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Introduction
In RAN4#98e, the work split for the introduction of IAB demodulation performance requirements was agreed [1].
In this contribution, we present a first TP draft on how to include the following sections in the newly created TS 38.176‑2 [2][3].
		IAB demodulation draftCR, bigCR, and bigTP work-splits - TS 38.???-2 
	Company

	TS 38.???-2 bigTR Demod
	Nokia

	TS 38.???-2 Radiated conformance testing (draftCRs)
	

	
	Manufacturer declarations
	Intel

	
	8 Radiated performance requirements
	

	
	
	IAB-DU performance requirements
	Nokia

	
	
	 
	General (incl. applicability rule), PUSCH FR1&FR2, PUCCH FR1&FR2, PRACH FR1&FR2
	

	
	
	IAB-MT performance requirements
	Huawei

	
	
	 
	General (all excluding conducted)
	

	
	
	 
	Demodulation (Radiated requirements/FR2)
	

	
	
	 
	
	General (incl. applicability, etc), PDSCH, PDCCH, PBCH, SDR, SDR CA
	

	
	
	 
	CSI reporting (Radiated requirements/FR2)
	Ericsson

	
	
	 
	
	General, CQI, PMI, RI
	

	
	
	 
	Demod for interworking (verification in FR2)
	

	
	
	 
	CSI reporting for interworking (verification in FR2)
	

	
	Appendix
	

	
	
	FRCs/RMCs & PRACH Test preambles
	Huawei

	
	
	Rest (incl. test setup/TT/etc.)
	Nokia








Discussion and Conclusion
Given that the current meeting is a “bis” meeting, we understand the TPs given in the following sections are early drafts, meant to be indicative of the direction of how to implement the specification, but these TPs are very susceptible to additional changes and future polishing.
In terms of markings, we marked changes with respect to the base document, TS 38.141-2 V16.6.0 and TS 38.101-4 draft V15.9.0, in blue highlights. Open issues are marked with yellow highlights. Especially section numbering, declaration numbering, FRCs, and references are not yet easily finalised.
Additionally, we have included comments with extracts from previous WFs and chair minutes to motivate made changes.
We chose to start from the Rel-16 specification version, to be sure to have all “Rel-16 fixes to Rel-15 BS demodulation requirements” covered. The Rel-16 feature sections are then removed.

The second TP below, covering the parts of the appendix allocated to Nokia, is in a very early state. It has already been included in its current state to show the test setup, in particular.
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Text proposal 1 to 38.176-2: IAB-DU performance requirements

<<START OF FIRST CHANGE>>

[bookmark: _Toc21102912][bookmark: _Toc29810761][bookmark: _Toc36636113][bookmark: _Toc37273059][bookmark: _Toc45886139][bookmark: _Toc53183215][bookmark: _Toc58915882]8	Radiated performance requirements
[bookmark: _Toc21102913][bookmark: _Toc29810762][bookmark: _Toc36636114][bookmark: _Toc37273060][bookmark: _Toc45886140][bookmark: _Toc53183216][bookmark: _Toc58915883]8.1	IAB-DU performance requirements	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Channel model
All existing channel models used in Rel-15 BS testing should be re-used.

Additional requirement configurations on top of BS ones
[GtW agreement - informative]
There is no need to introduce any new performance requirements for IAB-DU in addition to already existing BS requirements.

General RX demodulation branches
[GtW agreement - informative] Using existing applicable rules for CHBW, SCS and number of RX antenna configuration as starting point, further refinement not precluded.
All existing antenna configurations shall be kept, when re-using BS demod requirements. An applicability rule shall be defined to test only maximum number of antennas declared to be supported by the manufacturer for the respective BS type, i.e., up to 8Rx in conducted/hybrid testing and up to 2Rx in OTA testing.

8.1.1	General
[bookmark: _Toc21102914][bookmark: _Toc29810763][bookmark: _Toc36636115][bookmark: _Toc37273061][bookmark: _Toc45886141][bookmark: _Toc53183217][bookmark: _Toc58915884]8.1.1.0	Scope and definitions
Radiated performance requirements specify the ability of the IAB type 1-O or IAB type 2-O to correctly demodulate radiated signals in various conditions and configurations. Radiated performance requirements are specified at the RIB.
Radiated performance requirements for the IAB-DU are specified for the fixed reference channels and propagation conditions defined in TS 38.174 [X] annex A and annex J, respectively. The requirements only apply to those FRCs that are supported by the IAB-DU.
The radiated performance requirements for IAB type 1-O and for the IAB type 2-O are limited to two OTA demodulations branches as described in clause 8.1.1. Conformance requirements can only be tested for 1 or 2 demodulation branches depending on the number of polarizations supported by the IAB-DU, with the required SNR applied separately per polarization.
NOTE 1: IAB-DU can support more than 2 demodulation branches, however OTA conformance testing can only be performed for 1 or 2 demodulation branches.
Unless stated otherwise, radiated performance requirements apply for a single carrier only. Radiated performance requirements for an IAB-DU supporting CA are defined in terms of single carrier requirements.	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Carrier aggregation
Follow Rel-15 approach and include notes that CA can be operated and is tested per carrier.

For IAB 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 2:	IAB type 1-O in normal operating conditions in 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 IAB-DU to the signal generator, to enable correct timing of the wanted signal.
The SNR used in this clause is specified based on a single carrier and defined as:
	SNR = S / N
Where:
S	is the total signal energy in a slot on a RIB.
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a slot.
[bookmark: _Toc21102915][bookmark: _Toc29810764][bookmark: _Toc36636116][bookmark: _Toc37273062][bookmark: _Toc45886142][bookmark: _Toc53183218][bookmark: _Toc58915885]8.1.1.1	OTA demodulation branches
Radiated performance requirements are only specified for up to 2 demodulation branches.
If the IAB type 1-O, or the IAB 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 IAB type 1-O, or the IAB 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).	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

However, this sentence is also present in 38141-2-f80, so it does not pertain to HST only.
[bookmark: _Toc21102916][bookmark: _Toc29810765][bookmark: _Toc36636117][bookmark: _Toc37273063][bookmark: _Toc45886143][bookmark: _Toc53183219][bookmark: _Toc58915886]8.1.1.2	Applicability rule
[bookmark: _Toc21102917][bookmark: _Toc29810766][bookmark: _Toc36636118][bookmark: _Toc37273064][bookmark: _Toc45886144][bookmark: _Toc53183220][bookmark: _Toc58915887]8.1.2.0	General
Unless otherwise stated, for an IAB-DU declared to support more than 2 demodulation branches (for IAB type 1-O and IAB type 2-O), the performance requirement tests for 2 demodulation branches shall apply, and the mapping between connectors and demodulation branches is up to IAB-DU implementation.
The tests requiring more than [20] dB SNR level are set to N/A in the test requirements.	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Rel-16 fixes to Rel-15 BS demodulation requirements
For IAB-DU 16QAM 2T2R radiated test cases reuse BS performance requirements with Rel-16 fixes.
[bookmark: _Toc21102918][bookmark: _Toc29810767][bookmark: _Toc36636119][bookmark: _Toc37273065][bookmark: _Toc45886145][bookmark: _Toc53183221][bookmark: _Toc58915888]8.1.2.1	Applicability of PUSCH performance requirements
[bookmark: _Toc21102919][bookmark: _Toc29810768][bookmark: _Toc36636120][bookmark: _Toc37273066][bookmark: _Toc45886146][bookmark: _Toc53183222][bookmark: _Toc58915889]8.1.2.1.1	Applicability of requirements for different subcarrier spacings	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Applicability rule on SCS
Combine existing applicability rule for tested SCS with newly proposed one for MCS.
Unless otherwise stated, PUSCH requirement tests shall apply only for each subcarrier spacing declared to be supported (see D.7 in table 4.6-1). 
Unless otherwise stated, PUSCH requirement tests with 30% of maximum throughput shall apply only for the lowest subcarrier spacing declared to be supported (see D.7 in table 4.6-1) for each frequency range.	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Requirements with 30% max TPUT
Keep prior agreement. Do not include 30% TPUT requirements for IAB-DU.
[bookmark: _Toc21102920][bookmark: _Toc29810769][bookmark: _Toc36636121][bookmark: _Toc37273067][bookmark: _Toc45886147][bookmark: _Toc53183223][bookmark: _Toc58915890]8.1.2.1.2	Applicability of requirements for different channel bandwidths	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Applicability rule on CBW
Use existing applicability rule for CBW.
For each subcarrier spacing declared to be supported, the tests for a specific channel bandwidth shall apply only if the IAB-DU supports it (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.
[bookmark: _Toc21102921][bookmark: _Toc29810770][bookmark: _Toc36636122][bookmark: _Toc37273068][bookmark: _Toc45886148][bookmark: _Toc53183224][bookmark: _Toc58915891]8.1.2.1.3	Applicability of requirements for different configurations	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Applicability rule on mapping type
Use existing applicability rule for mapping type
Unless otherwise stated, for IAB 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.
Unless otherwise stated, for IAB type 2-O, PUSCH requirement tests shall apply only for the additional DM-RS position declared to be supported (see D.101 in table 4.6-1). If both options (i.e., pos0 and pos1) are declared to be supported, the tests shall be done for pos1.
[bookmark: _Toc21102922]Unless otherwise stated, for IAB type 2-O, PUSCH requirement tests with transform precoding disabled shall apply for the PT-RS option declared to be supported (see D.106 in table 4.6-1). If both PT-RS options (without and with PT-RS) are declared to be supported, the tests shall be done for either without or with PT-RS only; the same chosen option shall then be used for all tests.
Unless otherwise stated, for IAB type 2-O, PUSCH requirement tests with transform precoding enabled shall be done for without PT-RS. 
[bookmark: _Toc53183225][bookmark: _Toc58915892]8.1.2.1.4	Applicability of requirements for uplink carrier aggregation
The tests for uplink carrier aggregation shall be carried out according to the declaration (see D.108 in table 4.6-1).
Unless otherwise stated, the tests for uplink carrier aggregation shall apply only for PUSCH with transform precoding disabled, and shall be conducted on per component carrier basis. 
[bookmark: _Toc53183226][bookmark: _Toc58915893]8.1.2.1.5	Applicability of requirements for TDD with different UL-DL patterns
Unless otherwise stated, for each subcarrier spacing declared to be supported, if BS supports multiple TDD UL-DL patterns, only one of the supported TDD UL-DL patterns shall be used for all tests.
[bookmark: _Toc29810771][bookmark: _Toc36636123][bookmark: _Toc37273069][bookmark: _Toc45886149][bookmark: _Toc53183227]8.1.2.1.6	Applicability of UL timing adjustment requirements for different scenarios	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

Unless otherwise stated, the tests for UL timing adjustment for scenario Y and scenario Z shall apply only if high speed train is declared to be supported (see D.109 in table 4.6-1). A BS that passes the tests for scenario Y or scenario Z, can also consider the tests for scenario X passed.
8.1.2.1.1	Applicability of requirements for transform precoding	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Transform precoding (from GtW)
Include requirements, create a manufacture declaration to allow dft-s-OFDM support, and add applicability rule to only test, if dft-s-OFDM is supported.
Unless otherwise stated, the tests with transform precoding enabled shall apply only, if the IAB-DU supports it (see D.1xx in table [4.6-1]).
[bookmark: _Toc58915894]8.1.2.2	Applicability of PUCCH performance requirements	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Applicability rule on number of test cases and formats
Option 6d: Keep all PUCCH formats in the requirements from BS, and formulate an applicability rule as
If one PUCCH format and more than one SCS are supported, test the PUCCH format with all SCS.
If more than one PUCCH format and one SCS are supported, test any two formats chosen by the manufacturer.
If more than one PUCCH format and more than one SCS are supported, ensure that each declared SCS is tested with one different PUCCH format chosen by the manufacturer.
Option 7:  For each supported PUCCH format, only choose one SCS to be tested if multiple SCSs supported 

PUCCH number of test cases
Keep all the PUCCH requirements and related test applicability rule, if BS declares to support more than one PUCCH formats, limit the number of tests chosen by the manufacturer using applicability rule. FFS: Exact limiting of tests.

[bookmark: _Toc21102923][bookmark: _Toc29810772][bookmark: _Toc36636124][bookmark: _Toc37273070][bookmark: _Toc45886150][bookmark: _Toc53183228][bookmark: _Toc58915895]8.1.2.2.1	Applicability of requirements for different formats
[Unless otherwise stated, PUCCH requirement tests shall apply only for each PUCCH format declared to be supported (see D.102 in table 4.6-1).]
[bookmark: _Toc21102924][bookmark: _Toc29810773][bookmark: _Toc36636125][bookmark: _Toc37273071][bookmark: _Toc45886151][bookmark: _Toc53183229][bookmark: _Toc58915896]8.1.2.2.2	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 in table 4.6-1).]
[bookmark: _Toc21102925][bookmark: _Toc29810774][bookmark: _Toc36636126][bookmark: _Toc37273072][bookmark: _Toc45886152][bookmark: _Toc53183230][bookmark: _Toc58915897]8.1.2.2.3	Applicability of requirements for different channel bandwidths
For each subcarrier spacing declared to be supported by the IAB-DU, the tests for a specific channel bandwidth shall apply only if the IAB-DU supports it (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.
[bookmark: _Toc21102926][bookmark: _Toc29810775][bookmark: _Toc36636127][bookmark: _Toc37273073][bookmark: _Toc45886153][bookmark: _Toc53183231][bookmark: _Toc58915898]8.1.2.2.4	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.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.
Unless otherwise stated, PUCCH format 4 requirement tests shall apply only for the additional DM-RS configuration declared to be supported (see D.105 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.
[bookmark: _Toc21102927][bookmark: _Toc29810776][bookmark: _Toc36636128][bookmark: _Toc37273074][bookmark: _Toc45886154][bookmark: _Toc53183232][bookmark: _Toc58915899]8.1.2.2.5	Applicability of requirements for multi-slot PUCCH	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Multi-slot
Option 1: Include multi-slot PUCCH cases and keep existing BS demodulation-based test applicability rule (“multi-slot PUCCH requirement tests shall apply only if the BS supports it”).
Option 2: Skip cases for multi-slot PUCCH.
Unless otherwise stated, multi-slot PUCCH requirement tests shall apply only if the IAB-DU supports it (see D.107 in table 4.6-1).
[bookmark: _Toc21102928][bookmark: _Toc29810777][bookmark: _Toc36636129][bookmark: _Toc37273075][bookmark: _Toc45886155][bookmark: _Toc53183233][bookmark: _Toc58915900]8.1.2.3	Applicability of PRACH performance requirements
[bookmark: _Toc21102929][bookmark: _Toc29810778][bookmark: _Toc36636130][bookmark: _Toc37273076][bookmark: _Toc45886156][bookmark: _Toc53183234][bookmark: _Toc58915901]8.1.2.3.1	Applicability of requirements for different formats
Unless otherwise stated, PRACH requirement tests shall apply only for each PRACH format declared to be supported (see D.103 in table 4.6-1).
[bookmark: _Toc21102930][bookmark: _Toc29810779][bookmark: _Toc36636131][bookmark: _Toc37273077][bookmark: _Toc45886157][bookmark: _Toc53183235][bookmark: _Toc58915902]8.1.2.3.2	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.103 in table 4.6-1).
[bookmark: _Toc21102931][bookmark: _Toc29810780][bookmark: _Toc36636132][bookmark: _Toc37273078][bookmark: _Toc45886158][bookmark: _Toc53183236][bookmark: _Toc58915903]8.1.2.3.3	Applicability of requirements for different channel bandwidths
Unless otherwise stated, for the subcarrier spacing to be tested, the tests shall apply only for anyone channel bandwidth declared to be supported (see D.7 in table 4.6-1).
[bookmark: _Toc53183237][bookmark: _Toc58915904][bookmark: _Toc21102932][bookmark: _Toc29810781][bookmark: _Toc36636133][bookmark: _Toc37273079][bookmark: _Toc45886159]8.1.2.3.4	Applicability of requirements for different restricted set types of long PRACH format 0	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

