].

Table A.3A-2: FRC parameters for FR2-NTN PUSCH performance requirements, transform precoding
disabled, additional DM-RS position = pos1 and 1 transmission layer (QPSK, R=99/1024)

Reference channel G-FR2-NTN-A3A-1
Subcarrier spacing (kHz) 120
Allocated resource blocks 32
CP-OFDM Symbols per slot (Note 1) 8
MCS table 64QAMLOWSE
Modulation QPSK
Code rate (Note 2) 99/1024
Payload size (bits) 608
Transport block CRC (bits) 16
Code block CRC size (bits) -
Number of code blocks - C 1
Code block size including CRC (bits) (Note 2) 624
Total number of bits per slot 6144
Total symbols per slot 3072
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and the
number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos1, and
lo= 0 and | = 8 for PUSCH mapping type B, as per table 6.4.1.1.3-3 of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K' in clause 5.2.2 of TS 38.212 [7].

A.4  PRACH test preambles
Table A.4-1 Test preambles in FR1-NTN
Burst format SCS (kHz) Ncs Logice_ll sequence v
index
0 1.25 13 22 32
2 1.25 13 22 32
15 23 0 0
B4, C2 30 46 0 0
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Table A.4-2 Test preambles in FR2-NTN

SCS (kHz) NeCs Loglcgl sequence
index

B4, C2 120 69 0 0

Burst format

A.5 Fixed Reference Channels for performance
requirements (QPSK, R=193/1024)

The parameters for the reference measurement channels are specified in table A.5-1 to table A.5-2 for FR2-NTN
PUSCH performance requirements:

- FRC parameters are specified in table A.5-1 for FR2-NTN PUSCH with transform precoding disabled,
additional DM-RS position = posl and 1 transmission layer.

- FRC parameters are specified in table A.5-2 for FR2-NTN PUSCH with transform precoding enabled, additional
DM-RS position = posl and 1 transmission layer.

Table A.5-1: FRC parameters for FR2-NTN PUSCH performance requirements, transform precoding
disabled, additional DM-RS position = posl and 1 transmission layer (QPSK, R=193/1024)

Reference channel G-FR2-NTN-A5-1
Subcarrier spacing (kHz) 120
Allocated resource blocks 32
CP-OFDM Symbols per slot (Note 1) 8
MCS table 64QAM
Modulation QPSK
Code rate (Note 2) 193/1024
Payload size (hits) 1160
Transport block CRC (bits) 16
Code block CRC size (bits) -
Number of code blocks - C 1
Code block size including CRC (bits) (Note 2) 1176
Total number of bits per slot 6144
Total symbols per slot 3072
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and
the number of DM-RS CDM groups without data is 2, Additional DM-RS position
= posl, and lo= 0 and | = 8 for PUSCH mapping type B, as per table 6.4.1.1.3-3
of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K" in clause 5.2.2 of
TS 38.212 [7].
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Table A.5-2: FRC parameters for FR2-NTN PUSCH performance requirements, transform precoding
enabled, additional DM-RS position = pos1 and 1 transmission layer (QPSK, R=193/1024)

Reference channel G-FR2-NTN-A5-2
Subcarrier spacing (kHz) 120
Allocated resource blocks 30
DFT-s-OFDM Symbols per slot (Note 1) 8
MCS table 64QAM
Modulation QPSK
Code rate (Note 2) 193/1024
Payload size (bits) 1128
Transport block CRC (bits) 16
Code block CRC size (bits) -
Number of code blocks - C 1
Code block size including CRC (bits) (Note 2) 1144
Total number of bits per slot 5760
Total symbols per slot 2880
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and
the number of DM-RS CDM groups without data is 2, Additional DM-RS position
= posl, and lo= 0 and | = 8 for PUSCH mapping type B, as per table 6.4.1.1.3-3
of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K' in clause 5.2.2 of
TS 38.212 [7].

A.6

Fixed Reference Channels for performance

requirements (16QAM, R=434/1024)

The parameters for the reference measurement channels are specified in table A.6-1 for FR2-NTN PUSCH performance

requirements:

- FRC parameters are specified in table A.6-1 for FR2-NTN PUSCH with transform precoding disabled,

additional DM-RS position = posl and 1 transmission layer.

Table A.6-1: FRC parameters for FR2-NTN PUSCH performance requirements, transform precoding
disabled, additional DM-RS position = posl and 1 transmission layer (16QAM, R=434/1024)

Reference channel G-FR2-NTN-A6-1
Subcarrier spacing (kHz) 120
Allocated resource blocks 32
CP-OFDM Symbols per slot (Note 1) 8
MCS table 640QAM
Modulation 16QAM
Code rate (Note 2) 434/1024
Payload size (bits) 5248
Transport block CRC (bits) 24
Code block CRC size (bits) -
Number of code blocks - C 1
Code block size including CRC (bits) (Note 2) 5272
Total number of bits per slot 12288
Total symbols per slot 3072
NOTE 1: DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS and
the number of DM-RS CDM groups without data is 2, Additional DM-RS position
= posl, and lo= 0 and | = 8 for PUSCH mapping type B, as per table 6.4.1.1.3-3
of TS 38.211 [8].
NOTE 2: Code block size including CRC (bits) equals to K" in clause 5.2.2 of
TS 38.212 [7].
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Annex B (informative):
Environmental requirements for the SAN equipment

B.1 General

For each test in the present document, the environmental conditions under which the SAN isto be tested are defined.

For OTA requirements where it is not possible to environmentally control the entire calibrated OTA chamber either
localised control of the SAN hardware or aternative OTA measurements which are then related to the original
specification are acceptable, see annex B.6.

SAN involves two categories of equipment, differentiated by the operation environment:
- Equipment deployed in space as part of Satellite Payload RF (SPRF)
- Equipment deployed on the ground (SAN terrestrial equipment).

B.2 Normal test environment

B.2.1 Normal test environment for SPRF

When anormal test environment is specified for atest, the SPRF shall be tested within the minimum and maximum
limits of the conditions stated in table B.2.1-1.

Additional environmental parameters specific to space operation might be considered and included in test report.

Table B.2.1.-1: Limits of conditions for normal test environment for SPRF

Condition SAN declarations listed in Table 4.6-1

Barometric pressure Range of values as declared in D.54

Temperature Range of values as declared in D.55

Relative humidity Range of values as declared in D.56

Power supply Nominal, as declared by the manufacturer in D.59.

Vibration As declared by manufacturer in D.57.

Other additional parameters As declared by manufacturer in D58.

NOTE:  Space operation conditions are defined outside 3GPP and are depending on characteristics of

each application.

B.2.2 Normal test environment for SAN terrestrial equipment

When a normal test environment is specified for atest, the SAN terrestrial equipment shall be tested within the
minimum and maximum limits of the conditions stated in table B.2.2-1.

Table B.2.2.-1: Limits of conditions for normal test environment for SAN terrestrial equipment

Condition Minimum Maximum
Barometric pressure 86 kPa 106 kPa
Temperature 15°C 30 °C
Relative humidity 20 % 85 %
Power supply Nominal, as declared by the manufacturer
Vibration Negligible
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The ranges of barometric pressure, temperature and humidity represent the maximum variation expected in the
uncontrolled environment of atest Iaboratory. If it isnot possible to maintain these parameters within the specified
limits, the actual values shall be recorded in the test report.

B.3 Void

B.4  Vibration

When vibration conditions are specified for atest, the test shall be performed while the equipment is subjected to a
vibration sequence as defined by the manufacturer's declaration for the equipment under test.

For SPRF this shall use the environment test equipment and methods including the required environmental phenomena
into the equipment, conforming to the test procedures specific to space equipment, as declared by the manufacturer.For
SAN terrestrial equipment this shall use the environmental test equipment and methods of inducing the required
environmental phenomenain to the equipment, conforming to the test procedure of IEC 60 068-2-6 [16]. Other
environmental conditions shall be within the ranges specified in annex B.2. It is allowed to exclude from this test
condition the equipment which is difficult to include due to size limitations. Such exclusion shall be recorded in the test
report.

NOTE: The higher levels of vibration may induce undue physical stressin to equipment after a prolonged series
of tests. The testing body should only vibrate the equipment during the RF measurement process.

B.5 Measurement of test environment

The measurement accuracy of the test environments defined in annex B shall be:
Pressure: £5 kPa
Temperature: +2 degrees
Relative humidity: 5%
DCvoltage: +£1.0%
ACvoltage: 1.5%
Vibration: 10 %
Vibration frequency: 0.1 Hz

The above values shall apply unless the test environment is otherwise controlled and the specification for the control of
the test environment specifies the uncertainty for the parameter.
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Annex C (informative):
Test tolerances and derivation of test requirements

The test requirements explicitly defined in this specification have been calculated by relaxing the minimum
requirements of the core specification TS 38.108 [2] using the test tolerances (TT) defined here. Whenthe TT valueis
zero, the test requirement will be the same as the minimum requirement. When the TT value is non-zero, the test
requirements will differ from the minimum requirements, and the formula used for this relaxation is given in the
following tables.

The TTora values are derived from OTA Test System uncertainties, regulatory requirements and criticality to system
performance. Asaresult, the TTora values may sometimes be set to zero.

The TTora values should not be modified for any reason e.g. to take account of commonly known OTA Test System
errors (such as mismatch, cable loss, etc.).

Note that aformulafor applying TTora valuesis provided for all OTA tests, even those with atest tolerance of zero.
Thisis necessary in the case where the OTA Test System uncertainty is greater than that allowed in clause 4.1.2. In this
event, the excess error can be subtracted from the defined TTora value in order to generate the correct tightened test
requirements as defined in this annex.

C.1 Measurement of transmitter

Table C.1-1: Derivation of test requirements for conducted transmitter tests

Test Minimum Test Tolerance Test requirement in the
requirement in (TT) present document
TS 38.108 [2]
6.2 SAN output power clause 6.2 0.7 dB Formula:
Upper limit + TT, Lower limit
=TT
6.3 Output power dynamics clause 6.3 0.4 dB Formula:
Total power dynamic range
—TT (dB)
6.5.1 Frequency error clause 6.5.1 12 Hz Formula:
Frequency Error limit + TT
6.5.2 Modulation quality (EVM) clause 6.5.2 1% Formula:
EVM limit + TT
6.6.2 Occupied bandwidth clause 6.6.2 0 Hz Formula:
Minimum Requirement + TT
6.6.3 Adjacent Channel Leakage clause 6.6.3 ACLR: Formula:
Power Ratio (ACLR) BW < 20MHz: ACLR Minimum
0.8dB Requirement - TT
6.6.4 Out-of-band emissions clause 6.6.4 0dB Formula:
Minimum Requirement + TT
6.6.5 Transmitter spurious clause 6.6.5 0dB Formula:
emissions Minimum Requirement + TT

NOTE 1: TT values are applicable for normal condition unless otherwise stated.
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Table C.1-2: Derivation of test requirements for FR1-NTN OTA transmitter tests

Test Minimum requirement in Test Tolerance Test requirement in the
TS 38.108 [2] (TTota) present document
9.2 Radiated transmit | clause 9.2 1.1dB Formula:
power Upper limit + TT, Lower limit —
1T
9.3 OTA SAN output | clause 9.3 1.4dB Formula:
power Upper limit + TT, Lower limit —
1T
9.4 OTA output power | clause 9.4 0.4 dB Formula:
dynamics Total power dynamic range — TT
9.6.1 OTA frequency | clause 9.6.1 12 Hz Formula:
Error Frequency Error limit + TT
9.6.2 OTA Modulation | clause 9.6.2 1% Formula:
quality (EVM) EVM limit + TT
9.7.2 OTA occupied clause 9.7.2 0 Hz Formula:
bandwidth Minimum Requirement + TT
9.7.3 OTA Adjacent clause 9.7.3 Relative:1 dB Formula:
Channel Leakage Relative limit - TT
Power Ratio (ACLR)
9.7.4 OTA out-of- clause 9.7.4 0dB Formula:
band emissions Minimum Requirement + TT
9.7.5.2General clause 9.7.5.2.2 0dB Formula:

transmitter spurious
emissions

Minimum Requirement + TT

NOTE:

TT values are applicable for normal condition unless otherwise stated.

Table C.1-3: Derivation of test requirements for FR2-NTN OTA transmitter tests

Test Minimum requirement Test Tolerance Test requirement in the
in TS 38.108 [2] (TTota) present document
9.2 Radiated transmit clause 9.2 Normal conditions: Formula:
power 1.7 dB Upper limit + TT, Lower limit —
Extreme conditions: TT
3.1dB
9.3 OTA SAN output clause 9.3 2.1dB Formula:
power Upper limit + TT, Lower limit —
T

9.4 OTA output power clause 9.4 0.4 dB Formula:
dynamics Total power dynamic range — TT
9.6.1 OTA frequency clause 9.6.1 12 Hz Formula:
Error Frequency Error limit + TT
9.6.2 OTA Modulation clause 9.6.2 1% Formula:
quality (EVM) EVM limit + TT
9.7.2 OTA occupied clause 9.7.2 0 Hz Formula:
bandwidth Minimum Requirement + TT
9.7.3 OTA Adjacent clause 9.7.3 Relative:2.3 dB Formula:
Channel Leakage Power Relative limit - TT
Ratio (ACLR)
9.7.4 OTA out-of-band clause 9.7.4 0dB Formula:
emissions Minimum Requirement + TT
9.7.5.2General clause 9.7.5.2.2 0dB Formula:
transmitter spurious Minimum Requirement + TT
emissions

NOTE:

TT values are applicable for normal condition unless otherwise stated.
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C.2

Measurement of receiver

Table C.2-1: Derivation of test requirements for conducted receiver tests

Test Minimum requirement in Test Tolerance Test requirement in the
TS 38.108 [2] (TT) present document
7.2 Reference clause 7.2 0.7dB Formula: Reference
sensitivity level sensitivity power level + TT
7.3 Dynamic range clause 7.3 0.3dB Formula: Wanted signal
power + TT
7.4 In-band selectivity clause 7.4 0dB Formula: Wanted signal
and blocking power + TT
7.5 Out-of-band clause 7.5 0dB Formula: Wanted signal
blocking power + TT
7.8 In-channel clause 7.8 1.4dB Formula: Wanted signal
selectivity power + TT

NOTE:TT values are applicable for normal condition unless otherwise stated.