Unless otherwise stated, PRACH requirement tests for long PRACH preamble format 0 with restricted set Type A and B shall apply only for the restricted set type declared to be supported (see D.110 in table 4.6-1). If both restricted set type A and type B are declared to be supported, the tests shall be done for type B; the same chosen mapping type shall then be used for all tests.
[bookmark: _Toc58915905]8.1.2.4	Applicability of PUSCH for high speed train performance requirements	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

[bookmark: _Toc58915906]8.1.2.4.1	Applicability of requirements for different speeds
Unless otherwise stated, a BS that declares to support 500km/h (see D.110 in table 4.6-1) and passes the tests for 500km/h, can also consider the tests for 350km/h as passed.
[bookmark: _Toc58915907]8.1.2.4.2	Applicability of requirements for 1T1R	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), if the BS supports 1RX, the tests with low MIMO correlation level shall apply only for either one connector or the second lowest number of supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration. 
If the BS doesn't support 1RX, the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
Note: The highest number of connectors can simultaneously be second lowest number.
[bookmark: _Toc53183238][bookmark: _Toc58915908]8.2	OTA performance requirements for PUSCH	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Numbering to be updated (heading and sections).
Such expected updates are no longer exhaustively marked after this point.
[bookmark: _Toc21102933][bookmark: _Toc29810782][bookmark: _Toc36636134][bookmark: _Toc37273080][bookmark: _Toc45886160][bookmark: _Toc53183239][bookmark: _Toc58915909]8.2.1	Performance requirements for PUSCH with transform precoding disabled
[bookmark: _Toc21102934][bookmark: _Toc29810783][bookmark: _Toc36636135][bookmark: _Toc37273081][bookmark: _Toc45886161][bookmark: _Toc53183240][bookmark: _Toc58915910]8.2.1.1	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 IAB-DU is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc21102935][bookmark: _Toc29810784][bookmark: _Toc36636136][bookmark: _Toc37273082][bookmark: _Toc45886162][bookmark: _Toc53183241][bookmark: _Toc58915911]8.2.1.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x], clause 11.2.1.1.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x], clause 11.2.2.1.
[bookmark: _Toc21102936][bookmark: _Toc29810785][bookmark: _Toc36636137][bookmark: _Toc37273083][bookmark: _Toc45886163][bookmark: _Toc53183242][bookmark: _Toc58915912]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.
[bookmark: _Toc21102937][bookmark: _Toc29810786][bookmark: _Toc36636138][bookmark: _Toc37273084][bookmark: _Toc45886164][bookmark: _Toc53183243][bookmark: _Toc58915913]8.2.1.4	Method of test
[bookmark: _Toc21102938][bookmark: _Toc29810787][bookmark: _Toc36636139][bookmark: _Toc37273085][bookmark: _Toc45886165][bookmark: _Toc53183244][bookmark: _Toc58915914]8.2.1.4.1	Initial conditions
Test environment: Normal, see annex B.2.
[bookmark: _Toc21102939][bookmark: _Hlk530007046]RF channels to be tested for single carrier: M, see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc29810788][bookmark: _Toc36636140][bookmark: _Toc37273086][bookmark: _Toc45886166][bookmark: _Toc53183245][bookmark: _Toc58915915]8.2.1.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.1.4.2-1.
Table 8.2.1.4.2-1: Test parameters for testing PUSCH
	Parameter
	IAB type 1-O
	IAB type 2-O

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	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
	pos1
	{pos0, pos1}

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}, {0,1}

	
	DM-RS sequence generation
	NID0=0, nSCID=0

	Time
	PUSCH mapping type
	A, B
	B

	domain
	Start symbol
	0
	0 

	resource assignment
	Allocation length
	14
	10 

	Frequency
	RB assignment
	Full applicable test bandwidth

	domain resource assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PTRS
	Frequency density (KPT-RS)
	N.A.
	2, Disabled

	configuration
	Time density (LPT-RS)
	N.A.
	1, Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns for IAB type 1-O, and the same requirements are applicable to TDD with different UL-DL patterns for IAB type 2-O.



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.2.1.5.1 and 8.2.1.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.2.1.4.2-2.
Table 8.2.1.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15 
	5
	-86.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-80.2 - ΔOTAREFSENS dBm / 19.08 MHz

	
	30 
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-80.4 - ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-73.1 - ΔOTAREFSENS dBm / 98.28 MHz

	IAB type 2-O
	60 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	
	120 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 190.08 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	For reference channels applicable to the IAB-DU, measure the throughput.
[bookmark: _Toc21102940][bookmark: _Toc29810789][bookmark: _Toc36636141][bookmark: _Toc37273087][bookmark: _Toc45886167][bookmark: _Toc53183246][bookmark: _Toc58915916]8.2.1.5	Test Requirement
[bookmark: _Toc21102941][bookmark: _Toc29810790][bookmark: _Toc36636142][bookmark: _Toc37273088][bookmark: _Toc45886168][bookmark: _Toc53183247][bookmark: _Toc58915917]8.2.1.5.1	Test requirement for IAB type 1-O
The throughput measured according to clause 8.2.1.4.2 shall not be below the limits for the SNR levels specified in table 8.2.1.5.1-1 to table 8.2.1.5.1-18 for 1Tx and for 2Tx two layer spatial multiplexing transmission.
Table 8.2.1.5.1-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	12.9

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	1.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	19.0



Table 8.2.1.5.1-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-1.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	12.8

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	2.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	19.1



Table 8.2.1.5.1-3: Test requirements for PUSCH with 70% of maximum throughput, Type A, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	10.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	13.0

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	2.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	19.1



Table 8.2.1.5.1-4: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	13.4

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	19.2



Table 8.2.1.5.1-5: Test requirements for PUSCH with 70% of maximum throughput, Type A, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	13.1

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	18.9



Table 8.2.1.5.1-6: Test requirements for PUSCH with 70% of maximum throughput, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-1.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	10.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	13.0

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	20.3



Table 8.2.1.5.1-7: Test requirements for PUSCH with 70% of maximum throughput, Type A, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	13.6

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	2.2

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	20.0



Table 8.2.1.5.1-8: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-8
	pos1
	-1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-8
	pos1
	10.8

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-8
	pos1
	13.1

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-22
	pos1
	2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-22
	pos1
	19.1



Table 8.2.1.5.1-9: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-9
	pos1
	-1.7

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-9
	pos1
	11.1

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-9
	pos1
	13.2

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-23
	pos1
	2.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-23
	pos1
	19.5



Table 8.2.1.5.1-10: Test requirements for PUSCH with 70% of maximum throughput, Type B, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-10
	pos1
	-1.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-10
	pos1
	11.0

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-10
	pos1
	12.9

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-24
	pos1
	2.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-24
	pos1
	18.9



Table 8.2.1.5.1-11: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-11
	pos1
	-1.8

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-11
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-11
	pos1
	13.1

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-25
	pos1
	1.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-25
	pos1
	19.3



Table 8.2.1.5.1-12: Test requirements for PUSCH with 70% of maximum throughput, Type B, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-12
	pos1
	-2.3

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-12
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-12
	pos1
	13.1

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-26
	pos1
	2.1

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-26
	pos1
	19.0



Table 8.2.1.5.1-13: Test requirements for PUSCH with 70% of maximum throughput, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-13
	pos1
	-1.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-13
	pos1
	10.6

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-13
	pos1
	13.1

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-27
	pos1
	2.5

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-27
	pos1
	19.5



Table 8.2.1.5.1-14: Test requirements for PUSCH with 70% of maximum throughput, Type B, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-14
	pos1
	-1.9

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-14
	pos1
	10.7

	
	
	Normal
	TDLA30-10 Low
	70 %
	G-FR1-A5-14
	pos1
	13.7

	2
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-28
	pos1
	2.4

	
	
	Normal
	TDLC300-100 Low
	70 %
	G-FR1-A4-28
	pos1
	20.1



Table 8.2.1.5.1-15: Test requirements for PUSCH with 30% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-8
	pos1
	3.5



Table 8.2.1.5.1-16: Test requirements for PUSCH with 30% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-11
	pos1
	3.4



Table 8.2.1.5.1-17: Test requirements for PUSCH with 30% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-8
	pos1
	3.4



Table 8.2.1.5.1-18: Test requirements for PUSCH with 30% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	30 %
	G-FR1-A4-11
	pos1
	3.5



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
[bookmark: _Toc21102942][bookmark: _Toc29810791][bookmark: _Toc36636143][bookmark: _Toc37273089][bookmark: _Toc45886169][bookmark: _Toc53183248][bookmark: _Toc58915918]8.2.1.5.2	Test requirement for IAB type 2-O
The throughput measured according to clause 8.2.1.4.2 shall not be below the limits for the SNR levels specified in table 8.2.1.5.2-1 to 8.2.1.5.2-7.
Table 8.2.1.5.2-1: Test requirements for PUSCH with 70% of maximum throughput, 50 MHz Channel Bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-1
	pos0
	No
	-1.4

	
	
	
	
	
	G-FR2-A3-13
	pos1
	No
	-1.6

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-1
	pos0
	Yes
	12.6

	
	
	
	
	
	
	
	No
	12.1

	
	
	
	
	
	G-FR2-A4-11
	pos1
	Yes
	11.3

	
	
	
	
	
	
	
	No
	11.3

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-1
	pos0
	Yes
	14.3

	
	
	
	
	
	
	
	No
	13.7

	
	
	
	
	
	G-FR2-A5-6
	pos1
	Yes
	14.0

	
	
	
	
	
	
	
	No
	13.5

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-6
	pos0
	No
	2.3

	
	
	
	
	
	G-FR2-A3-18
	pos1
	No
	2.0

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A7-1
	pos0
	Yes
	16.0

	
	
	
	
	
	
	
	No
	15.1

	
	
	
	
	
	G-FR2-A7-6
	pos1
	Yes
	14.6

	
	
	
	
	
	
	
	No
	13.8



Table 8.2.1.5.2-2: Test requirements for PUSCH with 70% of maximum throughput, 100 MHz Channel Bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-2 
	 pos0
	No
	-1.5

	
	
	
	
	
	G-FR2-A3-14 
	 pos1
	No
	-1.8

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-2 
	 pos0
	Yes
	12.8

	
	
	
	
	
	
	
	No
	11.8

	
	
	
	
	
	G-FR2-A4-12
	 pos1
	Yes
	11.8

	
	
	
	
	
	
	
	No
	11.2

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-2 
	 pos0
	Yes
	14.8

	
	
	
	
	
	
	
	No
	13.9

	
	
	
	
	
	G-FR2-A5-7
	 pos1
	Yes
	14.3

	
	
	
	
	
	
	
	No
	13.7

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-7 
	 pos0
	No
	2.3

	
	
	
	
	
	G-FR2-A3-19
	 pos1
	No
	2.0

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A7-2
	pos0
	Yes
	16.8

	
	
	
	
	
	
	
	No
	15.7

	
	
	
	
	
	G-FR2-A7-7
	pos1
	Yes
	14.6

	
	
	
	
	
	
	
	No
	13.9



Table 8.2.1.5.2-3: Test requirements for PUSCH with 70% of maximum throughput, 50 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-3
	pos0
	No
	-1.2

	
	
	
	
	
	G-FR2-A3-15
	pos1
	No
	-1.5

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-3
	pos0
	Yes
	12.2

	
	
	
	
	
	
	
	No
	11.5

	
	
	
	
	
	G-FR2-A4-13
	pos1
	Yes
	11.5

	
	
	
	
	
	
	
	No
	11.1

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-3
	pos0
	Yes
	14.3

	
	
	
	
	
	
	
	No
	13.7

	
	
	
	
	
	G-FR2-A5-8
	pos1
	Yes
	13.8

	
	
	
	
	
	
	
	No
	13.6

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-8
	pos0
	No
	2.2

	
	
	
	
	
	G-FR2-A3-20
	pos1
	No
	2.1

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A7-3
	pos0
	Yes
	15.0

	
	
	
	
	
	
	
	No
	14.4

	
	
	
	
	
	 G-FR2-A7-8
	Pos1
	Yes
	14.7

	
	
	
	
	
	
	
	No
	13.9



Table 8.2.1.5.2-4: Test requirements for PUSCH with 70% of maximum throughput, 100 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-4 
	pos0
	No
	-1.8

	
	
	
	
	
	G-FR2-A3-16
	pos1
	No
	-1.9

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-4 
	pos0
	Yes
	12.5

	
	
	
	
	
	
	
	No
	11.1

	
	
	
	
	
	G-FR2-A4-14
	pos1
	Yes
	11.7

	
	
	
	
	
	
	
	No
	11.1

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-4 
	pos0
	Yes
	14.1

	
	
	
	
	
	
	
	No
	13.5

	
	
	
	
	
	G-FR2-A5-9
	pos1
	Yes
	14.0

	
	
	
	
	
	
	
	No
	13.4

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-9 
	pos0
	No
	2.2

	
	
	
	
	
	G-FR2-A3-21
	pos1
	No
	2.0

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A7-4
	pos0
	Yes
	14.7

	
	
	
	
	
	
	
	No
	14.0

	
	
	
	
	
	G-FR2-A7-9
	pos1
	Yes
	14.3

	
	
	
	
	
	
	
	No
	13.7



Table 8.2.1.5.2-5: Test requirements for PUSCH with 70% of maximum throughput, 200 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-5 
	pos0
	No
	-1.5

	
	
	
	
	
	G-FR2-A3-17
	pos1
	No
	-1.8

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-5 
	pos0
	Yes
	11.9

	
	
	
	
	
	
	
	No
	11.5

	
	
	
	
	
	G-FR2-A4-15
	pos1
	Yes
	11.8

	
	
	
	
	
	
	
	No
	11.3

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-5 
	pos0
	Yes
	14.7

	
	
	
	
	
	
	
	No
	14.0

	
	
	
	
	
	G-FR2-A5-10
	pos1
	Yes
	14.3

	
	
	
	
	
	
	
	No
	13.9

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-10 
	pos0
	No
	2.2

	
	
	
	
	
	G-FR2-A3-22
	pos1
	No
	1.9

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A7-5 
	pos0
	Yes
	14.8

	
	
	
	
	
	
	
	No
	14.1

	
	
	
	
	
	G-FR2-A7-10
	pos1
	Yes
	14.4

	
	
	
	
	
	
	
	No
	13.8



Table 8.2.1.5.2-6: Test requirements for PUSCH with 30% of maximum throughput, 50 MHz channel bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	30 %
	G-FR2-A4-1
	pos0
	Yes
	4.6

	
	
	
	
	
	
	
	No
	4.1

	
	
	
	
	
	G-FR2-A4-11
	pos1
	Yes
	4.3

	
	
	
	
	
	
	
	No
	3.7



Table 8.2.1.5.2-7: Test requirements for PUSCH with 30% of maximum throughput, 50 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	30 %
	G-FR2-A4-3
	pos0
	Yes
	4.6

	
	
	
	
	
	
	
	No
	4.2

	
	
	
	
	
	G-FR2-A4-13
	pos1
	Yes
	4.3

	
	
	
	
	
	
	
	No
	3.8



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
[bookmark: _Toc21102943][bookmark: _Toc29810792][bookmark: _Toc36636144][bookmark: _Toc37273090][bookmark: _Toc45886170][bookmark: _Toc53183249][bookmark: _Toc58915919]8.2.2	Performance requirements for PUSCH with transform precoding enabled	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Transform precoding (from GtW)
Include requirements, create a manufacture declaration to allow dft-s-OFDM support, and add applicability rule to only test, if dft-s-OFDM is supported.
[bookmark: _Toc21102944][bookmark: _Toc29810793][bookmark: _Toc36636145][bookmark: _Toc37273091][bookmark: _Toc45886171][bookmark: _Toc53183250][bookmark: _Toc58915920]8.2.2.1	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 IAB-DU is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21102945][bookmark: _Toc29810794][bookmark: _Toc36636146][bookmark: _Toc37273092][bookmark: _Toc45886172][bookmark: _Toc53183251][bookmark: _Toc58915921]8.2.2.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x], clause 11.2.1.2.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x], clause 11.2.2.2.
[bookmark: _Toc21102946][bookmark: _Toc29810795][bookmark: _Toc36636147][bookmark: _Toc37273093][bookmark: _Toc45886173][bookmark: _Toc53183252][bookmark: _Toc58915922]8.2.2.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21102947][bookmark: _Toc29810796][bookmark: _Toc36636148][bookmark: _Toc37273094][bookmark: _Toc45886174][bookmark: _Toc53183253][bookmark: _Toc58915923]8.2.2.4	Method of test
[bookmark: _Toc21102948][bookmark: _Toc29810797][bookmark: _Toc36636149][bookmark: _Toc37273095][bookmark: _Toc45886175][bookmark: _Toc53183254][bookmark: _Toc58915924]8.2.2.4.1	Initial Conditions
Test environment:	Normal, see clause B.2.
[bookmark: _Toc21102949]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.54 in table 4.6-1).
[bookmark: _Toc29810798][bookmark: _Toc36636150][bookmark: _Toc37273096][bookmark: _Toc45886176][bookmark: _Toc53183255][bookmark: _Toc58915925]8.2.2.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.2.4.2-1.
Table 8.2.2.4.2-1: Test parameters for testing PUSCH
	Parameter
	IAB type 1-O
	IAB type 2-O

	Transform precoding
	Enabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	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
	pos1
	pos0, pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID0=0, group hopping and sequence hopping are disabled

	Time
	PUSCH mapping type
	A, B
	B

	domain
	Start symbol
	0
	0 

	resource assignment
	Allocation length
	14
	10 

	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
	30 PRBs in the middle of the test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Not configured

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns for IAB type 1-O, and the same requirements are applicable to TDD with different UL-DL patterns for IAB type 2-O.	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): No FDD in IAB-MT.
Do we want to keep referencing to FDD in IAB-DU?