Table C.2-2: Derivation of test requirements for FR1-NTN OTA receiver tests

Test Minimum requirement Test Tolerance Test requirement in the present
in TS 38.108 [2] (TTora) document
10.2 OTA sensitivity clause 10.2 1.3dB Formula:
Declared Minimum EIS + TT
10.3 OTA reference clause 10.3 1.3dB Formula:
sensitivity level EISrersens + TT
10.4 OTA dynamic range clause 10.4 0.3dB Formula:
Wanted signal power + TT
Interferer signal power
unchanged.
10.5.1 OTA adjacent clause 10.5.1 0dB Formula:
channel selectivity Wanted signal power + TT
Interferer signal power
unchanged.
10.6 OTA out-of-band clause 10.6 0dB Formula:
blocking Wanted signal power + TT
10.9 OTA in-channel clause 10.9 1.7 dB Formula:
selectivity Wanted signal power + TT
Interferer signal power unchanged

NOTE:

TT values are applicable for normal condition unless otherwise stated.

Table C.2-3: Derivation of test requirements for FR2-NTN OTA receiver tests

Test Minimum requirement Test Tolerance Test requirement in the present
in TS 38.108 [2] (TTora) document
10.3 OTA reference clause 10.3 2.4dB Formula:
sensitivity level EISrersens + TT
10.5.1 OTA adjacent clause 10.5.1 0dB Formula:
channel selectivity Wanted signal power + TT
Interferer signal power
unchanged.
10.6 OTA out-of-band clause 10.6 0dB Formula:
blocking Wanted signal power + TT
10.9 OTA in-channel clause 10.9 3.4dB Formula:
selectivity Wanted signal power + TT
Interferer signal power unchanged

NOTE:

TT values are applicable for normal condition unless otherwise stated.
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C.3

Measurement of performance requirements

Table C.3-1: Derivation of Test Requirements (Performance tests)

Test

Minimum Requirement in
TS 38.108 [2]

Test Tolerance
(am

Test requirement in the present
document

8.2.1 Performance
requirements for PUSCH with
transform precoding disabled

SNRs as specified

[0.6] dB for 1Tx
cases

Formula: SNR + TT
T-put limit unchanged

8.2.2 Performance
requirements for PUSCH with
transform precoding enabled

SNRs as specified

[0.6] dB

Formula: SNR + TT
T-put limit unchanged

8.2.3 Performance
requirements for UL timing
adjustment

SNRs as specified

[0.3] dB for AWGN

Formula: SNR + TT
T-put limit unchanged

8.2.4 Performance SNRs as specified [0.6] dB Formula: SNR + TT
requirements for PUSCH T-put limit unchanged
repetition Type A
8.2.5 Performance SNRs as specified [0.6] dB Formula: SNR + TT
requirements for PUSCH with T-put limit unchanged
DM-RS bundling
8.3.1 Performance SNRs as specified [0.6] dB Formula: SNR + TT
requirements for PUCCH False ACK limit unchanged
format 0 Correct ACK limit unchanged
8.3.2 Performance SNRs as specified [0.6] dB Formula: SNR + TT
requirements for PUCCH False ACK limit unchanged
format 1 False NACK limit unchanged
Correct ACK limit unchanged
8.3.3 Performance SNRs as specified [0.6] dB Formula: SNR + TT
requirements for PUCCH False ACK limit unchanged
format 2 Correct ACK limit unchanged
UCI BLER limit unchanged
8.3.4 Performance SNRs as specified [0.6] dB Formula: SNR + TT
requirements for PUCCH UCI BLER limit unchanged
format 3
8.3.5 Performance SNRs as specified [0.6] dB Formula: SNR + TT

requirements for PUCCH
format 4

UCI BLER limit unchanged

8.4.1 PRACH false alarm
probability and missed
detection

SNRs as specified

[0.6] dB for fading
cases

[0.3] dB for AWGN
cases

Formula: SNR + TT

PRACH false detection limit
unchanged

PRACH detection limit unchanged
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Table C.3-2: Derivation of test requirements (FR1-NTN OTA performance tests)

Test Minimum Requirement Test Test requirement in the present
in TS 38.108 [2] Tolerance document
(TTota)

11.2.1 Performance requirements | See clause 11.2.1.1 [0.6] dB Formula: SNR + TTorta

for PUSCH with transform T-put limit unchanged

precoding disabled

11.2.2 Performance requirements | See clause 11.2.1.2 [0.6] dB Formula: SNR + TTota

for PUSCH with transform T-put limit unchanged

precoding enabled

11.2.3 Performance requirements | See clause 11.2.1.3 [0.3] dB for Formula: SNR + TTorta

for UL timing adjustment AWGN cases | T-put limit unchanged

11.2.4 Performance requirements | See clause 11.2.1.4 [0.6] dB Formula: SNR + TTota

for PUSCH repetition Type A BLER limit unchanged

11.2.5 Performance requirements | See clause 11.2.1.5 [0.6] dB Formula: SNR + TTota

for PUSCH with DM-RS bundling BLER limit unchanged

11.3.1 Performance requirements | See clause 11.3.1.1 [0.6] dB Formula: SNR + TTorta

for PUCCH format 0 False ACK limit unchanged
Correct ACK limit unchanged

11.3.2 Performance requirements | See clause 11.3.1.3 [0.6] dB Formula: SNR + TTota

for PUCCH format 1 False ACK limit unchanged
False NACK limit unchanged
Correct ACK limit unchanged

11.3.3 Performance requirements | See clause 11.3.1.4 [0.6] dB Formula: SNR + TTota

for PUCCH format 2 False ACK limit unchanged
Correct ACK limit unchanged
UCI BLER limit unchanged

11.3.4 Performance requirements | See clause 11.3.1.5 [0.6] dB Formula: SNR + TTota

for PUCCH format 3 UCI BLER limit unchanged

11.3.5 Performance requirements | See clause 11.3.1.6 [0.6] dB Formula: SNR + TTota

for PUCCH format 4 UCI BLER limit unchanged

11.4.1 PRACH false alarm See clause 11.4.1 [0.6] dB for Formula: SNR + TTota

probability and missed detection fading cases PRACH False detection limit

[0.3] dB for unchanged
AWGN cases | PRACH detection limit unchanged

NOTE:

TT values are applicable for normal condition unless otherwise stated.
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Table C.3-3: Derivation of test requirements (FR2-NTN OTA performance tests)

Test Minimum Requirement Test Test requirement in the present
in TS 38.108 [2] Tolerance document
(TTota)

11.2.1 Performance requirements | See clause 11.2.1.1 [0.6] dB Formula: SNR + TTorta

for PUSCH with transform T-put limit unchanged

precoding disabled

11.2.2 Performance requirements | See clause 11.2.1.2 [0.6] dB Formula: SNR + TTota

for PUSCH with transform T-put limit unchanged

precoding enabled

11.2.3 Performance requirements | See clause 11.2.1.3 [0.3] dB for Formula: SNR + TTorta

for UL timing adjustment AWGN cases | T-put limit unchanged

11.2.4 Performance requirements | See clause 11.2.1.4 [0.6] dB Formula: SNR + TTota

for PUSCH repetition Type A BLER limit unchanged

11.3.1 Performance requirements | See clause 11.3.1.1 [0.6] dB Formula: SNR + TTota

for PUCCH format 0 False ACK limit unchanged
Correct ACK limit unchanged

11.3.2 Performance requirements | See clause 11.3.1.3 [0.6] dB Formula: SNR + TTota

for PUCCH format 1 False ACK limit unchanged
False NACK limit unchanged
Correct ACK limit unchanged