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.2.2.5.1 and 8.2.2.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.2.2.4.2-2.
Table 8.2.2.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15 
	5
	-86.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	30 
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	IAB type 2-O
	60 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52MHz 

	
	120 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	For reference channels applicable to the IAB-DU, measure the throughput.
[bookmark: _Toc21102950][bookmark: _Toc29810799][bookmark: _Toc36636151][bookmark: _Toc37273097][bookmark: _Toc45886177][bookmark: _Toc53183256][bookmark: _Toc58915926]8.2.2.5	Test Requirement
[bookmark: _Toc21102951][bookmark: _Toc29810800][bookmark: _Toc36636152][bookmark: _Toc37273098][bookmark: _Toc45886178][bookmark: _Toc53183257][bookmark: _Toc58915927]8.2.2.5.1	Test requirement for IAB type 1-O
The throughput measured according to clause 8.2.2.4.2 shall not be below the limits for the SNR levels specified in table 8.2.2.5.1-1 to table 8.2.2.5.1-4.
Table 8.2.2.5.1-1: Test requirements for PUSCH with 70% of maximum throughput, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of  maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-1.8



Table 8.2.2.5.1-2: Test requirements for PUSCH with 70% of maximum throughput, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-1.9



Table 8.2.2.5.1-3: Test requirements for PUSCH with 70% of maximum throughput, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of  maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-31
	pos1
	-1.7



Table 8.2.2.5.1-4: Test requirements for PUSCH with 70% of maximum throughput, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	70 %
	G-FR1-A3-32
	pos1
	-2.1



[bookmark: _Toc21102952][bookmark: _Toc29810801][bookmark: _Toc36636153][bookmark: _Toc37273099][bookmark: _Toc45886179][bookmark: _Toc53183258][bookmark: _Toc58915928]8.2.2.5.2	Test requirement for IAB type 2-O
The throughput measured according to clause 8.2.2.4.2 shall not be below the limits for the SNR levels specified in table 8.2.2.5.2-1 to table 8.2.2.5.2-2.
Table 8.2.2.5.2-1: Test requirements for PUSCH with 70% of maximum throughput, Type B, 50 MHz channel bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix 
(annex J)
	Fraction of  maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-11
	Pos0
	-1.2

	
	
	
	
	
	G-FR2-A3-23
	pos1
	-1.3



Table 8.2.2.5.2-2: Test requirements for PUSCH with 70% of maximum throughput, Type B, 50 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix 
(annex J)
	Fraction of  maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-12
	Pos0
	-1.2

	
	
	
	
	
	G-FR2-A3-24
	pos1
	-1.3



[bookmark: _Toc21102953][bookmark: _Toc29810802][bookmark: _Toc36636154][bookmark: _Toc37273100][bookmark: _Toc45886180][bookmark: _Toc53183259][bookmark: _Toc58915929]8.2.3	Performance requirements for UCI multiplexed on PUSCH	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): UCI multiplexed on PUSCH
All existing requirements for UCI multiplexed on PUSCH should be re-used.

[bookmark: _Toc21102954][bookmark: _Toc29810803][bookmark: _Toc36636155][bookmark: _Toc37273101][bookmark: _Toc45886181][bookmark: _Toc53183260][bookmark: _Toc58915930]8.2.3.1	Definition and applicability
The performance requirement of UCI multiplexed on PUSCH is determined by two parameters: block error probability (BLER) of CSI part 1 and block error probability of CSI part 2. The performance is measured by the required SNR at block error probability of CSI part 1 not exceeding 0.1 %, and the required SNR at block error probability of CSI part 2 not exceeding 1 %.
The CSI part 1 BLER is defined as the probability of incorrectly decoding the CSI part 1 information when the CSI part 1 information is sent.
The CSI part 2 BLER is defined as the probability of incorrectly decoding the CSI part 2 information when the CSI part2 information is sent.
In the test of UCI multiplexed on PUSCH, the UCI information only contains CSI part 1 and CSI part 2 information, there is no HACK/ACK information transmitted.
The number of UCI information bit payload per slot is defined for two cases as follows:
-	7 bits: 5 bits in CSI part 1, 2 bits in CSI part 2
-	40 bits: 20 bits in CSI part 1, 20 bits in CSI part 2
The 7 bits UCI information case is further defined with the bitmap [c0 c1 c2 c3 c4] = [0 1 0 1 0] for CSI part 1 information, where c0 is mapping to the RI information, and with the bitmap [c0 c1] = [1 0] for CSI part 2 information.
The 40 bits UCI information case is assumed random information bit selection.
In both tests, PUSCH data, CSI part 1 and CSI part 2 are transmitted simultaneously.
Which specific test(s) is applicable to IAB-DU is based on the test applicability rule defined in clause 8.1.2.
[bookmark: _Toc21102955][bookmark: _Toc29810804][bookmark: _Toc36636156][bookmark: _Toc37273102][bookmark: _Toc45886182][bookmark: _Toc53183261][bookmark: _Toc58915931]8.2.3.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x] clause 11.2.1.3.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x] clause 11.2.2.3.
[bookmark: _Toc21102956][bookmark: _Toc29810805][bookmark: _Toc36636157][bookmark: _Toc37273103][bookmark: _Toc45886183][bookmark: _Toc53183262][bookmark: _Toc58915932]8.2.3.3	Test purpose
The test shall verify the receiver's ability to detect UCI with CSI part 1 and CSI part 2 bits multiplexed on PUSCH under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21102957][bookmark: _Toc29810806][bookmark: _Toc36636158][bookmark: _Toc37273104][bookmark: _Toc45886184][bookmark: _Toc53183263][bookmark: _Toc58915933]8.2.3.4	Method of test
[bookmark: _Toc21102958][bookmark: _Toc29810807][bookmark: _Toc36636159][bookmark: _Toc37273105][bookmark: _Toc45886185][bookmark: _Toc53183264][bookmark: _Toc58915934]8.2.3.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21102959]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.54 in table 4.6-1).
[bookmark: _Toc29810808][bookmark: _Toc36636160][bookmark: _Toc37273106][bookmark: _Toc45886186][bookmark: _Toc53183265][bookmark: _Toc58915935]8.2.3.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured to the corresponding UL reference measurement channel defined in annex A, and according to additional test parameters listed in table 8.2.3.4.2-1. The UCI information bit payload per slot is equal to 7bits with CSI part 1 5bits, CSI part 2 2bits, and the UCI information bit payload per slot is equal to 40 bits with CSI part 1 20bits, CSI part 2 20 bits.
Table: 8.2.3.4.2-1 Test parameters for testing UCI multiplexed on PUSCH 
	Parameter
	IAB type 1-O
	IAB type 2-O

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1) 
	30 kHz SCS:
7D1S2U, S=6D:4G:4U
	120 kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Additional DM-RS position
	pos1
	pos0,pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A, B
	B

	resource
	Start symbol
	0

	assignment
	Allocation length
	14
	10

	Frequency
	RB assignment
	Full applicable test bandwidth

	domain resource assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	PT-RS
	Disabled
	Enabled

	configuration
	Frequency density (KPT-RS)
	N.A.
	2

	
	Time density (LPT-RS)
	N.A.
	1

	UCI 
	Number of CSI part1 and CSI part2 information bit payload
	{5, 2}, {20,20}

	
	scaling 
	1

	
	betaOffsetACK-Index1
	11

	
	betaOffsetCSI-Part1-Index1 and betaOffsetCSI-Part1-Index2
	13

	
	betaOffsetCSI-Part2-Index1 and betaOffsetCSI-Part2-Index2
	13

	
	UCI partition for frequency hopping
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns for IAB type 1-O, and the same requirements are applicable to TDD with different UL-DL patterns for IAB type 2-O.



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.2.3.5.1 and 8.2.3.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.2.3.4.2-2.
Table 8.2.3.4.2-2: AWGN power level at the IAB-DU input
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	30
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	IAB type 2-O
	120
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as declared in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



[bookmark: _Toc21102960][bookmark: _Toc29810809]8)	The signal generators sends a test pattern where UCI with CSI part 1 and CSI part 2 information can be multiplexed on PUSCH. The following statistics are kept: the number of incorrectly decoded CSI part 1 information transmitted, the number of incorrectly decoded CSI part 2 information transmitted during UCI multiplexed on PUSCH transmission.
[bookmark: _Toc36636161][bookmark: _Toc37273107][bookmark: _Toc45886187][bookmark: _Toc53183266][bookmark: _Toc58915936]8.2.3.5	Test Requirement
[bookmark: _Toc21102961][bookmark: _Toc29810810][bookmark: _Toc36636162][bookmark: _Toc37273108][bookmark: _Toc45886188][bookmark: _Toc53183267][bookmark: _Toc58915937]8.2.3.5.1	Test requirement for IAB type 1-O
The fraction of incorrectly decoded UCI with CSI part 1 according to clause 8.2.3.4.2 shall be less than 0.1 % for the SNR listed in table 8.2.3.5.1-1 and table 8.2.3.5.1-2. The fraction of incorrectly decoded UCI with CSI part 2 according to clause 8.2.3.4.2 shall be less than 1 % for the SNR listed in table 8.2.3.5.1-3 and table 8.2.3.5.1-4.
Table 8.2.3.5.1-1: Test requirements for UCI multiplexed on PUSCH, Type A, CSI part 1, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	6.0

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	4.9



Table 8.2.3.5.1-2: Test requirements for UCI multiplexed on PUSCH, Type B, CSI part 1, 10MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	6.4

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	4.7



Table 8.2.3.5.1-3: Test requirements for UCI multiplexed on PUSCH, Type A, CSI part 2, 10MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	0.4

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	3.0



Table 8.2.3.5.1-4: Test requirements for UCI multiplexed on PUSCH, Type B, CSI part 2, 10MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLC300-100 Low
	7 (5, 2)
	pos1
	G-FR1-A4-11
	0.9

	
	2
	Normal
	TDLC300-100 Low
	40 (20,20)
	pos1
	G-FR1-A4-11
	3.2



[bookmark: _Toc21102962][bookmark: _Toc29810811][bookmark: _Toc36636163][bookmark: _Toc37273109][bookmark: _Toc45886189][bookmark: _Toc53183268][bookmark: _Toc58915938]8.2.3.5.2	Test requirement for IAB type 2-O
The fraction of incorrectly decoded UCI with CSI part 1 measured according to clause 8.2.3.4.2 shall be less than 0.1 % for the SNR listed in table 8.2.3.5.2-1 and table 8.2.3.5.2-2. The fraction of incorrectly decoded UCI with CSI part 2 measured according to clause 8.2.3.4.2 shall be less than 1 % for the SNR listed in table 8.2.3.5.2-3 and table 8.2.3.5.2-4.
Table 8.2.3.5.2-1: Test requirements for UCI multiplexed on PUSCH, Type B, with PT-RS, CSI part 1, 50 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos0
	G-FR2-A4-3
	7.8

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos0
	G-FR2-A4-3
	6.4

	
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos1
	G-FR2-A4-13
	8.4

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos1
	G-FR2-A4-13
	6.5



Table 8.2.3.5.2-2: Test requirements for UCI multiplexed on PUSCH, Type B, without PT-RS, CSI part 1, 50MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos0
	G-FR2-A4-3
	7.7

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos0
	G-FR2-A4-3
	6.4

	
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos1
	G-FR2-A4-13
	7.9

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos1
	G-FR2-A4-13
	6.1



Table 8.2.3.5.2-3: Test requirements for UCI multiplexed on PUSCH, Type B, with PT-RS, CSI part 2, 50 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos0
	G-FR2-A4-3
	1.7

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos0
	G-FR2-A4-3
	4.6

	
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos1
	G-FR2-A4-13
	1.9

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos1
	G-FR2-A4-13
	4.6



Table 8.2.3.5.2-4: Test requirements for UCI multiplexed on PUSCH, Type B, Without PT-RS, CSI part 2, 50MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex J)
	UCI bits
(CSI part 1, CSI part 2)
	Additional DM-RS position
	FRC
(Annex A)
	SNR (dB)

	1
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos0
	G-FR2-A4-3
	1.7

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos0
	G-FR2-A4-3
	4.5

	
	2
	Normal
	TDLA30-300 Low
	7 (5, 2)
	pos1
	G-FR2-A4-13
	1.8

	
	2
	Normal
	TDLA30-300 Low
	40 (20,20)
	pos1
	G-FR2-A4-13
	4.3



[bookmark: _Toc5282889][bookmark: _Toc36636164][bookmark: _Toc37273110][bookmark: _Toc45886190][bookmark: _Toc53183269][bookmark: _Toc58915939][bookmark: _Toc5282896][bookmark: _Toc21102963][bookmark: _Toc29810812]8.2.4	Performance requirements for PUSCH for high speed train 	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

[bookmark: _Toc5282890][bookmark: _Toc36636165][bookmark: _Toc37273111][bookmark: _Toc45886191][bookmark: _Toc53183270][bookmark: _Toc58915940]8.2.4.1	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. The performance requirements for High Speed Train conditions are optional.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1 and clause 8.1.2.4. 
The performance requirements for PUSCH for high speed train only apply to Wide Area Base Stations and Medium Range Base Stations (subject to declaration).
[bookmark: _Toc5282891][bookmark: _Toc36636166][bookmark: _Toc37273112][bookmark: _Toc45886192][bookmark: _Toc53183271][bookmark: _Toc58915941]8.2.4.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 11.2.1.4.
[bookmark: _Toc5282892][bookmark: _Toc36636167][bookmark: _Toc37273113][bookmark: _Toc45886193][bookmark: _Toc53183272][bookmark: _Toc58915942]8.2.4.3	Test Purpose
The test shall verify the receiver's ability to achieve throughput under high speed train and multipath fading propogation conditions for a given SNR.
[bookmark: _Toc5282893][bookmark: _Toc36636168][bookmark: _Toc37273114][bookmark: _Toc45886194][bookmark: _Toc53183273][bookmark: _Toc58915943]8.2.4.4	Method of test
[bookmark: _Toc5282894][bookmark: _Toc36636169][bookmark: _Toc37273115][bookmark: _Toc45886195][bookmark: _Toc53183274][bookmark: _Toc58915944]8.2.4.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
[bookmark: _Toc5282895]Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc36636170][bookmark: _Toc37273116][bookmark: _Toc45886196][bookmark: _Toc53183275][bookmark: _Toc58915945]8.2.4.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.4.4.2-1.
Table 8.2.4.4.2-1: Test parameters for testing PUSCH under HST conditions
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD (Note1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	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

	
	First DM-RS position
	pos 2 or pos 3 (NOTE 2)

	
	Additional DM-RS position
	Pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.
Note 2:	Either pos2 or pos3  may be selected for conformance testing.



	The channel emulators shall be configured according to the corresponding channel model defined in annex J. Unless stated otherwise, the MIMO correlation matrices for the gNB are defined in annex J for low correlation.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.2.4.5 and that the SNR at the BS 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 in table 8.2.4.4.2-2.
Table 8.2.4.4.2-2: AWGN power level at the BS input
	[bookmark: MCCQCTEMPBM_00000259]BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	
1-O
	15
	5
	-86.5 - ΔOTAREFSENS dBm / 4.5MHz

	
	
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	30
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64MHz

	
	
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.



8)	For reference channels applicable to the BS, measure the throughput.
[bookmark: _Toc36636171][bookmark: _Toc37273117][bookmark: _Toc45886197][bookmark: _Toc53183276][bookmark: _Toc58915946]8.2.4.5	Test Requirement
The throughput measured according to clause 8.2.4.4.2 shall not be below the limits for the SNR levels specified in table 8.2.4.5-1 to 8.2.4.5-10. Unless stated otherwise, the MIMO correlation matrices for the gNB are defined in annex J for low correlation.
Table 8.2.4.5-1: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 15 kHz SCS, 350km/h
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-33
	pos2
	-3.4

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-29
	pos2
	8.7

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-33
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-29
	pos2
	9.0



Table 8.2.4.5-2: Test requirements for PUSCH, Type A, 40 MHz channel bandwidth, 30 kHz SCS, 350km/h
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-34
	pos2
	-3.4

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-30
	pos2
	8.8

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-34
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-30
	pos2
	9.0



Table 8.2.4.5-3: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 15 kHz SCS, 500km/h
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-33
	pos2
	-3.6

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-29
	pos2
	8.8

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-33
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-29
	pos2
	9.5



Table 8.2.4.5-4: Test requirements for PUSCH, Type A, 40 MHz channel bandwidth, 30 kHz SCS, 500km/h
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-34
	pos2
	-3.6

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-30
	pos2
	9.0

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-34
	pos2
	-3.3

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-30
	pos2
	8.3



Table 8.2.4.5-5: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS, 350km/h
	[bookmark: MCCQCTEMPBM_00000260]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	
2

	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-33A
	pos2
	[-3.4]

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-29A
	pos2
	[8.8]

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-33A
	pos2
	[-3.3]

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-29A
	pos2
	[8.8]



Table 8.2.4.5-6: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS, 350km/h
	[bookmark: MCCQCTEMPBM_00000261]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	
2

	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A3-34A
	pos2
	[-3.4]

	
	
	Normal
	HST Scenario 1-NR350
	70 %
	G-FR1-A4-30A
	pos2
	[8.6]

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A3-34A
	pos2
	[-3.4]

	
	
	Normal
	HST Scenario 3-NR350
	70 %
	G-FR1-A4-30A
	pos2
	[8.7]



Table 8.2.4.5-7: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS, 500km/h
	[bookmark: MCCQCTEMPBM_00000262]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	
2

	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-33A
	pos2
	[-3.3]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-29A
	pos2
	[9.0]

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-33A
	pos2
	[-3.2]

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-29A
	pos2
	[9.1]



Table 8.2.4.5-8: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS, 500km/h
	[bookmark: MCCQCTEMPBM_00000263]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	
2

	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A3-34A
	pos2
	[-3.4]

	
	
	Normal
	HST Scenario 1-NR500
	70 %
	G-FR1-A4-30A
	pos2
	[8.8]

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A3-34A
	pos2
	[-3.3]

	
	
	Normal
	HST Scenario 3-NR500
	70 %
	G-FR1-A4-30A
	pos2
	[8.7]



Table 8.2.4.5-9: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS, multi-path fading channel 
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Frequency offset (Hz)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	
2

	Normal
	TDLC300-600
	
0
	70 %
	G-FR1-A3-33A
	pos2
	[-1.4]



Table 8.2.4.5-10: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS, multi-path fading channel
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions (Annex J)
	Frequency offset (Hz)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	
2

	Normal
	TDLC300-1200
	
0
	70 %
	G-FR1-A3-34A
	pos2
	[-1.2]



[bookmark: _Toc45886198][bookmark: _Toc53183277][bookmark: _Toc58915947]8.2.5	Performance requirements for UL timing adjustment 	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

[bookmark: _Toc45886199][bookmark: _Toc53183278][bookmark: _Toc58915948]8.2.5.1	Definition and applicability
The performance requirement of UL timing adjustment is determined by a minimum required throughput for the moving UE at given SNR. The performance requirements assume HARQ retransmissions. The performance requirements for UL timing adjustment scenario Y and scenario Z defined in Annex J.4 are optional. 
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 parameters in Table A.4-2B are applied for both UEs. The received power for both UEs is the same. The resource blocks allocated for both UEs are consecutive. In scenario Y and scenario Z, Doppler shift is not taken into account.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc45886200][bookmark: _Toc53183279][bookmark: _Toc58915949]8.2.5.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2] clause 12.2.1.5.
[bookmark: _Toc45886201][bookmark: _Toc53183280][bookmark: _Toc58915950]8.2.5.3	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.
[bookmark: _Toc45886202][bookmark: _Toc53183281][bookmark: _Toc58915951]8.2.5.4	Method of test
[bookmark: _Toc45886203][bookmark: _Toc53183282][bookmark: _Toc58915952]8.2.5.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc45886204][bookmark: _Toc53183283][bookmark: _Toc58915953]8.2.5.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.5.4.2-1.
Table 8.2.5.4.2-1 Test parameters for testing UL timing adjustment
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	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
	pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	Time domain
	PUSCH mapping type
	A,B

	resource assignment
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	5 MHz CBW/15kHz: 12 RB for each UE
10MHz CBW/15kHz SCS: 25 RB for each UE
10MHz CBW/30kHz: 12 RB for each UE 
40MHz CBW/30kHz SCS: 50 RB for each UE

	
	Starting PRB index
	Moving UE: 0 
Stationary UE: 12 for 5MHz CBW/15kHz SCS, 25 for 10 MHz CBW/15kHz SCS, 12 for 10MHz CBW/30kHz SCS and 50 for 40 MHz CBW/30kHz SCS

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	For FDD: slot #1 in radio frames
For TDD:
-	last symbol in slot #3 in radio frames for 15KHz
-	last symbol in slot #7 in radio frames for 30KHz

	
	SRS resource allocation
	15 kHz SCS:
-	CSRS =5, BSRS =0, for 20 RB
-	CSRS = 11, BSRS =0, for 40 RB
30 kHz SCS: 
-	CSRS =5, BSRS =0, for 20 RB
-	CSRS = 21, BSRS =0, for 80 RB

	NOTE 1.	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.



	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J. Unless stated otherwise, the MIMO correlation matrices for the gNB are defined in annex J for low correlation.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.2.5.5 for high speed train and clause 8.2.5.6 for normal mode and that the SNR at the BS 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 in table 8.2.5.4.2-2.
Table 8.2.5.4.2-2: AWGN power level at the BS input
	[bookmark: MCCQCTEMPBM_00000264]BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	1-O
	15
	5
	-86.5dBm  - ΔOTAREFSENS dBm / 4.5MHz

	
	
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	30
	10
	-86.3 dBm  - ΔOTAREFSENS dBm / 8.64MHz

	
	
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.



8)	For reference channels applicable to the BS, measure the throughput.
[bookmark: _Toc45886205][bookmark: _Toc53183284][bookmark: _Toc58915954]8.2.5.5	Test Requirement for High Speed Train
The throughput measured for the moving UE 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 for mapping type A and table 8.2.5.5-2 for mapping type B respectively.
[bookmark: _Toc36636172][bookmark: _Toc37273118][bookmark: _Toc45886206][bookmark: _Toc53183285]Table 8.2.5.5-1 Test requirements for UL timing adjustment with mapping type A for high speed train
	[bookmark: MCCQCTEMPBM_00000265]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex J)
	FRC
(Annex A)
	SNR
[dB]

	1
	2
	Normal
	5
	15
	Scenario Y
	G-FR1-A4-31A
	[8.5]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-31A
	[8.6]

	
	
	
	10
	15
	Scenario Y
	G-FR1-A4-31
	8.8

	
	
	
	
	
	Scenario Z
	G-FR1-A4-31
	[8.7]

	
	
	
	10
	30
	Scenario Y
	G-FR1-A4-32A
	[8.6]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32A
	[8.6]

	
	
	
	40
	30
	Scenario Y
	G-FR1-A4-32
	8.7

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32
	[8.8]



Table 8.2.5.5-2 Test requirements for UL timing adjustment with mapping type B for high speed train
	[bookmark: MCCQCTEMPBM_00000266]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex J)
	FRC
(Annex A)
	SNR
[dB]

	1
	2
	Normal
	5
	15
	Scenario Y
	G-FR1-A4-31A
	[8.6]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-31A
	[8.6]

	
	
	
	10
	15
	Scenario Y
	G-FR1-A4-31
	8.8

	
	
	
	
	
	Scenario Z
	G-FR1-A4-31
	[8.8]

	
	
	
	10
	30
	Scenario Y
	G-FR1-A4-32A
	[8.6]

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32A
	[8.7]

	
	
	
	40
	30
	Scenario Y
	G-FR1-A4-32
	8.7

	
	
	
	
	
	Scenario Z
	G-FR1-A4-32
	[8.8]



[bookmark: _Toc58915955]8.2.5.6	Test Requirement for Normal Mode
The throughput measured for the moving UE according to clause 8.2.5.4.2 shall not be below the limits for the SNR levels specified in table 8.2.5.6-1 for mapping type A and table 8.2.5.6-2 for mapping type B respectively.
Table 8.2.5.6-1 Test requirements for UL timing adjustment with mapping type A for normal mode
	[bookmark: MCCQCTEMPBM_00000267]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex J)
	FRC
(Annex A)
	SNR
[dB]

	1
	2
	Normal
	5
	15
	Scenario X
	G-FR1-A4-31A
	[11.2]

	
	
	
	10
	15
	Scenario X
	G-FR1-A4-31
	[11.8]

	
	
	
	10
	30
	Scenario X
	G-FR1-A4-32A
	[11.4]

	
	
	
	40
	30
	Scenario X
	G-FR1-A4-32
	[12.6]



Table 8.2.5.6-2 Test requirements for UL timing adjustment with mapping type B for normal mode
	[bookmark: MCCQCTEMPBM_00000268]Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Channel Bandwidth [MHz]
	SCS [kHz]
	Moving propagation conditions and correlation matrix (Annex J)
	FRC
(Annex A)
	SNR
[dB]

	1
	2
	Normal
	5
	15
	Scenario X
	G-FR1-A4-31A
	[11.2]

	
	
	
	10
	15
	Scenario X
	G-FR1-A4-31
	[11.9]

	
	
	
	10
	30
	Scenario X
	G-FR1-A4-32A
	[11.3]

	
	
	
	40
	30
	Scenario X
	G-FR1-A4-32
	[13.0]



[bookmark: _Toc58915956]8.2.6	Performance requirements for PUSCH with 0.001% BLER	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Other Rel-16 BS demod requirements
Do not include Rel-16 BS demod requirements, i.e., the following (HST discussed separately)
30% TPUT requirements for PUSCH with transform precoding disabled.
2-step RACH
NR-U
URLLC 0.001% BLER
URLLC high reliability
URLLC low latency

[bookmark: _Toc58915957]8.2.6.1	Definition and applicability
The performance requirement of PUSCH is determined by a maximum required transport block error rate (BLER) for a given SNR. The required BLER is defined as the probability of incorrectly decoding the transport block after reaching the maximum number of HARQ transmissions for the FRCs listed in annex A. 
[bookmark: _Toc58915958]8.2.6.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2], clause 11.2.1.6.
For BS type 2-O, no requirement and no test are defined.
[bookmark: _Toc58915959]8.2.6.3	Test Purpose
The test shall verify the receiver's ability to achieve 0.001% BLER under AWGN conditions for a given SNR.
[bookmark: _Toc58915960]8.2.6.4	Method of test
[bookmark: _Toc58915961]8.2.6.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc58915962]8.2.6.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.5.4.2-1.

Table 8.2.6.4.2-1: Test parameters for testing PUSCH with 0.001% BLER
	[bookmark: MCCQCTEMPBM_00000269]Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0 

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos1

	
	Number of DM-RS CDM group(s) without data
	1

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



	No multipath fading channel is included in the test.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.2.6.5 and that the SNR at the BS 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 in table 8.2.6.4.2-2.
Table 8.2.5.4.2-2: AWGN power level at the BS input
	[bookmark: MCCQCTEMPBM_00000270]BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	1-O
	15
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	30
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.



8)	For reference channels applicable to the BS, measure the BLER. BLER is evaluated based on the test methodology described in Annex I.

[bookmark: _Toc58915963]8.2.6.5	Test requirement
[bookmark: _Toc58915964]8.2.6.5.1	Test requirement for BS type 1-O
The throughput measured according to clause 8.2.6.4.2 shall not be below the limits for the SNR levels specified in table 8.2.6.5.1-1 to table 8.2.6.5.1-8 for 0.001% BLER if declared to be supported.
Table 8.2.6.5.1-1: Test requirements for PUSCH with 0.001% BLER, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-1
	Pos1
	-3.8



Table 8.2.6.5.1-2: Test requirements for PUSCH with 0.001% BLER, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-2
	Pos1
	-4.6



Table 8.2.6.5.1-3: Test requirements for PUSCH with 0.001% BLER, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-3
	Pos1
	-4.1



Table 8.2.6.5.1-4: Test requirements for PUSCH with 0.001% BLER, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-4
	Pos1
	-4.9



Table 8.2.6.5.1-5: Test requirements for PUSCH with 0.001% BLER, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-1
	Pos1
	-3.9



Table 8.2.6.5.1-6: Test requirements for PUSCH with 0.001% BLER, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-2
	Pos1
	-4.6



Table 8.2.6.5.1-7: Test requirements for PUSCH with 0.001% BLER, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-3
	Pos1
	-4.2



Table 8.2.6.5.1-8: Test requirements for PUSCH with 0.001% BLER, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions 
	BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	AWGN
	0.001%
	G-FR1-A3A-4
	Pos1
	-4.9



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
[bookmark: _Toc58915965]8.2.7	Performance requirements for PUSCH repetition Type A	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Other Rel-16 BS demod requirements
Do not include Rel-16 BS demod requirements, i.e., the following (HST discussed separately)
30% TPUT requirements for PUSCH with transform precoding disabled.
2-step RACH
NR-U
URLLC 0.001% BLER
URLLC high reliability
URLLC low latency

[bookmark: _Toc58915966]8.2.7.1	Definition and applicability
The performance requirement of PUSCH repetition Type A is determined by block error probability (BLER). The performance is measured by the required SNR at block error probability of PUSCH data not exceeding 1 %. The performance requirements assume HARQ re-transmissions.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc58915967]8.2.7.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2], clause 11.2.1.7.
For BS type 2-O, the minimum requirement is in TS 38.104 [2], clause 11.2.2.7.
[bookmark: _Toc58915968]8.2.7.3	Test purpose
The test shall verify the receiver's ability to achieve target block error probability of PUSCH repetition Type A under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc58915969]8.2.7.4	Method of test
[bookmark: _Toc58915970]8.2.7.4.1	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: MBW Channel CA; see clause 4.9.1.
Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc58915971]8.2.7.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.7.4.2-1.
Table 8.2.7.4.2-1: Test parameters for testing PUSCH repetition Type A
	[bookmark: MCCQCTEMPBM_00000271]Parameter
	BS type 1-O
	BS type 2-O

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U
	DDDSU, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	{0,3,0,3} (Note 2)

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}, {0,1}

	
	DM-RS sequence generation
	NID0=0, nSCID=0

	Time domain resource assignment
	PUSCH mapping type
	A, B
	B

	
	Start symbol
	0
	0

	
	Allocation length
	14
	10

	
	PUSCH aggregation factor
	15kHz SCS: n2 for FDD and n8 for TDD
30kHz SCS: n2
(Note 3)
	n8 (Note 4)

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled
	Disabled

	PTRS configuration
	Frequency density (KPT-RS)
	N.A.
	TBD

	
	Time density (LPT-RS)
	N.A.
	TBD

	Note 1:	The same requirements are applicable to TDD with different UL-DL patterns and different aggregation factor configurations under assumption that two effective transmissions of the transport block are generated for BS type 2-O.
Note 2:	The effective RV sequence is {0,2,3,1} with slot aggregation
Note 3:	The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary, while for FDD a value of n2 is necessary.
Note 4:	The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary.