11.3.3 Performance requirements | See clause 11.3.1.4 [0.6] dB Formula: SNR + TTota

for PUCCH format 2 False ACK limit unchanged
Correct ACK limit unchanged
UCI BLER limit unchanged

11.3.4 Performance requirements | See clause 11.3.1.5 [0.6] dB Formula: SNR + TTota

for PUCCH format 3 UCI BLER limit unchanged

11.3.5 Performance requirements | See clause 11.3.1.6 [0.6] dB Formula: SNR + TTota

for PUCCH format 4 UCI BLER limit unchanged

11.4.1 PRACH false alarm See clause 11.4.1 [0.6] dB for Formula: SNR + TTorta

probability and missed detection fading cases PRACH False detection limit

[0.3] dB for unchanged
AWGN cases | PRACH detection limit unchanged

NOTE:

TT values are applicable for normal condition unless otherwise stated.
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Annex D (informative):
Measurement system set-up

D.1  SAN type 1-H transmitter

D.1.1 SAN output power, output power dynamics, frequency error,
EVM, unwanted emissions for SAN type 1-H

TAB connectors may be connected to the measurement equipment singularly and tested one at atime (figure D.1.1-1),
or may be tested simultaneously in groups (figure D.1.1-2) where the group size may range from two to all the TAB
connectors which are subject to particular transmitter test in this test setup.

In al cases the measurement is per TAB connector but the measurement may be donein parallel.

Transceiver array boundary

#1
Measurement
" equipment
H—V Load

——  l—»{ Load

1 H
1 H
Transceiver unit array \

Transceiver array boundary connector TAB(n)

Figure D.1.1-1: Measuring system set-up for SAN type 1-H output power, output power dynamics,
frequency error, EVM, unwanted emissions for a single TAB connector
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transceiver array boundary

Measurement
Equipment

A 4

#K

transceiver unit array \

Transceiver array boundary connector TAB(n)

A 4

Figure D.1.1-2: Measuring system set-up for SAN type 1-H output power, output power dynamics,
frequency error, EVM, unwanted emissions for multiple TAB connectors

D.1.2 Transmitter intermodulation for SAN type 1-H

The requirement and the measuring system set-up are not applicable in this version of the specification.

D.1.3 Transmitter spurious emissions for SAN type 1-H

TAB connectors may be connected to the measurement equipment singularly and tested one at atime (figure D.1.3-1),
or may be tested simultaneously in groups (figure D.1.3-2) where the group size may range from two to al the TAB
connectors which are subject to transmitter spurious emissions test.

In al cases the measurement is per TAB connector but the measurement may be donein parallel.

Transceiver array boundary

#1 TX Measurement

#
1 Load

notch | equipment

A

——  l—»{ Load

1 H
1 H
Transceiver unit array \

Transceiver array boundary connector TAB(n)

Figure D.1.3-1: Measuring system set-up for transmitter spurious emissions for a single TAB
connector
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Transceiver array boundary

TX notch »| Measurement

2 equipment
TX notch

A

A 4

#K

___________________ .
Transceiver unit array \

Transceiver array boundary connector TAB(n)

TX notch >

Figure D.1.3-2: Measuring system set-up for transmitter spurious emissions for multiple TAB
connectors in parallel test

D.1.4 Time alignment error for SAN type 1-H

The requirement and the measuring system set-up are not applicable in this version of the specification.

D.2  SAN type 1-H receiver

D.2.1 Reference sensitivity level for SAN type 1-H

transceiver array boundary

-A Signal generator for the

#o
S W v

wanted signal

———J—»{ Load

1
1 H
transceiver unit array \

Transceiver array boundary connector TAB(n)

Figure D.2.1-1: Measuring system set-up for SAN type 1-H reference sensitivity level test
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D.2.2 Receiver dynamic range for SAN type 1-H

___________________

transceiver unit array

transceiver array boundary

Hybrid

A

Signal generator for the
wanted signal

Load

Load

1

Signal generator for the
AWGN interfering

cignal

Transceiver array boundary connector TAB(n)

Figure D.2.2-1: Measuring system set-up for SAN type 1-H dynamic range test

D.2.3 Receiver adjacent channel selectivity and narrowband
blocking for SAN type 1-H

___________________

___________________

transceiver unit array

transceiver array boundary

Signal generator for the
wanted signal

ATT1 (e

Hybrid

Load

Load

L

Signal generator for the
interfering signal

ATT2 [

Transceiver array boundary connector TAB(n)

Figure D.2.3-1: Measuring system set-up for SAN type 1-H adjacent channel selectivity
and narrowband blocking test

D.2.4 Receiver spurious emissions

The requirement and the measuring system set-up are not applicable in this version of the specification.
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D.2.5 Receiver In-channel selectivity for SAN type 1-H

transceiver array boundary

Signal generator for the

! :
| #1} wanted signal and
1

:—-4— Hybrid j interfering signal
| 42l
:42-—> Load

—— ) J— Load
1 H
transceiver unit array \

Figure D.2.5-1: Measuring system set-up for SAN type 1-H in-channel selectivity test

D.2.6 Receiver intermodulation for SAN type 1-H

The requirement and the measuring system set-up are not applicable in this version of the specification.

D.3  SAN type 1-H, SAN type 1-O and SAN type 2-O
transmitter

The OTA chamber configuration shown in this section is intended to be generic and may represent any suitable OTA
chamber (e.g. far field anechoic chamber, Compact Antenna Test Range (CATR), near field chamber, Reverberation
chamber).

Thelink between the satellite and the Gateway is made in conducted mode. The Gateway equipment (modems, RF chain,
commands, telemetries, etc.) may be partially or completely located outside the chamber.
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D.3.1 Radiated transmit power, output power, output power
dynamics, transmitted signal quality, OTA unwanted
emissions, OTA transmitter spurious emissions

VVVVVVVVVWVVVVVWVVVVS

Test system
calibrated point Declared coordinate reference

| H . .
Satellite point and orientation
Test antenna
Measurement
equipment

>
2

V

VVVVVVVV

o
o
n
=
o
=
®

Gateway
equipment

AMANAANNNAAAANANAS

Test system enclosure

Figure D.3.1-1: Measurement set up for radiated transmit power, OTA output power dynamics and
OTA transmitted signal quality

D.4  SAN type 1-H, SAN type 1-O and SAN type 2-O
receiver

The OTA chamber configurations shown in this section are intended to be generic and may represent any suitable OTA
chamber (e.g. Far field anechoic chamber, Compact Antenna Test Range (CATR), Near field chamber).