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.2.7.5.1 and clause 8.2.7.5.2 for BS type 1-O and BS type 2-O respectively, and that the SNR at the BS 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 in table 8.2.7.4.2-2.
Table 8.2.7.4.2-2: AWGN power level at the BS input
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 1-O
	15 
	5
	-86.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	30 
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	BS type 2-O
	60 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	
	120 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	For reference channels applicable to the BS, measure the throughput.
[bookmark: _Toc58915972]8.2.1.5	Test Requirement
[bookmark: _Toc58915973]8.2.1.5.1	Test requirement for BS type 1-O
The block error probability (BLER) measured according to clause 8.2.7.4.2 shall not exceed 1% for the SNR levels specified in table 8.2.7.5.1-1 to table 8.2.7.5.1-8 for 1Tx.
Table 8.2.7.5.1-1: Test requirements for PUSCH, Type A, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-1
	pos1
	[-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 8.2.7.5.1-2: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-2
	pos1
	[-8.7]

	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 8.2.7.5.1-3: Test requirements for PUSCH, Type A, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-3
	pos1
	[-7.6]

	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 8.2.7.5.1-4: Test requirements for PUSCH, Type A, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-4
	pos1
	[-9.7]

	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 8.2.7.5.1-5: Test requirements for PUSCH, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-1
	pos1
	[-7.6]

	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 8.2.7.5.1-6: Test requirements for PUSCH, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-2
	pos1
	[-9.2]

	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.



Table 8.2.7.5.1-7: Test requirements for PUSCH, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-3
	pos1
	[-7.6]

	Note 1: Calculate the target BLER after all HARQ transmission(s) for one TB.



Table 8.2.7.5.1-8: Test requirements for PUSCH, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Target BLER
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400 Low
	1% (Note 1)
	G-FR1-A3A-4
	pos1
	[-9.6]

	Note 1: Calculate the target BLER after all HARQ transmission(s) for one TB.



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
[bookmark: _Toc58915974]8.2.7.5.2	Test requirement for BS type 2-O
The block error probability (BLER) measured according to clause 8.2.7.4.2 shall not exceed 1% for the SNR levels specified in table 8.2.7.5.2-1 to 8.2.7.5.2-7.
Table 8.2.7.5.2-1: Test requirements for PUSCH with 1% BLER, 50 MHz Channel Bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	BLER
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TBD
	1 %
	TBD
	pos1
	TBD
	TBD



Table 8.2.7.5.2-2: Test requirements for PUSCH with 1% BLER, 100 MHz Channel Bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	BLER
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TBD
	1 %
	TBD
	pos1
	TBD
	TBD



Table 8.2.7.5.2-3: Test requirements for PUSCH with 1% BLER, 50 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	BLER
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TBD
	1 %
	TBD
	pos1
	TBD
	TBD



Table 8.2.7.5.2-4: Test requirements for PUSCH with 1% BLER, 100 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	BLER
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TBD
	1 %
	TBD
	pos1
	TBD
	TBD



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
8.2.8	Performance requirements for PUSCH mapping Type B with non-slot transmission	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Other Rel-16 BS demod requirements
Do not include Rel-16 BS demod requirements, i.e., the following (HST discussed separately)
30% TPUT requirements for PUSCH with transform precoding disabled.
2-step RACH
NR-U
URLLC 0.001% BLER
URLLC high reliability
URLLC low latency

[bookmark: _Toc58915975]8.2.8.1	Definition and applicability
The performance requirement of PUSCH mapping type B with non-slot transmission 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.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1.
[bookmark: _Toc58915976]8.2.8.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2], clause 11.2.1.8.
For BS type 2-O, the minimum requirement is in TS 38.104 [2], clause 11.2.2.5.
[bookmark: _Toc58915977]8.2.8.3	Test purpose
The test shall verify the receiver's ability to achieve throughput under scenarios with non-slot PUSCH Type B transmission for a given SNR.
[bookmark: _Toc58915978]8.2.8.4	Method of test
[bookmark: _Toc58915979]8.2.8.4.1	Initial conditions
Test environment: Normal, see annex B.2.
RF channels to be tested for single carrier: M, see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc58915980]8.2.8.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.8.4.2-1.
Table 8.2.8.4.2-1: Test parameters for testing PUSCH
	Parameter
	BS type 1-O
	BS type 2-O

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos0
	TBD

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID=0

	Time
	PUSCH mapping type
	B
	B

	domain
	Start symbol
	0
	0 

	resource assignment
	Allocation length
	2
	TBD

	Frequency
	RB assignment
	Full applicable test bandwidth

	domain resource assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PTRS
	Frequency density (KPT-RS)
	N.A.
	Disabled

	configuration
	Time density (LPT-RS)
	N.A.
	Disabled

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns for BS type 1-O, and the same requirements are applicable to TDD with different UL-DL patterns for BS type 2-O.



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.2.8.5.1 and 8.2.8.5.2 for BS type 1-O and BS type 2-O respectively, and that the SNR at the BS 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 in table 8.2.8.4.2-2.
Table 8.2.8.4.2-2: AWGN power level at the BS input
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 1-O
	15 
	5
	-86.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-83.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	30 
	10
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	40
	-77.2 - ΔOTAREFSENS dBm / 38.16 MHz

	BS type 2-O
	60 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	
	120 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	For reference channels applicable to the BS, measure the throughput.
[bookmark: _Toc58915981]8.2.8.5	Test Requirement
[bookmark: _Toc58915982]8.2.8.5.1	Test requirement for BS type 1-O
The throughput measured according to clause 8.2.8.4.2 shall not be below the limits for the SNR levels specified in table 8.2.8.5.1-1 to table 8.2.8.5.1-4 for 1Tx.
Table 8.2.8.5.1-1: Test requirements for PUSCH, Type B, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1-A3B-1
	pos0
	[1.2]



Table 8.2.8.5.1-2: Test requirements for PUSCH, Type B, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1-A3B-2
	pos0
	[0.8]



Table 8.2.8.5.1-3: Test requirements for PUSCH, Type B, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1-A3B-3
	pos0
	[1.0]



Table 8.2.8.5.1-4: Test requirements for PUSCH, Type B, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex J)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100 Low
	70%
	G-FR1-A3B-4
	pos0
	[0.5]



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
[bookmark: _Toc58915983]8.2.8.5.2	Test requirement for BS type 2-O
The throughput measured according to clause 8.2.8.4.2 shall not be below the limits for the SNR levels specified in table 8.2.8.5.2-1 to 8.2.8.5.2-4 for 1Tx.
Table 8.2.8.5.2-1: Test requirements for PUSCH with 70% of maximum throughput, 50 MHz Channel Bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	TBD
	TBD
	No
	TBD



Table 8.2.8.5.2-2: Test requirements for PUSCH with 70% of maximum throughput, 100 MHz Channel Bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	TBD
	TBD
	No
	TBD



Table 8.2.8.5.2-3: Test requirements for PUSCH with 70% of maximum throughput, 50 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	TBD
	TBD
	No
	TBD



Table 8.2.8.5.2-3: Test requirements for PUSCH with 70% of maximum throughput, 100 MHz Channel Bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (annex G)
	Fraction of maximum throughput
	FRC
(annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	TBD
	TBD
	No
	TBD



NOTE:	If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in annex C.
[bookmark: _Toc58915984]8.2.9	Performance requirements for MsgA PUSCH	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Other Rel-16 BS demod requirements
Do not include Rel-16 BS demod requirements, i.e., the following (HST discussed separately)
30% TPUT requirements for PUSCH with transform precoding disabled.
2-step RACH
NR-U
URLLC 0.001% BLER
URLLC high reliability
URLLC low latency

[bookmark: _Toc58915985]8.2.9.1	Definition and applicability
The performance requirement of MsgA PUSCH is determined by a maximum allowed block error rate of Msg A received by BS at given SNR for FRCs listed in annex A. The performance requirements assume that the precedent preamble of MsgA is correctly detection. The performance requirements of assume no HARQ retransmission.
These requirements are applicabile for wide area and medium range BS that support 2-step RACH. The requirements are not applied for a local area BS that supports 2-step RACH.
Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.1. 
[bookmark: _Toc58915986][bookmark: _Hlk58915356]8.2.9.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2] clause xxxxx
For BS type 2-O, the minimum requirement is in TS 38.104 [2] clause xxxxx
[bookmark: _Toc58915987]8.2.9.3	Test Purpose
The test shall verify the receiver's ability to detect MsgA PUSCH under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc58915988]8.2.9.4	Method of test
[bookmark: _Toc58915989]8.2.9.4.1	Initial Conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
Direction to be tested: OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc58915990]8.2.9.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 parameters listed in table 8.2.9.4.2-1.
Table 8.2.9.4.2-1: Test parameters for testing PUSCH
	[bookmark: MCCQCTEMPBM_00000272]Parameter
	BS type 1-O
	BS type 2-O

	Preamble format
	Free choice

	Transform precoding
	Disable

	Power offset between preamble and MsgA(Note 1)
	Free choice

	Default TDD UL-DL pattern 
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos 1 or pos 2 (Note 2)
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID0=0, group hopping and sequence hopping are disabled

	Time
	PUSCH mapping type
	A, B
	B

	domain
	Start symbol
	0
	0 

	resource assignment
	Allocation length
	14
	10 

	Frequency domain resource assignment
	RB assignment
	2
	2

	
	Starting PRB index 
	0
	0

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Not configured

	Timing offset (TO) Cycling (us)
	
	15 kHz SCS: 0:0.2:3.8
30 kHz SCS: 0:0.1:2
	60 kHz SCS: 0:0.1:0.6
120 kHz SCS: 0:0.1:0.5

	NOTE1:	The power ratio between preamble and msgA is set to be sufficient to achieve 100% preamble detection. The SNR for the requirement is defined on the msgA PUSCH
NOTE 2:	For FR1, either pos 1 or pos 2 may be used for the test FRC. A pass with either of these possibilities is sufficient to demonstrate compliance to the core requirement.



6)	The channel emulators shall be configured according to the corresponding channel model defined in annex J. Unless stated otherwise, the MIMO correlation matrices for the gNB are defined in annex G for low correlation.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.2.9.5.1 and 8.2.9.5.2 for BS type 1-O and BS type 2-O respectively, and that the SNR at the BS 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 in table 8.2.4.4.2-2.
Table 8.2.9.4.2-2: AWGN power level at the BS input
	[bookmark: MCCQCTEMPBM_00000273]BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 1-O
	15 
	[5]
	-86.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	30 
	[10]
	-83.6 - ΔOTAREFSENS dBm / 8.64 MHz

	BS type 2-O
	60 
	[50]
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52MHz 

	
	120 
	[50]
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	The test signal generator sends a MsgA including a preamble and PUSCH signal and the receiver tries to detect the MsgA signal contents. The MsgA signal is sent with timing offset as described below. The following statistics are collected: the number of incorrectly decoded MsgA PUSCH transmitted during the MsgA signal transmission.
The timing offset base value for MsgA signal with 15 kHz SCS is set to 0. This offset is increased within the loop, by adding in each step a value of 0.2 us for BS type 1-O with 15 kHz SCS, until the end of the tested range, which is 3.8 us. At the end of the testing range, the offset is reset to zero. The timing offset scheme for MsgA transmission is presented in Figure 8.2.9.4.2-1.



Figure 8.2.9.4.2-1: Timing offset scheme for MsgA transmission for BS type 1-O with 15 kHz SCS
The timing offset base value for MsgA signal with 30 kHz is set to 0. This offset is increased within the loop, by adding in each step a value of 0.1 us for BS type 1-O with 30 kHz SCS, until the end of the tested range, which is 2 us. At the end of the testing range, the offset is reset to zero. The timing offset scheme for MsgA transmission is presented in Figure 8.2.9.4.2-2.


Figure 8.2.9.4.2-2: Timing offset scheme for MsgA transmission for BS type 1-O with 30 kHz SCS
The timing offset base value for MsgA signal with 60 kHz is set to 0. This offset is increased within the loop, by adding in each step a value of 0.1 us for BS type 2-O with 60 kHz SCS, until the end of the tested range, which is 0.6 us. At the end of the testing range, the offset is reset to zero. The timing offset scheme for MsgA transmission is presented in Figure 8.2.9.4.2-3.


Figure 8.2.9.4.2-3: Timing offset scheme for MsgA transmission for BS type 2-O with 60 kHz SCS
The timing offset base value for MsgA signal with120 kHz is set to 0. This offset is increased within the loop, by adding in each step a value of 0.1 us for BS type 2-O with 120 kHz SCS, until the end of the tested range, which is 0.5 us. At the end of the testing range, the offset is reset to zero. The timing offset scheme for MsgA transmission is presented in Figure 8.2.9.4.2-4.


Figure 8.2.9.4.2-4: Timing offset scheme for MsgA transmission for BS type 2-O with 120 kHz SCS
[bookmark: _Toc58915991]8.2.9.5	Test Requirement
[bookmark: _Toc58915992]8.2.9.5.1	Test Requirement for BS type 1-O
The block error rate of MsgA PUSCH for the reference measurement channel as specified in Annex A at the SNR given in table 8.2.9.5.1-1 to table 8.2.9.5.1-4 shall not exceed 1%.
Table 8.2.9.5.1-1: Test requirements for MsgA PUSCH, Type A，15 kHz SCS
	Number of TX antennas
	Number of RX demodulation branches
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-1, or
G-FR1-A8-2
	0, 0.2, 3.8
	[7.3]

	Note 1:	the time offset values are described as X, Y, Z where X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5.1-2: Test requirements for MsgA PUSCH, Type A，30 kHz SCS
	Number of TX antennas
	Number of RX demodulation branches
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-1, or
G-FR1-A8-2
	0, 0.1, 2.0
	[7.1]

	Note 1:	the time offset values are described as X, Y, Z where X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5.1-3: Test requirements for MsgA PUSCH, Type B, 15 kHz SCS
	Number of TX antennas
	Number of RX demodulation branches
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-1, or
G-FR1-A8-2
	0, 0.2, 3.8
	[7.5]

	Note 1:	the time offset values are described as X, Y, Z where X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5.1-4: Test requirements for MsgA PUSCH, Type B，30 kHz SCS
	Number of TX antennas
	Number of RX demodulation branches
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR1-A8-1, or
G-FR1-A8-2
	0, 0.1, 2.0
	[6.9]

	Note 1:	the time offset values are described as X, Y, Z where X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



[bookmark: _Toc58915993]8.2.9.5.2	Test Requirement for BS type 2-O
The block error rate of MsgA PUSCH for the reference measurement channel as specified in Annex A at the SNR given in table 8.2.9.5.2-1 to table 8.2.9.5.2-2 shall not exceed 1%.
Table 8.2.9.5.2-1: Test requirements for MsgA PUSCH, Type B, 60 kHz SCS
	Number of TX antennas
	Number of RX demodulation branches
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR2-A9-1
	0, 0.1, 0.6
	[9.2]

	Note 1:	the time offset values are described as X, Y, Z where X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



Table 8.2.9.5.2-2: Test requirements for MsgA PUSCH, Type B, 120 kHz SCS
	Number of TX antennas
	Number of RX demodulation branches
	Cyclic prefix
	Propagation conditions 
(Annex G)
	BLER
	FRC
(Annex A)
	Time offset (Note 1)
	SNR
(dB)

	1
	2
	Normal
	TDLC300-100
	1%
	G-FR2-A9-1
	0, 0.1, 0.5
	[8.8]

	Note 1:	the time offset values are described as X, Y, Z where X is the first TO value, Y is the step in which the TO should be incremented, and Z is the largest TO value in the range.