The link between the satellite and the Gateway is made in conducted mode. The Gateway equipment (modems, RF chain,
commands, telemetries, etc.) may be partially or completely located outside the chamber.
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D.4.1 OTA sensitivity and OTA reference sensitivity level

<VVVVVVVVVVVVVWVVVVVVS

Test system
calibrated point Declared coordinate reference
! point and orientation

Satellite
Test antenna

Signal generator for
the wanted signal

VVVVVVVV

U
o
(%]
=
o
]
0]

Gateway
equipment

MNAANNANNANANANNNNNNAN

Test system enclosure

=
<
-

VVV

A

Figure D.4.1-1: Measurement set up for OTA sensitivity and OTA reference sensitivity level

D.4.2 OTA dynamic range, OTA ACS, OTAICS

VVVVVVVVVVVVVVVVVVVY S gt gt

the wanted signal

V

Test system
calibrated point Declared coordinate reference ,L
| . . .
Satellite point and orientation 2 Attenuator 1

Test antenna

é Coupler

Attenuator 1
4

X

VVVVAVVVV

Positione

Gateway
equipment

NNAANNNNNNNNNNNNNNNN

Test system enclosure

I
|
1
1
|
X Signal generator for
the unwanted signal

ANAA

VWV

Figure D.4.2-1: Measurement set up for OTA dynamic range, OTA ACS, OTA ICS
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D.4.3 OTA out-of-band blocking

AT AV AR AR TATASS

Test system

calibrated point Declared coordinate reference é
! point and orientation

Signal generator for

Satellite :
the wanted signal

Test antenna

(in-band)
Test antenna Signal generator for
§ the unwanted signal

VVVWAWWVVV

(out-of-band)

T
o
(%]
=
o
5
)

Gateway
equipment

MANNANAANANS

Test system enclosure

VVV

Figure D.4.3-1: Measurement set up for general OTA out-of-band blocking

D.5 Void
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D.6

SAN type 1-H performance requirements

D.6.1 Performance requirements for PUSCH, single user PUCCH,
PRACH on single antenna port in multipath fading
conditions

) ) transceiver array boundary
transceiver unit array
FooTT T T T T T T T, Channel SAN
! : #1 Simulator tester
i | < AWGN
: ! Generator 4
i i v
| —— —»{ Load
i ;—#K-—b Load
Transceiver array boundary connector TAB(n)
HARQ feedback (only for PUSCH)
Figure D.6.1-1: Functional set-up for performance requirements for PUSCH, single user PUCCH,

Fooommmmmmmmooooooy Channel

| : #1 .‘ Simulator SAN
: i < AWGN tester
: ! Generator

i ! A

: ! i Channel

| ! #2 Simulator

' —

! : AWGN

! H . : Generator

| o '

! | #K

! ————{—» Load

: H

1

Figur

PRACH on single antenna port in multipath fading conditions for SAN with 1Rx

) ) transceiver array boundary
transceiver unit array

Transceiver array boundary connector TAB(n)

HARQ feedback (only for PUSCH)

e D.6.1-2: Functional set-up for performance requirements for PUSCH, single user PUCCH,

PRACH on single antenna port in multipath fading conditions for SAN with Rx diversity (2 Rx case

shown)

NOTE 1: The HARQ Feedback could be done as an RF feedback or as a digital feedback. The HARQ Feedback

should be error free.
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D.6.2 Performance requirements for PUSCH and PRACH in static
conditions

transceiver array boundary

transceiver unit array
F--— TS Tomoso-----ee SAN

#1 . P tester
- AWGN

Generator

ALY TN

k] load

Transceiver array boundary connector TAB(n)

Figure D.6.2-1: Functional set-up for performance requirements for PUSCH and PRACH in static
conditions for SAN with 1Rx case shown

) ) transceiver array boundary
transceiver unit array

o mmmmmmmm e mmm ey
1 1
! | #1 P SAN
! | - AWGN tester
! ' Generator
! |
1 ! :
1 1 #2
| e
1
| : AWGN
' i : : Generator
: : H H
| | #K
! L #<@ 5 Load
: H
1

Transceiver array boundary connector TAB(n)

Figure D.6.2-2: Functional set-up for performance requirements for PUSCH and PRACH in static
conditions for SAN with Rx diversity (2 Rx case shown)
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D.6.3 Performance requirements for UL timing adjustment

) ) transceiver array boundary
transceiver unit array

FoTTTTTTTTTTTTTTTTS

! | #1 < SAN

! ' - AWGN tester
I ' Generator

! : Stationary
| | 42 e

! —J Je—+ Moving
. ! AWGN UE

! : . : Generator

i vt ' A

; - ] Load

1

1

Transceiver array boundary connector TAB(n)

HARQ feedback (only for PUSCH)

Figure D.6.3-1: Functional set-up for performance requirement for UL timing adjustment

NOTE: TheHARQ feedback and TA commands could be done as an RF feedback or as adigital feedback. The
HARQ feedback and TA commands should be error free.

D.7  SAN type 1-O and 2-O performance requirements

EVAVAVAVAVES

/
} \/
> E
Signal generator for the Ps Test antenna p
— — !
AWGN signal 7 AT | b / SAN b
[ 1 ’\ “J
' i . ~
Hybrid |- PA ———O—C 8, <
777777777777777777 ) [ ~/ '.J‘P
Signal generator for the 1 Fading channel 1% ATT2 | > 0 )
wanted signal " emulator #1 ' N /f b
S [~ &
\/ SAN declared 4
2 coordinate reference b
\/\ point and orientation

Test system enclosure

Figure D.7-1: Measurement set up for single TX, single demodulation branch radiated performance
requirements

ETSI



3GPP TS 38.181 version 18.6.0 Release 18 231 ETSI TS 138 181 V18.6.0 (2025-07)

Signal generator for the /\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/V\/\/\/\,
first AWGN signal — AL T > ™
. [ ! S <
Hy?r\d 4 pal S O—\\ <
' > )
ez mmmenomo o : et ¢ " an | <
Signal generator for the \  Fading channel ! >

enale X \ e 3 A2 | Test antenna polarization A {
wanted signal i emulator #1 : N o ~

[T
> A p
S . 3 or? | <

' : '
3 Fading channel s ATT ———— 4 Test antenna polarization B 0 <

H emulator #2 ! ‘ > / /'
bessssssenmmansnns 4 4 Y/ <
R
Hybrid ! : ’ o _~ SAN declared <
2 7: PA2 i % . coordinate reference (\
~ fommmmmms > point and orientation )
Signal generator for the g oama - /\ <
second AWGN signal A

Test system enclosure

Figure D.7-2: Measurement set up for single TX, dual polarization radiated performance requirements

signal generator for the | ‘ ATTL
first AWGN signal | ‘
-~ SAN
- > s
Signal generator for Hybrid 1 “ )—\
stationary UE ATT2 L .
~ v
o
Test antenna polarization A /‘

Test antenna polarization B
SAN declared

coordinate reference

.
// point and orientation
\‘\

Signal generator for
moving UE

3 Hybrid 3 PAZ D,
signal generator for the T
second AWGN signal ATTA

HARQ feedback + TA commands

Test system enclosure

Figure D.7-3: Measurement set up for UL timing adjustment, single TX, dual polarization radiated
performance requirements

The OTA chambers shown in figures D.7-1, D.7-2, D.7-3 and D.7-4 are intended to be generic and can be replaced with
any suitable OTA chamber (e.g. far field anechoic chamber, CATR, etc.). The PA(s) depicted in figures D.7-1, D.7-2,
and D.7-3 isoptional. Fading channel emulators are included when needed according to the requirement description.

NOTE: TheHARQ Feedback (only for PUSCH) could be done as an RF feedback or as a digital feedback. The
HARQ Feedback should be error free.
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Annex E (normative):

Characteristic of interfering signal

Theinterfering signal shall be a PUSCH or PDSCH containing data and DMRS symbols. Normal cyclic prefix is used.
The data content shall be uncorrelated to the wanted signal and modulated according to clause 6 of TS 38.211 [8].
Mapping of PUSCH or PDSCH modulation to receiver requirement are specified in table E-1.

Table E-1: Modulation of the interfering signal

Receiver requirement Modulation Interfering signal Clauses
In-channel selectivity 16QAM PUSCH 7.8
OTA in-channel selectivity 10.9
Adjacent channel selectivity QPSK PDSCH 7.41
OTA adjacent channel 10.5.1
selectivity

Annex F (normative):
Void
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Annex G (normative):
Propagation conditions

G.1  Static propagation condition

The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment.
No fading or multi-paths exist for this propagation model.

G.2  Multi-path fading propagation conditions

The multipath propagation conditions consist of several parts:

- A delay profilein the form of a"tapped delay-line", characterized by a number of taps at fixed positionson a
sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay
spanned by the taps.

- A combination of channel model parameters that include the Delay profile and the Doppler spectrum that is
characterized by a classical spectrum shape and a maximum Doppler frequency.

G.2.1 Delay profiles

The delay profiles are smplified from the TR 38.811 [17] TDL models. The simplification steps are shown below for
information. These steps are only used when new delay profiles are created. Otherwise, the delay profiles specified in
G.2.1.1 can be used as such.

- Step 1: Usethe original TDL model from TR 38.811 [17].
- Step 2: Re-order the tapsin ascending delays
- Step 3: Perform delay scaling according to the procedure described in clause 7.7.2 in TR 38.901 [11].

- Step 4: Apply the quantization to the delay resolution 5 ns. Thisis done simply by rounding the tap delays to the
nearest multiple of the delay resolution.

- Step 5: If multiple Rayleigh taps are rounded to the same delay bin, merge them by calculating their linear power
sum.

- Step 6: If thereisa LOS path in the model, the power for al paths could be dightly adjusted to keep the RMS
delay spread is close to target delay spread and mean power is 0dB.

- Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB - -8.8 dB)

- Step 8: If the delay spread has dightly changed due to the tap merge, adjust the final delay spread by increasing
or decreasing the power of the last tap so that the delay spread is corrected.

- Step 9: Re-normalize the highest Rayleigh tap to 0 dB when there isno LOS path in the model.

Notel: Some values of the delay profile created by the simplification steps may differ from the valuesin tables
G.2.1.1-2,G.2.1.1-3 and G.2.1.2-2 for the corresponding model.

Note2:  For Step 5 and Step 6, the power values are expressed in the linear domain using 6 digits of precision.
The operations are in the linear domain.
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G.2.1.1 Delay profiles for FR1-NTN

The delay profilesfor FR1-NTN are selected to be representative of NLOS and LOS scenarios. The resulting model
parameters are specified in G.2.1.1-1 and the tapped delay line models are specified in tables G.2.1.1-2 and table
G.2.1.1-3.

Table G.2.1.1-1: Delay profiles for SAN channel models

Model Number of Delay spread Maximum excess tap Delay
channel taps (r.m.s.) delay (span) resolution
NTN-TDLA100 3 100 ns 285 ns 5ns
NTN-TDLC5 2 5ns 60 ns 5ns

Table G.2.1.1-2: NTN-TDLA100 (DS = 100 ns)

Tap # | Delay (ns) | Power (dB) | Fading distribution
1 0 0 Rayleigh
2 110 -4.7
3 285 -6.5

Table G.2.1.1-3: NTN-TDLC5 (DS =5 ns)

Tap # | Delay (ns) | Power (dB) | Fading distribution
1 0 -0.6 LOS path
0 -8.9 Rayleigh
2 60 -21.5 Rayleigh
NOTE: The first tap follows a Rician distribution with a K-
factor of K1 = 8.05 dB and a mean power of 0dB

G.2.1.2 Delay profiles for FR2-NTN

The delay profiles for FR2-NTN are selected to be representative of LOS scenarios. The resulting model parameters are
specified in G.2.1.2-1 and the tapped delay line models are specified in tables G.2.1.2-2.

Table G.2.1.2-1: Delay profiles for SAN channel models

Model Number of Delay spread Maximum excess tap Delay
channel taps (r.m.s.) delay (span) resolution
NTN-TDLC5 2 5ns 60 ns 5ns

Table G.2.1.2-2: NTN-TDLC5 (DS =5 ns)

Tap # | Delay (ns) | Power (dB) | Fading distribution
1 0 -0.6 LOS path
0 -8.9 Rayleigh
2 60 -21.5 Rayleigh
NOTE: The first tap follows a Rician distribution with a
K-factor of K1 = 8.05 dB and a mean power of
0dB

G.2.2 Combinations of channel model parameters

The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a
combination of a channel model name and a maximum Doppler frequency, i.e., NTN-TDLA<DS>-<Doppler> or NTN-
TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>" indicates the maximum
Doppler frequency (Hz).
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Table G.2.2-1 show the propagation conditions that are used for the performance measurements in multi-path fading
environment for low, medium and high Doppler frequencies for FR1-NTN.

Table G.2.2-2 show the propagation conditions that are used for the performance measurements in multi-path fading
environment for low, medium and high Doppler frequencies for FR2-NTN.

Table G.2.2-1: Channel model parameters for FR1-NTN

Combination name Model Maximum Doppler frequency
NTN-TDLA100-200 NTN-TDLA100 200 Hz
NTN-TDLC5-200 NTN-TDLC5 200 Hz

Table G.2.2-2: Channel model parameters for FR2-NTN

Combination name Model Maximum Doppler frequency
NTN-TDLC5-1200 NTN-TDLC5 1200 Hz

G.2.3 MIMO channel correlation matrices

The MIMO channel correlation matrices defined in annex G.2.3 apply for the antenna configuration using uniform
linear arrays at both SAN and UE and for the antenna configuration using cross polarized antennas.

G.2.3.1 MIMO correlation matrices using Uniform Linear Array

The MIMO channel correlation matrices defined in annex G.2.3.1 apply for the antenna configuration using uniform
linear array (ULA) at both SAN and UE.

G.2.3.11 Definition of MIMO correlation matrices

Table G.2.3.1.1-1 defines the correlation matrix for the SAN.

Table G.2.3.1.1-1: SAN correlation matrix

gNB correlation
One antenna F%NB =1
1 a
Two antennas Rone = (0{* 1 J

Table G.2.3.1.1-2 defines the correlation matrix for the UE:

Table G.2.3.1.1-2: UE correlation matrix

One antenna
UE correlation Re=1

Table G.2.3.1.1-3 defines the channel spatial correlation matrix &n The parameters, a and § in table G.2.3.1.1-3
defines the spatial correlation between the antennas at the SAN and UE respectively.
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Table G.2.3.1.1-3: Fgﬂcorrelation matrices

1x1 case Rspat = RSAN =1

1x2 case 1 «a
Rspat = Rsan = [0(* 1]

For cases with more antennas at either SAN or UE or both, the channel spatial correlation matrix can still be expressed
as the Kronecker product of Ryg and Rg4y according to Rgpar = Ryp @ Rsan-

G.2.3.1.2 MIMO correlation matrices at high, medium and low level
The oL and [3 for different correlation types are given in table G.2.3.1.2-1.

Table G.2.3.1.2-1: Correlation for high, medium and low level

Low correlation Medium correlation High correlation
o B o B o B
0 0 0.9 0.3 0.9 0.9

The correlation matrices for high, medium and low correlation are defined in table G.2.3.1.2-2, G.2.3.1.2-3 and
G.2.3.1.2-4 asbelow.