[bookmark: _Toc58915994]8.3	OTA performance requirements for PUCCH	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): PUCCH DM-RS configuration
Keep existing BS demodulation based DM-RS configurations.

[bookmark: _Toc21102964][bookmark: _Toc29810813][bookmark: _Toc36636173][bookmark: _Toc37273119][bookmark: _Toc45886207][bookmark: _Toc53183286][bookmark: _Toc58915995]8.3.1	Performance requirements for PUCCH format 0
[bookmark: _Toc21102965][bookmark: _Toc29810814][bookmark: _Toc36636174][bookmark: _Toc37273120][bookmark: _Toc45886208][bookmark: _Toc53183287][bookmark: _Toc58915996]8.3.1.1	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 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 38.101-1 [24] clause 6.3.3.1 and TS 38.101-2 [25] 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.	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): To verify: Is transient period in IAB handled like in UE?
Can this paragraph remain as is?
Which specific test(s) are applicable to IAB-DU is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21102966][bookmark: _Toc29810815][bookmark: _Toc36636175][bookmark: _Toc37273121][bookmark: _Toc45886209][bookmark: _Toc53183288][bookmark: _Toc58915997]8.3.1.2	Minimum Requirement
For IAB type 1-O, the minimum requirements are in TS 38.174 [x] clause 11.3.1.1 and 11.3.1.2.
For IAB type 2-O, the minimum requirements are in TS 38.174 [x] clause 11.3.2.1 and 11.3.2.2.
[bookmark: _Toc21102967][bookmark: _Toc29810816][bookmark: _Toc36636176][bookmark: _Toc37273122][bookmark: _Toc45886210][bookmark: _Toc53183289][bookmark: _Toc58915998]8.3.1.3	Test purpose
The test shall verify the receiver's ability to detect ACK under multipath fading propagation conditions for a given SNR.
[bookmark: _Toc21102968][bookmark: _Toc29810817][bookmark: _Toc36636177][bookmark: _Toc37273123][bookmark: _Toc45886211][bookmark: _Toc53183290][bookmark: _Toc58915999]8.3.1.4	Method of test
[bookmark: _Toc21102969][bookmark: _Toc29810818][bookmark: _Toc36636178][bookmark: _Toc37273124][bookmark: _Toc45886212][bookmark: _Toc53183291][bookmark: _Toc58916000]8.3.1.4.1	Initial conditions
Test environment:	Normal, see annex B.2.
[bookmark: _Toc21102970]RF channels to be tested:	single carrier  M; see clause 4.9.1.
Direction to be tested:	OTA REFSENS receiver target reference direction (see D.54 in table 4.6-1).
[bookmark: _Toc29810819][bookmark: _Toc36636179][bookmark: _Toc37273125][bookmark: _Toc45886213][bookmark: _Toc53183292][bookmark: _Toc58916001]8.3.1.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20] and according to additional test parameters listed in table 8.3.1.4.2-1.
Table 8.3.1.4.2-1: Test parameters
	Parameter
	IAB type 1-O
	IAB type 2-O

	number of UCI information bits
	1
	1

	Number of PRBs
	1
	1

	First PRB prior to frequency hopping
	0
	0

	Intra-slot frequency hopping
	N/A for 1 symbol
Enabled for 2 symbols
	N/A for 1 symbol
Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (number of PRBs – 1)
	The largest PRB index – (number of PRBs – 1)

	Group and sequence hopping
	neither
	neither

	Hopping ID
	0
	0

	Initial cyclic shift
	0
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols
	13 for 1 symbol
12 for 2 symbols



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.2.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.1.5.1 and 8.3.1.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the BS 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 8.3.1.4.2-2.
Table 8.3.1.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15 
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 - ΔOTAREFSENS dBm / 9.36 MHz 

	
	
	20
	-77.2 - ΔOTAREFSENS dBm / 19.08 MHz 

	
	30 
	10
	-80.6 - ΔOTAREFSENS dBm / 8.64 MHz 

	
	
	20
	-77.4 - ΔOTAREFSENS dBm / 18.36 MHz 

	
	
	40
	-74.2 - ΔOTAREFSENS dBm / 38.16 MHz 

	
	
	100
	-70.1 - ΔOTAREFSENS dBm / 98.28 MHz 

	IAB type 2-O
	60 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	120 
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 190.08 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1 since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.1.4.2-1. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs.


Figure 8.3.1.4.2-1: Test signal pattern for single user PUCCH format 0 demodulation tests

[bookmark: _Toc21102971][bookmark: _Toc29810820][bookmark: _Toc36636180][bookmark: _Toc37273126][bookmark: _Toc45886214][bookmark: _Toc53183293][bookmark: _Toc58916002]8.3.1.5	Test Requirement
[bookmark: _Toc21102972][bookmark: _Toc29810821][bookmark: _Toc36636181][bookmark: _Toc37273127][bookmark: _Toc45886215][bookmark: _Toc53183294][bookmark: _Toc58916003]8.3.1.5.1	Test requirement for IAB 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 8.3.1.5.1-1 and in table 8.3.1.5.1-2.
Table 8.3.1.5.1-1: Test requirements for PUCCH format 0 and 15 kHz SCS
	Number
	Number of
	Propagation conditions and
	Number of
	Channel bandwidth / SNR (dB)

	of TX antennas
	demodulation branches
	correlation matrix (annex J)
	OFDM symbols
	5 MHz
	10 MHz
	20 MHz

	1
	2
	TDLC300-100 Low
	1
	10.0
	9.4
	9.9

	
	
	
	2
	3.4
	4.3
	3.9



Table 8.3.1.5.1-2: Test requirements for PUCCH format 0 and 30 kHz SCS
	Number
	Number of
	Propagation conditions
	Number
	Channel bandwidth / SNR (dB)

	of TX antennas
	demodulation branches
	and correlation matrix (annex J)
	of OFDM symbols
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	TDLC300-100 Low
	1
	10.4
	10.4
	10.1
	9.8

	
	
	
	2
	4.8
	4.2
	4.4
	4.1



[bookmark: _Toc21102973][bookmark: _Toc29810822][bookmark: _Toc36636182][bookmark: _Toc37273128][bookmark: _Toc45886216][bookmark: _Toc53183295][bookmark: _Toc58916004]8.3.1.5.2	Test requirement for IAB 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 8.3.1.5.2-1 and in table 8.3.1.5.2-2.
Table 8.3.1.5.2-1: Test requirements for PUCCH format 0 and 60 kHz SCS
	Number of TX
	Number of demodulation
	Propagation conditions and correlation matrix (annex J)
	Number of OFDM
	Channel bandwidth / SNR (dB)

	antennas
	branches
	
	symbols
	50 MHz
	100 MHz

	1
	2
	TDLA30-300 Low
	1
	9.9
	9.6

	
	
	
	2
	4.8
	4.6



Table 8.3.1.5.2-2: Test requirements for PUCCH format 0 and 120 kHz SCS
	Number of TX
	Number of demodulation
	Propagation conditions and correlation matrix (annex J)
	Number of OFDM
	Channel bandwidth / SNR (dB)

	antennas
	branches
	
	symbols
	50 MHz
	100 MHz
	200 MHz

	1
	2
	TDLA30-300 Low
	1
	10.1
	9.8
	10.3

	
	
	
	2
	4.7
	4.4
	4.6



[bookmark: _Toc21102974][bookmark: _Toc29810823][bookmark: _Toc36636183][bookmark: _Toc37273129][bookmark: _Toc45886217][bookmark: _Toc53183296][bookmark: _Toc58916005]8.3.2	Performance requirements for PUCCH format 1
[bookmark: _Toc21102975][bookmark: _Toc29810824][bookmark: _Toc36636184][bookmark: _Toc37273130][bookmark: _Toc45886218][bookmark: _Toc53183297][bookmark: _Toc58916006]8.3.2.1	NACK to ACK detection
[bookmark: _Toc21102976][bookmark: _Toc29810825][bookmark: _Toc36636185][bookmark: _Toc37273131][bookmark: _Toc45886219][bookmark: _Toc53183298][bookmark: _Toc58916007]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 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 bit is counted as one error. Erroneously detected NACK bits in 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 38.101-1 [24] and TS 38.101-2 [25] 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 IAB-DU is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21102977][bookmark: _Toc29810826][bookmark: _Toc36636186][bookmark: _Toc37273132][bookmark: _Toc45886220][bookmark: _Toc53183299][bookmark: _Toc58916008]8.3.2.1.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174  [x], clause 11.3.1.3.
For IAB type 2-O, the minimum requirement is in TS 38.174  [x], clause 11.3.2.3.
[bookmark: _Toc21102978][bookmark: _Toc29810827][bookmark: _Toc36636187][bookmark: _Toc37273133][bookmark: _Toc45886221][bookmark: _Toc53183300][bookmark: _Toc58916009]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.
[bookmark: _Toc21102979][bookmark: _Toc29810828][bookmark: _Toc36636188][bookmark: _Toc37273134][bookmark: _Toc45886222][bookmark: _Toc53183301][bookmark: _Toc58916010]8.3.2.1.4	Method of test
[bookmark: _Toc21102980][bookmark: _Toc29810829][bookmark: _Toc36636189][bookmark: _Toc37273135][bookmark: _Toc45886223]8.3.2.1.4.1	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.54 in table 4.6-1).
[bookmark: _Toc21102981][bookmark: _Toc29810830][bookmark: _Toc36636190][bookmark: _Toc37273136][bookmark: _Toc45886224]8.3.2.1.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.2.1.4.2-1.
Table 8.3.2.1.4.2-1: Test parameters
	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



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.2.1.5.1 and 8.3.2.1.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.3.2.1.4.2-2.
Table 8.3.2.1.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Subcarrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15 kHz
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 – ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-77.2 – ΔOTAREFSENS dBm / 19.08 MHz

	
	30 kHz
	10
	-80.6 – ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-77.4 – ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-74.2 – ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-70.1 – ΔOTAREFSENS dBm / 98.28 MHz

	IAB type 2-O
	60 kHz
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 190.08 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



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.
[bookmark: _Toc21102982][bookmark: _Toc29810831][bookmark: _Toc36636191][bookmark: _Toc37273137][bookmark: _Toc45886225][bookmark: _Toc53183302][bookmark: _Toc58916011]8.3.2.1.5	Test Requirement
[bookmark: _Toc21102983][bookmark: _Toc29810832][bookmark: _Toc36636192][bookmark: _Toc37273138][bookmark: _Toc45886226]8.3.2.1.5.1	Test Requirement for IAB 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 in tables 8.3.2.1.5.1-1 and table 8.3.2.1.5.1-2.
Table 8.3.2.1.5.1-1: Required SNR for PUCCH format 1 with 15 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	-3.2
	-3.0
	-3.0



Table 8.3.2.1.5.1-2: Required SNR for PUCCH format 1 with 30 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	-2.2
	-2.7
	-3.3
	-2.9



[bookmark: _Toc21102984][bookmark: _Toc29810833][bookmark: _Toc36636193][bookmark: _Toc37273139][bookmark: _Toc45886227]8.3.2.1.5.2	Test Requirement for IAB type 2-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 in tables 8.3.2.1.5.2-1 and table 8.3.2.1.5.2-2.
Table 8.3.2.1.5.2-1: Required SNR for PUCCH format 1 with 60 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	-0.6
	-3.6



Table 8.3.2.1.5.2-2: Required SNR for PUCCH format 1 with 120 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	-3.3
	-3.3
	-2.4



[bookmark: _Toc21102985][bookmark: _Toc29810834][bookmark: _Toc36636194][bookmark: _Toc37273140][bookmark: _Toc45886228][bookmark: _Toc53183303][bookmark: _Toc58916012]8.3.2.2	ACK missed detection
[bookmark: _Toc21102986][bookmark: _Toc29810835][bookmark: _Toc36636195][bookmark: _Toc37273141][bookmark: _Toc45886229][bookmark: _Toc53183304][bookmark: _Toc58916013]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 38.101-1 [24] and TS 38.101-2 [25] 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 IAB-DU is based on the test applicability rules defined in clause 8.1.2.
[bookmark: _Toc21102987][bookmark: _Toc29810836][bookmark: _Toc36636196][bookmark: _Toc37273142][bookmark: _Toc45886230][bookmark: _Toc53183305][bookmark: _Toc58916014]8.3.2.2.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x], clause 11.3.1.3.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x], clause 11.3.2.3.
[bookmark: _Toc21102988][bookmark: _Toc29810837][bookmark: _Toc36636197][bookmark: _Toc37273143][bookmark: _Toc45886231][bookmark: _Toc53183306][bookmark: _Toc58916015]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 a given SNR.
[bookmark: _Toc21102989][bookmark: _Toc29810838][bookmark: _Toc36636198][bookmark: _Toc37273144][bookmark: _Toc45886232][bookmark: _Toc53183307][bookmark: _Toc58916016]8.3.2.2.4	Method of test
[bookmark: _Toc21102990][bookmark: _Toc29810839][bookmark: _Toc36636199][bookmark: _Toc37273145][bookmark: _Toc45886233]8.3.2.2.4.1	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.54 in table 4.6-1).
[bookmark: _Toc21102991][bookmark: _Toc29810840][bookmark: _Toc36636200][bookmark: _Toc37273146][bookmark: _Toc45886234]8.3.2.2.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.2.2.4.2-1.
Table 8.3.2.2.4.2-1: Test Parameters
	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



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.2.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.2.2.5.1 and 8.3.2.2.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.3.2.2.4.2-2.
Table 8.3.2.2.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Subcarrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15 kHz
	5
	-83.5 – ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 – ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-77.2 – ΔOTAREFSENS dBm / 19.08 MHz

	
	30 kHz
	10
	-80.6 – ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-77.4 – ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-74.2 – ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-70.1 – ΔOTAREFSENS dBm / 98.28 MHz

	IAB type 2-O
	60 kHz
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 47.52 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	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 8.3.2.1.4.2 for NACK to ACK detection. Both statistics are measured in the same testing.
Figure 8.3.2.2.4.2-1: Void	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Delete voids?
Or keep them for partial numbering alignment with the BS demod specification?
[bookmark: _Toc21102992][bookmark: _Toc29810841][bookmark: _Toc36636201][bookmark: _Toc37273147][bookmark: _Toc45886235][bookmark: _Toc53183308][bookmark: _Toc58916017]8.3.2.2.5	Test Requirement
[bookmark: _Toc21102993][bookmark: _Toc29810842][bookmark: _Toc36636202][bookmark: _Toc37273148][bookmark: _Toc45886236]8.3.2.2.5.1	Test Requirement for IAB type 1-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 8.3.2.2.5-1 and table 8.3.2.2.5-2.
Table 8.3.2.2.5.1-1: Required SNR for PUCCH format 1 with 15 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	-4.4
	-3.8
	-4.4



Table 8.3.2.2.5.1-2: Required SNR for PUCCH format 1 with 30 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	-3.3
	-3.8
	-3.8
	-3.6



[bookmark: _Toc21102994][bookmark: _Toc29810843][bookmark: _Toc36636203][bookmark: _Toc37273149][bookmark: _Toc45886237]8.3.2.2.5.2	Test Requirement for IAB 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 8.3.2.2.5.2-1 and table 8.3.2.2.5.2-2.
Table 8.3.2.2.5.2-1: Required SNR for PUCCH format 1 with 60 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	-3.3
	-3.6



Table 8.3.2.2.5.2-2: Required SNR for PUCCH format 1 with 120 kHz SCS
	Number of TX
	Number of Demodulation
	Cyclic Prefix
	Propagation conditions and
	Channel bandwidth / SNR (dB)

	antennas
	Branches
	
	correlation matrix (annex J)
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	-4.1
	-4.0
	-4.0