Table G.2.3.1.2-2: MIMO correlation matrices for high correlation

1X1 case Rhigh = 11

1x2 case 109
heh ~1 0.9 1

Table G.2.3.1.2-3: MIMO correlation matrices for medium correlation

1x1 case N/A
1x2 case N/A

Table G.2.3.1.2-4: MIMO correlation matrices for low correlation

1x1 case Riow =11
1x2 case Row=12

Intable G.2.3.1.2-4, | 4 isa dxd identity matrix.

NOTE: For completeness, the correlation matrices were defined for high, medium and low correlation but
performance requirements exist only for low correlation.

G.3  Moving propagation conditions

Figure G.3-1 illustrate the moving propagation conditions for the test of the UL timing adjustment performance. The
time difference between the reference timing and the first tap is according to Equation (G.3-1). The timing difference
between moving UE and stationary UE isequal to At - (Ta —31)x16x64T. for 15kHz SCS and At - (Ta —31)x16x32T.
for 30kHz SCS. The relative timing among al tapsis fixed. The parameters for the moving propagation conditions are
shownin Table G.3-1.
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Figure G.3-1: Moving propagation conditions

At = g -sin(Aw-t) (G.31)

Table G.3-1: Parameters for UL timing adjustment

Parameter Scenario X
Channel model Stationary UE: AWGN
Moving UE: NTN-TDLA100-200
UE speed 120 km/h
CP length Normal
A 15 kHz: 10 us
30 kHz: 5 us
A® 15 kHz: 0.04 st
30 kHz: 0.08 s
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Annex H (normative):
In-channel Tx test

H.1 General

Thein-channel TX test enables the measurement of all relevant parameters that describe the in-channel quality of the
output signal of the TX under test in a single measurement process.

The parameters describing the in-channel quality of atransmitter, however, are not necessarily independent. The
algorithm chosen for description inside this annex places particular emphasis on the exclusion of all interdependencies
among the parameters.

H.2  Basic principles

The process is based on the comparison of the actual output signal of the TX under test, received by an ideal receiver,
with anideal signal, that is generated by the measuring equipment and represents an ideal error free received signal. All
signals are represented as equivalent (generally complex) baseband signals.

The description below uses numbers and illustrations as examples only. These numbers are taken from a FDD frame
structure with normal CP length, 30 kHz SCS and a transmission bandwidth configuration of 200 MHz (Ngs = 273).
The application of the text below, however, is not restricted to this parameter set.

H.2.1 Output signal of the TX under test

The output signal of the TX under test is acquired by the measuring equipment and stored for further processsing. It is
sampled at a sampling rate which is the product of the SCS and the FFT size, and it isnamed z(v). The FFT sizeis
determined by the transmission bandwidth in table 6.5.3.5-2 for 15 kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and table
6.5.3.5-4 for 60 kHz SCS. In the time domain, it comprises at least 10 ms. It is modelled as a signal with the following
parameters:

- demodulated data content,
- carrier frequency,
- amplitude and phase for each subcarrier.

For the example in the annex, the FFT size is 4096 based on table 6.5.3.5-3. The sampling rate of 122.88 Mspsisthe
product of the FFT size and SCS.

H.2.2 Ideal signal

Two types of ideal signals are defined:

Thefirst ideal signal i, (v) is constructed by the measuring equipment according to the relevant TX specifications, using
the following parameters:

- demodulated data content,
- nomina carrier frequency,
- nomina amplitude and phase for each subcarrier.

Itis represented as a sequence of samples at the sampling rate determined from annex H.2.1 in the time domain. The
structure of the signal is described in the test models.
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The second ideal signal i, (v) is constructed by the measuring equipment according to the relevant TX specifications,
using the following parameters:

- nomina demodulation reference signals (all other modulation symbols are set to 0 V),

- nomina carrier frequency,

- nomina amplitude and phase for each applicable subcarrier,

- nominal timing.

Itis represented as a sequence of samples at the sampling rate determined from annex H.2.1 in the time domain.

H.2.3 Measurement results
The measurement results, achieved by the in-channel TX test are the following:
- Carrier frequency error
- EVM
- Resource element TX power
- OFDM symbol TX power (OSTP)

Other sideresults are: residual amplitude- and phase response of the TX chain after equalisation.

H.2.4 Measurement points

The resource element TX power is measured after the FFT box as described in figure H.2.4-1. The EVM shall be
measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted for FR1 in figure
H.2.4-1. The FFT window of FFT size samples out of (FFT size + cyclic prefix length) samplesin the time domainis
selected in the "Remove CP" box. The FFT size and the cyclic prefix length are obtained from table 6.5.3.5-2 for 15
kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and table 6.5.3.5-4 for 60 kHz SCS.

In one subframe, there are two symbols with the length of the cyclic prefix larger than the values listed in tables 6.5.3.5-
2,6.5.3.5-3and 6.5.3.5-4. Table H.2.4-1 lists the slot number and the symbol number and the formula how to compute
the length of cyclic prefix for those two symbols according to the sampling rate.

Table H.2.4-1: Slot number and symbol number identifying the longer CP length for normal CP

SCS # slots in Symbol # and slot Longer CP
(kHz) subframe # with longer CP length
15 1 (symbol 0, slot 0) CP length + FFT
(symbol 7, slot 0) size / 128
30 2 (symbol 0, slot 0) CP length + FFT
(symbol 0, slot 1) size / 64
60 4 (symbol 0, slot 0) CP length + FFT
(symbol 0, slot 2) size / 32

For the example used in the annex, the "Remove CP" box selects 4096 samples out of 4384 samples. Symbol 0 has 64
more samplesin the cyclic prefix than the other 13 symbolsin the dot (the longer CP length = 352).
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Figure H.2.4-1: Reference point for FR1 EVM measurements

H.3  Pre-FFT minimization process

Sample Timing, Carrier Frequency in z(v) are varied in order to minimise the difference between z(v) and i, (v), after
the amplitude ratio of z(v) and i, (v) has been scaled. Best fit (minimum difference) is achieved when the RMS
difference value between z(v) and i, (v) is an absolute minimum.

The carrier frequency variation is the measurement result: carrier frequency error.
From the acquired samples, one value of carrier frequency error can be derived.

Note1l: The minimisation process, to derive the RF error can be supported by post-FFT operations. However the
minimisation process defined in the pre-FFT domain comprises all acquired samples (i.e. it does not
exclude the samples inbetween the FFT widths and it does not exclude the bandwidth outside the
transmission bandwidth configuration).

Note2: Theagorithm would allow to derive carrier frequency error and sample frequency error of the TX under
test separately. However there are no requirements for sample frequeny error. Hence the algorithm
model s the RF and the sample frequency commonly (not independently). It returns one error and does not
distinuish between both.

After this process, the samples z(v) are called z° (v).

H.4  Timing of the FFT window

The FFT window length is FFT size samples per OFDM symbol. For FDD, there are 14N,; FFTs performed where N,
isthe number of dotsin a 10 ms measurement interval, and the number of symbolsin adot for normal CPis 14.

The position in time for the FFT shall be determined.

For the example used in the annex, the FFT window length is 4096 samples per OFDM symbol. 280 FFTs(i.e.
1,146,880 samples) cover less than the acquired number of samples (i.e. 1,228,800 samplesin 10 ms).