[bookmark: _Toc21102995][bookmark: _Toc29810844][bookmark: _Toc36636204][bookmark: _Toc37273150][bookmark: _Toc45886238][bookmark: _Toc53183309][bookmark: _Toc58916018]8.3.3	Performance requirements for PUCCH format 2
[bookmark: _Toc21102996][bookmark: _Toc29810845][bookmark: _Toc36636205][bookmark: _Toc37273151][bookmark: _Toc45886239][bookmark: _Toc53183310][bookmark: _Toc58916019]8.3.3.1	ACK missed detection performance requirements
[bookmark: _Toc21102997][bookmark: _Toc29810846][bookmark: _Toc36636206][bookmark: _Toc37273152][bookmark: _Toc45886240][bookmark: _Toc53183311][bookmark: _Toc58916020]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 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 is only noise.
The probability of detection of ACK is defined as probability of detection of the ACK when the signal is present.
[bookmark: _Toc21102998]Which specific test(s) are applicable to IAB-DU is based on the test applicability rules defined in clause 8.1.2.
The transient period as specified in TS 38.101-1 [24] and TS 38.101-2 [25] 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.
[bookmark: _Toc29810847][bookmark: _Toc36636207][bookmark: _Toc37273153][bookmark: _Toc45886241][bookmark: _Toc53183312][bookmark: _Toc58916021]8.3.3.1.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x] clause 11.3.1.4.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x] clause 11.3.2.4.
[bookmark: _Toc21102999][bookmark: _Toc29810848][bookmark: _Toc36636208][bookmark: _Toc37273154][bookmark: _Toc45886242][bookmark: _Toc53183313][bookmark: _Toc58916022]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 a given SNR.
[bookmark: _Toc21103000][bookmark: _Toc29810849][bookmark: _Toc36636209][bookmark: _Toc37273155][bookmark: _Toc45886243][bookmark: _Toc53183314][bookmark: _Toc58916023]8.3.3.1.4	Method of test
[bookmark: _Toc21103001][bookmark: _Toc29810850][bookmark: _Toc36636210][bookmark: _Toc37273156][bookmark: _Toc45886244]8.3.3.1.4.1	Initial conditions
Test environment:	Normal, see clause B.2.
[bookmark: _Toc21103002]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.54 in table.4.6-1).
[bookmark: _Toc29810851][bookmark: _Toc36636211][bookmark: _Toc37273157][bookmark: _Toc45886245]8.3.3.1.4.2	Procedure
[bookmark: _MON_1283843391]1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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 one polarization of the test antenna(s).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.3.1.4.2-1.
Table 8.3.3.1.4.2-1: Test parameters
	Parameter
	Value

	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 bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.3.1.5.1 and 8.3.3.1.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.3.3.1.4.2-2.
Table 8.3.3.1.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Sub-carrier spacing
(kHz)
	Channel bandwidth
(MHz)
	AWGN power level

	IAB type 1-O
	15 kHz
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-77.2 -ΔOTAREFSENS dBm / 19.08 MHz

	
	30 kHz
	10
	-80.6 - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-77.4 - ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-74.2 - ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-70.1 - ΔOTAREFSENS dBm / 98.28 MHz

	IAB type 2-O
	60 kHz
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	120 kHz
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 190.08 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as declared in clause 7.1, since the OTA REFSENS receiver target reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	The signal generator sends a test pattern with pattern outlined in figure 8.3.3.1.4.2-1. The following statistics are kept: the number of ACK bits detected in the idle periods and the number of missed ACKs.


Figure 8.3.3.1.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests
[bookmark: _Toc21103003][bookmark: _Toc29810852][bookmark: _Toc36636212][bookmark: _Toc37273158][bookmark: _Toc45886246][bookmark: _Toc53183315][bookmark: _Toc58916024]8.3.3.1.5	Test requirement
[bookmark: _Toc21103004][bookmark: _Toc29810853][bookmark: _Toc36636213][bookmark: _Toc37273159][bookmark: _Toc45886247]8.3.3.1.5.1	Requirements for IAB 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 8.3.3.1.5.1-1 and table 8.3.3.1.5.1-2.
Table 8.3.3.1.5.1-1: Required SNR for PUCCH format 2 with 15 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	6.4
	6.2
	6.5



Table 8.3.3.1.5.1-2: Required SNR for PUCCH format 2 with 30 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth/ SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	10MHz
	20MHz
	40MHz
	100MHz

	1
	2
	Normal
	TDLC300-100 Low
	6.1
	6.2
	6.1
	6.3



[bookmark: _Toc21103005][bookmark: _Toc29810854][bookmark: _Toc36636214][bookmark: _Toc37273160][bookmark: _Toc45886248]8.3.3.1.5.2	Requirements for IAB 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 8.3.3.1.5.2-1 and table 8.3.3.1.5.2.-2
Table 8.3.3.1.5.2-1: Required SNR for PUCCH format 2 with 60 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	7.3
	7.8



Table 8.3.3.1.5.2-2: Required SNR for PUCCH format 2 with 120 kHz SCS
	[bookmark: _Hlk528925209]Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	7.2
	6.9
	7.2



[bookmark: _Toc21103006][bookmark: _Toc29810855][bookmark: _Toc36636215][bookmark: _Toc37273161][bookmark: _Toc45886249][bookmark: _Toc53183316][bookmark: _Toc58916025]8.3.3.2	UCI BLER performance requirements
[bookmark: _Toc21103007][bookmark: _Toc29810856][bookmark: _Toc36636216][bookmark: _Toc37273162][bookmark: _Toc45886250][bookmark: _Toc53183317][bookmark: _Toc58916026]8.3.3.2.1	Definition and applicability
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 2.
Which specific test(s) are applicable to IAB-DU is based on the test applicability rules defined in clause 8.1.2.
[bookmark: OLE_LINK14]The transient period as specified in TS 38.101-1 [24] and TS 38.101-2 [25] 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.
[bookmark: _Toc21103008][bookmark: _Toc29810857][bookmark: _Toc36636217][bookmark: _Toc37273163][bookmark: _Toc45886251][bookmark: _Toc53183318][bookmark: _Toc58916027]8.3.3.2.2	Minimum Requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x] clause 11.3.1.4.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x] clause 11.3.2.4.
[bookmark: _Toc21103009][bookmark: _Toc29810858][bookmark: _Toc36636218][bookmark: _Toc37273164][bookmark: _Toc45886252][bookmark: _Toc53183319][bookmark: _Toc58916028]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.
[bookmark: _Toc21103010][bookmark: _Toc29810859][bookmark: _Toc36636219][bookmark: _Toc37273165][bookmark: _Toc45886253][bookmark: _Toc53183320][bookmark: _Toc58916029]8.3.3.2.4	Method of test
[bookmark: _Toc21103011][bookmark: _Toc29810860][bookmark: _Toc36636220][bookmark: _Toc37273166][bookmark: _Toc45886254]8.3.3.2.4.1	Initial conditions
Test environment:	Normal, see clause B.2.
[bookmark: _Toc21103012]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.54 in table 4.6-1).
[bookmark: _Toc29810861][bookmark: _Toc36636221][bookmark: _Toc37273167][bookmark: _Toc45886255]8.3.3.2.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to a test antenna via a combining network in OTA test setup, as shown in annex E.3. 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 [20], and according to additional test parameters listed in table 8.3.3.2.4.2-1.
Table 8.3.3.2.4.2-1: Test parameters
	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)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.3.2.5.1 and 8.3.3.2.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.3.3.2.4.2-2.
Table 8.3.3.2.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Sub-carrier spacing
(kHz)
	Channel bandwidth
(MHz)
	AWGN power level

	IAB type 1-O
	15 kHz
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 - ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-77.2 -ΔOTAREFSENS dBm / 19.08 MHz

	
	30 kHz
	10
	-80.6 - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-77.4 - ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-74.2 - ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-70.1 - ΔOTAREFSENS dBm / 98.28 MHz

	IAB type 2-O
	60 kHz
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	120 kHz
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz 

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz 

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 190.08 MHz 

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as declared in clause 7.1.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	The signal generator sends a test 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.


Figure 8.3.3.2.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests
[bookmark: _Toc21103013][bookmark: _Toc29810862][bookmark: _Toc36636222][bookmark: _Toc37273168][bookmark: _Toc45886256][bookmark: _Toc53183321][bookmark: _Toc58916030]8.3.3.2.5	Test requirement
[bookmark: _Toc21103014][bookmark: _Toc29810863][bookmark: _Toc36636223][bookmark: _Toc37273169][bookmark: _Toc45886257]8.3.3.2.5.1	Requirements for IAB type 1-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.3.2.5.1-1 and table 8.3.3.2.5.1-2.
Table 8.3.3.2.5.1-1: Required SNR for PUCCH format 2 with 15 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	0.8
	1.4
	1.8



Table 8.3.3.2.5.1-2: Required SNR for PUCCH format 2 with 30 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth/ SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	10MHz
	20MHz
	40MHz
	100MHz

	1
	2
	Normal
	TDLC300-100 Low
	1.1
	1.7
	1.0
	0.9



[bookmark: _Toc21103015][bookmark: _Toc29810864][bookmark: _Toc36636224][bookmark: _Toc37273170][bookmark: _Toc45886258]8.3.3.2.5.2	Requirements for IAB type 2-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.3.2.5.2-1 and table 8.3.3.2.5.2-2.
Table 8.3.3.2.5.2-1: Required SNR for PUCCH format 2 with 60 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	3.2
	1.7



Table 8.3.3.2.5.2-2: Required SNR for PUCCH format 2 with 120 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	1.8
	1.8
	1.7



[bookmark: _Toc21103016][bookmark: _Toc29810865][bookmark: _Toc36636225][bookmark: _Toc37273171][bookmark: _Toc45886259][bookmark: _Toc53183322][bookmark: _Toc58916031]8.3.4	Performance requirements for PUCCH format 3
[bookmark: _Toc21103017][bookmark: _Toc29810866][bookmark: _Toc36636226][bookmark: _Toc37273172][bookmark: _Toc45886260][bookmark: _Toc53183323][bookmark: _Toc58916032]8.3.4.1	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 38.101-1 [24] clause 6.3.3.1 and TS 38.101-2 [25] 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 IAB-DU is based on the test applicability rules defined in clause 8.1.2.2.
[bookmark: _Toc21103018][bookmark: _Toc29810867][bookmark: _Toc36636227][bookmark: _Toc37273173][bookmark: _Toc45886261][bookmark: _Toc53183324][bookmark: _Toc58916033]8.3.4.2	Minimum requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x], clause 11.3.1.5.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x], clause 11.3.2.5.
[bookmark: _Toc21103019][bookmark: _Toc29810868][bookmark: _Toc36636228][bookmark: _Toc37273174][bookmark: _Toc45886262][bookmark: _Toc53183325][bookmark: _Toc58916034]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.
[bookmark: _Toc21103020][bookmark: _Toc29810869][bookmark: _Toc36636229][bookmark: _Toc37273175][bookmark: _Toc45886263][bookmark: _Toc53183326][bookmark: _Toc58916035]8.3.4.4	Method of test
[bookmark: _Toc21103021][bookmark: _Toc29810870][bookmark: _Toc36636230][bookmark: _Toc37273176][bookmark: _Toc45886264][bookmark: _Toc53183327][bookmark: _Toc58916036]8.3.4.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21103022]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.54 in table 4.6-1).
[bookmark: _Toc29810871][bookmark: _Toc36636231][bookmark: _Toc37273177][bookmark: _Toc45886265][bookmark: _Toc53183328][bookmark: _Toc58916037]8.3.4.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.4.4.2-1.
Table 8.3.4.4.2-1: Test parameters
	Parameter
	Test 1
	Test 2

	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
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.4.5.1 and 8.3.4.5.2 for IAB type 1-O and IAB type 2-O respectively, and the SNR at the IAB-DU 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 in table 8.3.4.4.2-2.
Table 8.3.4.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Subcarrier spacing
(kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5MHz

	
	
	10
	-80.3 - ΔOTAREFSENS dBm / 9.36MHz

	
	
	20
	-77.2 - ΔOTAREFSENS dBm / 19.08MHz

	
	30
	10
	-80.6 - ΔOTAREFSENS dBm / 8.64MHz

	
	
	20
	-77.4 - ΔOTAREFSENS dBm / 18.36MHz

	
	
	40
	-74.2 - ΔOTAREFSENS dBm / 38.16MHz

	
	
	100
	-70.1 - ΔOTAREFSENS dBm / 98.28MHz

	IAB type 2-O
	60
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm/ 47.52MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm/ 95.04 MHz

	
	120
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm/ 46.08 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm/ 95.04 MHz

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm/ 190.08 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS receiver target reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



[bookmark: _Toc21103023][bookmark: _Toc29810872][bookmark: _Toc36636232][bookmark: _Toc37273178][bookmark: _Toc45886266][bookmark: _Toc53183329][bookmark: _Toc58916038]8.3.4.5	Test requirement
[bookmark: _Toc21103024][bookmark: _Toc29810873][bookmark: _Toc36636233][bookmark: _Toc37273179][bookmark: _Toc45886267][bookmark: _Toc53183330][bookmark: _Toc58916039]8.3.4.5.1	Test requirement for IAB type 1-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.4.5.1-1 and table 8.3.4.5.1-2.
Table 8.3.4.5.1-1: Required SNR for PUCCH format 3 with 15 kHz SCS
	Test Number
	Number of TX
	Number of
	Cyclic Prefix
	Propagation conditions
	Additional DM-RS
	Channel bandwidth / SNR (dB)

	
	antennas
	demodulation branches
	
	and correlation matrix (annex J)
	configuration
	5 MHz
	10 MHz
	20 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	0.8
	1.7
	0.9

	
	
	
	
	
	Additional DM-RS
	0.5
	1.1
	0.5

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	2.0
	2.8
	2.6



Table 8.3.4.5.1-2: Required SNR for PUCCH format 3 with 30 kHz SCS
	Test Number
	Number of TX
	Number of
	Cyclic Prefix
	Propagation conditions
	Additional DM-RS
	Channel bandwidth / SNR (dB)

	
	antennas
	demodulation branches
	
	and correlation matrix (annex J)
	configuration
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	1.5
	1.2
	1.2
	1.5

	
	
	
	
	
	Additional DM-RS
	1.1
	0.9
	0.6
	0.7

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	2.4
	2.6
	2.6
	2.1



[bookmark: _Toc21103025][bookmark: _Toc29810874][bookmark: _Toc36636234][bookmark: _Toc37273180][bookmark: _Toc45886268][bookmark: _Toc53183331][bookmark: _Toc58916040]8.3.4.5.2	Test requirement for IAB type 2-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.4.5.2-1 and table 8.3.4.5.2-2.
Table 8.3.4.5.2-1: Required SNR for PUCCH format 3 with 60 kHz SCS
	Test Number
	Number of TX
	Number of
	Cyclic Prefix
	Propagation conditions
	Additional DM-RS
	Channel bandwidth / SNR (dB)

	
	antennas
	demodulation branches
	
	and correlation matrix (annex J)
	configuration
	50 MHz
	100 MHz

	1
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	2.2
	1.3

	
	
	
	
	
	Additional DM-RS
	1.9
	1.5

	2
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	3.6
	3.0



Table 8.3.4.5.2-2: Required SNR for PUCCH format 3 with 120 kHz SCS
	Test
	Number
	Number of
	Cyclic
	Propagation
	Additional
	Channel bandwidth / SNR (dB)

	Number
	of TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	DM-RS configuration
	50 MHz
	100 MHz
	200 MHz


	1
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	2.0
	1.3
	1.3

	
	
	
	