Inanideal signal, the FFT may start at any instant within the cyclic prefix without causing an error. The TX filter,
however, reduces the window. The EVM requirements shall be met within awindow W < CP. There are three different
instants for FFT:

Centre of the reduced window, called A¢,
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- Ac—W/2,and
- Ac+W/2.

The value of EVM window length W is obtained from tables 6.5.3.5-2 for 15 kHz SCS, 6.5.3.5-3 for 30 kHz SCS and
6.5.3.5-4 for 60 kHz SCS and the transmission bandwidth.

The SAN shall transmit a signal according to the test models intended for EVM. The demodulation reference signal of
the second ideal signal shall be used to find the centre of the FFT window.

The timing of the measured signal is determined in the pre-FFT domain as follows, using z°(v) and i, (v):

1. Themeasured signal isdelay spread by the TX filter. Hence the distinct borders between the OFDM symbols
and between data and CP are al so spread and the timing is not obvious.

2. Intheidea signal i, (v), the timing is known.

Correlation between bullet (1) and (2) will result in a correlation peak. The meaning of the correlation peak is
approximately the "impulse response” of the TX filter.

3. The meaning of "impulse response” assumes that the autocorrelation of the ideal signal i, (v) isa Dirac peak and
that the correlation between the ideal signal i, (v) and the datain the measured signal is 0. The correlation peak,
(the highest, or in case of more than one highest, the earliest) indicates the timing in the measured signal.

The number of samples used for FFT is reduced compared to z°(v). This subset of samplesiscalled z'(v).
From the acquired samples one timing can be derived.

The timing of the centre A¢ is determined according to the cyclic prefix length of the OFDM symbols. For normal CP,
there are two values for A¢ in a1 msperiod:

- A¢ =length of cylic prefix / 2,
- A¢ = Longer CP length - length of cylic prefix / 2,

Where the length of cyclic prefix is obtained from table 6.5.3.5-2 for 15 kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and
table 6.5.3.5-4 for 60 kHz SCS, and the longer CP length is obtained from table H.2.4-1.

As per the example values:
- A¢ = 144 within the CP of length 288 for OFDM symbols 1 to 13 of adlot,
- A¢ = 208= 352 - 144) within the CP of length 352 for OFDM symbol 0 of adlot.

H.5 Resource element TX power

Perform FFT onz” (v) with the FFT window timing A¢. Theresultiscaled Z * (¢, ). The RE TX power (RETP) is
then defined as:

RETP = |Z'(¢, f)|?>SCS
Where SCSisthe subcarrier spacing in Hz.
From RETP the OFDM Symbol TX power (OSTP) is derived as follows:

1
OSTP = Z RETP
Nsym

Where the summation accumulates Nyz N2 RETP values of all Ngm OFDM symbols that carry PDSCH and not
containing PDCCH, RS or SSB within adot.

From the acquired samples, N; values for each OSTP can be obtained and averaged where N, isthe number of slotsin
a 10 ms measurement interval for FDD.
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For the example used in the annex, Ny = 20 and Ny = 273.

H.6  Post-FFT equalisation

Perform14N,, FFTsonz ” (v), one for each OFDM symbol within 10 ms measurement interval with the FFT window
timing to produce an array of samples, 14N,; inthetime axist by FFT sizein the frequency axisf.

For the example in the annex, 280 FFTs are performed on z ” (v). Theresult is an array of samples, 280 in the time axis
by 4096 in the frequency axis.

The equalizer coefficients @(f) and @(f) are determined as follows:

1. Cadculate the complex ratios (amplitude and phase) of the post-FFT acquired signal Z “ (¢, f) and the post-FFT
ideal signal I,(t, f) for each demodulation reference signal, over 10 ms measurement interval. This process
creates a set of complex ratios:

Z' (&)
12 (t' f)
2. Perform time averaging at each demodulation reference signal subcarrier of the complex ratios, the time-

averaging length is 10 ms measurement interval. Prior to the averaging of the phases ¢(t;, f) an unwrap
operation must be performed according to the following definition:

a(t, flele®n =

- Theunwrap operation corrects the radian phase angles of ¢(t;, f) by adding multiples of 2 * = when
absolute phase jumps between consecutive time instances ¢; are greater than or equal to the jump tolerance of
n radians.

- This process creates an average amplitude and phase for each demodulation reference signal subcarrier (i.e.
every second subcarrier).

a(f) = D=1 Cllv(ti'f)
and
I'V—l ir
o(f) = 2= <]pv(t 1)

Where N is the number of demodulation reference signals time-domain locations t; from Z “ (¢, f) for each
demodulation reference signal subcarrier f.

3. Theequalizer coefficients for amplitude and phase a(f) and @ (f) at the demodulation reference signal
subcarriers are obtained by computing the moving average in the frequency domain of the time-averaged
demodulation reference signal subcarriers. The moving average window sizeis 19 and averaging is over the
DM-RS subcarriersin the allocated RBs. For DM-RS subcarriers at or near the edge of the channel, or when the
number of available DM-RS subcarriers within a set of contiguously alocated RBsis smaller than the moving
average window size, the window sizeis reduced accordingly as per figure H.6-1.

4. Perform linear interpolation from the equalizer coefficients a(f) and @(f) to compute coefficientsa(f), @(f)
for each subcarrier.
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Figure H.6-1: Reference subcarrier smoothing in the frequency domain

H.7

H.7.0

EVM

General

For EVM create two sets of Z,,'(t, f), according to the timing (Ac — W /2) and (Ac + W /2), using the equalizer
coefficients from H.6.

The equivalent ideal samples are calculated from i, (v) (annex H.2.2) and are called I (¢, f).

The EVM isthe difference between the ideal signal and the equalized measured signal.

Where:

EteTZfeF(i)|Zeq,(t' f) - I(t'f)|2
Zeer Lrer I (E, 17

EVM =

- T istheset of symbolswith the considered modulation scheme being active within the slot,

- F()

isthe set of subcarriers within the resource blocks with the considered modulation scheme being activein

symbol t,

- I(t, f) istheideal signal reconstructed by the measurement equipment in accordance with relevant test models,

- Z4'(t, f) istheequalized signal under test.
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NOTE: Although the basic unit of measurement is one slot, the equalizer is calculated over the entire 10 ms
measurement interval to reduce the impact of noise in the reference signals.

H.7.1 Averaged EVM (FDD)

EVM isaveraged over al alocated downlink resource blocks with the considered modulation scheme in the frequency
domain, and a minimum of Ny, sots where N; isthe number of slotsin a 10 ms measurement interval. The averaging
in the time domain eguals the N; slot duration of the 10 ms measurement interval from the equalizer estimation step.

—_ 1 N N;
EV Mtrame :\/ Nty Zi:dlle:1EVMi2J
i=1"1L

Where N; isthe number of resource blocks with the considered modulation scheme in slot i.

The EVM requirements shall be tested against the maximum of the RM S average at the window W extremities of the
EVM measurements:

Thus EV M, is calculated using £ = AZ; in the expressions above and EV My, 1, is calculated using & = Afy, inthe
EV Mj,,e Calculation where (I and h, low and high; where low isthetiming (Ac — W /2) and high isthe timing
(Ac + W /2)).

Thus:

EVM = max(EVMiane, EVMiramepn)

The resulting EVM is compared against the limit.
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