	
	Additional DM-RS
	1.9
	2.0
	1.5

	2
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	1.7
	3.5
	2.0



[bookmark: _Toc21103026][bookmark: _Toc29810875][bookmark: _Toc36636235][bookmark: _Toc37273181][bookmark: _Toc45886269][bookmark: _Toc53183332][bookmark: _Toc58916041]8.3.5	Performance requirements for PUCCH format 4
[bookmark: _Toc21103027][bookmark: _Toc29810876][bookmark: _Toc36636236][bookmark: _Toc37273182][bookmark: _Toc45886270][bookmark: _Toc53183333][bookmark: _Toc58916042]8.3.5.1	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 38.101-1 [24] and TS 38.101-2 [25] 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 IAB-DU is based on the test applicability rules defined in clause 8.1.2.2.
[bookmark: _Toc21103028][bookmark: _Toc29810877][bookmark: _Toc36636237][bookmark: _Toc37273183][bookmark: _Toc45886271][bookmark: _Toc53183334][bookmark: _Toc58916043]8.3.5.2	Minimum requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x], clause 11.3.1.6.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x], clause 11.3.2.6.
[bookmark: _Toc21103029][bookmark: _Toc29810878][bookmark: _Toc36636238][bookmark: _Toc37273184][bookmark: _Toc45886272][bookmark: _Toc53183335][bookmark: _Toc58916044]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.
[bookmark: _Toc21103030][bookmark: _Toc29810879][bookmark: _Toc36636239][bookmark: _Toc37273185][bookmark: _Toc45886273][bookmark: _Toc53183336][bookmark: _Toc58916045]8.3.5.4	Method of test
[bookmark: _Toc21103031][bookmark: _Toc29810880][bookmark: _Toc36636240][bookmark: _Toc37273186][bookmark: _Toc45886274][bookmark: _Toc53183337][bookmark: _Toc58916046]8.3.5.4.1	Initial conditions
Test environment: Normal; see annex B.2.
[bookmark: _Toc21103032]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.54 in table 4.6-1).
[bookmark: _Toc29810881][bookmark: _Toc36636241][bookmark: _Toc37273187][bookmark: _Toc45886275][bookmark: _Toc53183338][bookmark: _Toc58916047]8.3.5.4.2	Procedure
1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.4.4.2-1.
Table 8.3.5.4.2-1: Test parameters
	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



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the IAB-DU receiver is as specified in clause 8.3.5.5.1 and 8.3.5.5.2 for IAB type 1-O and IAB type 2-O respectively, and that the SNR at the IAB-DU 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 in table 8.3.5.4.2-2.
Table 8.3.5.4.2-2: AWGN power level at the IAB-DU input
	IAB type
	Subcarrier spacing
(kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5MHz

	
	
	10
	-80.3 - ΔOTAREFSENS dBm / 9.36MHz

	
	
	20
	-77.2 - ΔOTAREFSENS dBm / 19.08MHz

	
	30
	10
	-80.6 - ΔOTAREFSENS dBm / 8.64MHz

	
	
	20
	-77.4 - ΔOTAREFSENS dBm / 18.36MHz

	
	
	40
	-74.2 - ΔOTAREFSENS dBm / 38.16MHz

	
	
	100
	-70.1 - ΔOTAREFSENS dBm / 98.28MHz

	IAB type 2-O
	60
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm/ 47.52 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm/ 95.04 MHz

	
	120
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm/ 46.08 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm/ 95.04 MHz

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm/ 190.08 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS receiver target reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



[bookmark: _Toc21103033][bookmark: _Toc29810882][bookmark: _Toc36636242][bookmark: _Toc37273188][bookmark: _Toc45886276][bookmark: _Toc53183339][bookmark: _Toc58916048]8.3.5.5	Test requirement
[bookmark: _Toc21103034][bookmark: _Toc29810883][bookmark: _Toc36636243][bookmark: _Toc37273189][bookmark: _Toc45886277][bookmark: _Toc53183340][bookmark: _Toc58916049]8.3.5.5.1	Test requirement for IAB type 1-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.5.5.1-1 and table 8.3.5.5.1-2.
Table 8.3.5.5.1-1: Required SNR for PUCCH format 4 with 15 kHz SCS
	Number of TX antennas
	Number of demodulation
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Additional DM‑RS
	Channel bandwidth / SNR (dB)

	
	branches
	
	(annex J)
	configuration
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	2.4
	3.2
	2.8

	
	
	
	
	Additional DM‑RS
	2.2
	3.0
	2.4



Table 8.3.5.5.1-2: Required SNR for PUCCH format 4 with 30 kHz SCS
	Number of
	Number of
	Cyclic
	Propagation
	Additional
	Channel bandwidth / SNR (dB)

	TX antennas
	demodulation branches
	Prefix
	conditions and correlation matrix (annex J)
	DM‑RS configuration
	10
MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	3.7
	3.4
	3.7
	3.4

	
	
	
	
	Additional DM‑RS
	3.4
	2.9
	3.7
	2.8



[bookmark: _Toc21103035][bookmark: _Toc29810884][bookmark: _Toc36636244][bookmark: _Toc37273190][bookmark: _Toc45886278][bookmark: _Toc53183341][bookmark: _Toc58916050]8.3.5.5.2	Test requirement for IAB type 2-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.5.5.2-1 and table 8.3.5.5.2-2.
Table 8.3.5.5.2-1: Required SNR for PUCCH format 4 with 60 kHz SCS
	Number of TX antennas
	Number of demodulation
	Cyclic Prefix
	Propagation conditions and
	Additional DM‑RS configuration
	Channel bandwidth / SNR (dB)

	
	branches
	
	correlation matrix (annex J)
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	3.6
	3.3

	
	
	
	
	Additional DM-RS
	3.7
	4.1



Table 8.3.5.5.2-2: Required SNR for PUCCH format 4 with 120 kHz SCS
	Number of TX
	Number of demodulation
	Cyclic Prefix
	Propagation conditions and
	Additional DM‑RS configuration
	Channel bandwidth / SNR (dB)

	antennas
	branches
	
	correlation matrix (annex J)
	
	50 MHz
	100 MHz
	200MHz

	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	3.4
	3.4
	4.1

	
	
	
	
	Additional DM-RS
	4.2
	4.4
	3.8



[bookmark: _Toc21103036][bookmark: _Toc29810885][bookmark: _Toc36636245][bookmark: _Toc37273191][bookmark: _Toc45886279][bookmark: _Toc53183342][bookmark: _Toc58916051]8.3.6	Performance requirements for multi-slot PUCCH format	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Multi-slot
Option 1: Include multi-slot PUCCH cases and keep existing BS demodulation-based test applicability rule (“multi-slot PUCCH requirement tests shall apply only if the BS supports it”).
Option 2: Skip cases for multi-slot PUCCH.
[bookmark: _Toc21103037][bookmark: _Toc29810886][bookmark: _Toc36636246][bookmark: _Toc37273192][bookmark: _Toc45886280][bookmark: _Toc53183343][bookmark: _Toc58916052]8.3.6.1	Performance requirements for multi-slot PUCCH format 1
[bookmark: _Toc21103038][bookmark: _Toc29810887][bookmark: _Toc36636247][bookmark: _Toc37273193][bookmark: _Toc45886281][bookmark: _Toc53183344][bookmark: _Toc58916053]8.3.6.1.1	NACK to ACK detection
[bookmark: _Toc21103039][bookmark: _Toc29810888][bookmark: _Toc36636248][bookmark: _Toc37273194][bookmark: _Toc45886282]8.3.6.1.1.1	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 bit erroneously detected as ACK bit is counted as one error. Erroneously detected NACK bits in 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.
[bookmark: _Toc21103040]Which specific test(s) are applicable to BS is based on the test applicability rules defined in clause 8.1.2.2.
[bookmark: _Toc29810889][bookmark: _Toc36636249][bookmark: _Toc37273195][bookmark: _Toc45886283]8.3.6.1.1.2	Minimum Requirement
[bookmark: _Toc21103041]For BS type 1-O, the minimum requirement is in TS 38.104 [2], clause 11.3.1.7.
[bookmark: _Toc29810890][bookmark: _Toc36636250][bookmark: _Toc37273196][bookmark: _Toc45886284]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.
[bookmark: _Toc21103042][bookmark: _Toc29810891][bookmark: _Toc36636251][bookmark: _Toc37273197][bookmark: _Toc45886285]8.3.6.1.1.4	Method of test
[bookmark: _Toc21103043][bookmark: _Toc29810892][bookmark: _Toc36636252][bookmark: _Toc37273198][bookmark: _Toc45886286]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
Direction to be tested: OTA REFSENS receiver target reference direction (D.54).
[bookmark: _Toc21103044][bookmark: _Toc29810893][bookmark: _Toc36636253][bookmark: _Toc37273199][bookmark: _Toc45886287]8.3.6.1.1.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.6.1.1.4.2-1.
Table 8.3.6.1.1.4.2-1: 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 J.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.3.6.1.1.5.1 for BS type 1-O, and that the SNR at the BS 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 in table 8.3.6.1.1.4.2-2
Table 8.3.6.1.1.4.2-2: AWGN power level at the BS input
	BS type
	Subcarrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 1-O
	15 kHz
	5
	-83.5 – ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 – ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-77.2 – ΔOTAREFSENS dBm / 19.08 MHz

	
	30 kHz
	10
	-80.6 – ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-77.4 – ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-74.2 – ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-70.1 – ΔOTAREFSENS dBm / 98.28 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	Void.NOTE3:	Void.



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.
[bookmark: _Toc21103045][bookmark: _Toc29810894][bookmark: _Toc36636254][bookmark: _Toc37273200][bookmark: _Toc45886288]8.3.6.1.1.5	Test Requirement
[bookmark: _Toc21103046][bookmark: _Toc29810895][bookmark: _Toc36636255][bookmark: _Toc37273201][bookmark: _Toc45886289]8.3.6.1.1.5.1	Test Requirement for BS 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 in table 8.3.6.1.1.5.1-1.
Table 8.3.6.1.1.5.1-1: Required SNR for multi-slot PUCCH format 1 with 30 kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Channel bandwidth (MHz) / SNR (dB)

	antennas
	antennas
	
	(Annex G)
	40 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	-5.7



[bookmark: _Toc21103047][bookmark: _Toc29810896][bookmark: _Toc36636256][bookmark: _Toc37273202][bookmark: _Toc45886290]8.3.6.1.1.5.2	Void
[bookmark: _Toc21103048][bookmark: _Toc29810897][bookmark: _Toc36636257][bookmark: _Toc37273203][bookmark: _Toc45886291][bookmark: _Toc53183345][bookmark: _Toc58916054]8.3.6.1.2	ACK missed detection
[bookmark: _Toc21103049][bookmark: _Toc29810898][bookmark: _Toc36636258][bookmark: _Toc37273204][bookmark: _Toc45886292]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.
[bookmark: _Toc21103050][bookmark: _Toc29810899][bookmark: _Toc36636259][bookmark: _Toc37273205][bookmark: _Toc45886293]8.3.6.1.2.2	Minimum Requirement
[bookmark: _Toc21103051]For BS type 1-O, the minimum requirement is in TS 38.104 [2], clause 11.3.1.7.
[bookmark: _Toc29810900][bookmark: _Toc36636260][bookmark: _Toc37273206][bookmark: _Toc45886294]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.
[bookmark: _Toc21103052][bookmark: _Toc29810901][bookmark: _Toc36636261][bookmark: _Toc37273207][bookmark: _Toc45886295]8.3.6.1.2.4	Method of test
[bookmark: _Toc21103053][bookmark: _Toc29810902][bookmark: _Toc36636262][bookmark: _Toc37273208][bookmark: _Toc45886296]8.3.6.1.2.4.1	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.54).
[bookmark: _Toc21103054][bookmark: _Toc29810903][bookmark: _Toc36636263][bookmark: _Toc37273209][bookmark: _Toc45886297]8.3.6.1.2.4.2	Procedure
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to 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). (s).
5)	The characteristics of the wanted signal shall be configured according to TS 38.211 [20], and according to additional test parameters listed in table 8.3.6.1.2.4.2-1.
Table 8.3.6.1.2.4.2-1: 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 TBD.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in clause 8.3.6.1.2.5.1 for BS type 1-O, and that the SNR at the BS 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 in table 8.3.6.1.2.4.2-2.
Table 8.3.6.1.2.4.2-2: AWGN power level at the BS input
	BS type
	Subcarrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 1-O
	15 kHz
	5
	-83.5 – ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	-80.3 – ΔOTAREFSENS dBm / 9.36 MHz

	
	
	20
	-77.2 – ΔOTAREFSENS dBm / 19.08 MHz

	
	30 kHz
	10
	-80.6 – ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	-77.4 – ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	-74.2 – ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	-70.1 – ΔOTAREFSENS dBm / 98.28 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	Void.
NOTE 3:	Void. 



8)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.6.1.2.4.2-1. The following statistics are kept: the number of ACKs detected in the idle periods and the number of missed ACKs.


Figure 8.3.6.1.2.4.2-1: Test signal pattern for PUCCH format 1 demodulation tests
[bookmark: _Toc21103055][bookmark: _Toc29810904][bookmark: _Toc36636264][bookmark: _Toc37273210][bookmark: _Toc45886298]8.3.6.1.2.5	Test Requirement
[bookmark: _Toc21103056][bookmark: _Toc29810905][bookmark: _Toc36636265][bookmark: _Toc37273211][bookmark: _Toc45886299]8.3.6.1.2.5.1	Test Requirement for BS type 1-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 table 8.3.6.1.2.5.1-1.
Table 8.3.6.1.2.5.1-1: Required SNR for multi-slot PUCCH format 1 with 30 kHz SCS
	Number of TX
	Number of RX
	Cyclic Prefix
	Propagation conditions and correlation matrix
	Channel bandwidth (MHz) / SNR (dB)

	antennas
	antennas
	
	(Annex G)
	40 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	-7.0



[bookmark: _Toc21103057][bookmark: _Toc29810906][bookmark: _Toc36636266][bookmark: _Toc37273212][bookmark: _Toc45886300]8.3.6.1.2.5.2	Void

[bookmark: _Toc21103058][bookmark: _Toc29810907][bookmark: _Toc36636267][bookmark: _Toc37273213][bookmark: _Toc45886301][bookmark: _Toc53183346][bookmark: _Toc58916055]8.4	OTA performance requirements for PRACH	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Channel model
All existing channel models used in Rel-15 BS testing should be re-used, except for AWGN (i.e., fading case only).
[bookmark: _Toc21103059][bookmark: _Toc29810908][bookmark: _Toc36636268][bookmark: _Toc37273214][bookmark: _Toc45886302][bookmark: _Toc53183347][bookmark: _Toc58916056]8.4.1	PRACH false alarm probability and missed detection
[bookmark: _Toc21103060][bookmark: _Toc29810909][bookmark: _Toc36636269][bookmark: _Toc37273215][bookmark: _Toc45886303][bookmark: _Toc53183348][bookmark: _Toc58916057]8.4.1.1	Definition and applicability	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Formats to include in specification
Option 1: Keep only typical preamble formats selected by companies.
Option 2: Only keep requirements for PRACH formats that infrastructure manufacturers plan to implement/configure in IAB-nodes, but at least formats 0, A2, C0 and C2.
Option 3: Copy all requirements for all PRACH formats. Vendor can declare which ones are supported/tested.
Applicability rule for formats
Option 3: All existing requirements and applicability rules for PRACH should be re-used for IAB-DU and corresponding declaration on supporting of this feature should be defined. The following new one applicability rule should be added: 
“For IAB-DU declares to support more than one PRACH formats, limit the number of tests to any two cases chosen by the manufacturer. If IAB-DU declares to support more than one PRACH formats where formats for both long and short PRACH sequences are presented, require to chose formats with different sequences.”
Option 4: If a format is declared to be supported then it should be tested. It should of course be possible to not declare support for (and hence not test) formats.
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.
Pfa is 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, TDLC300-100 and TDLA30-300, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger 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, TDLC300-100 and TDLA30-300
	PRACH
	PRACH SCS
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLC300-100
	TDLA30-300

	0
	1.25
	1.04 us
	2.55 us
	N/A

	A1, A2, A3, B4, C0, C2
	15
	0.52 us
	2.03 us
	N/A

	
	30
	0.26 us
	1.77 us
	N/A

	
	60 (FR2)
	0.13 us
	N/A
	0.28 us

	
	120
	0.07 us
	N/A
	0.22 us



[bookmark: _Toc21103061][bookmark: _Toc29810910][bookmark: _Toc36636270]The test preambles for normal mode are listed in table A.6-1 and A.6-2.  The test preambles for high speed train restricted set type A are listed in table A.6-3 and the test preambles for high speed train restricted set type B are listed in table A.6-4. The test preambles for high speed train short formats are listed in table A.6-5.
Which specific test(s) are applicable to IAB-DU is based on the test applicability rules defined in clause 8.1.2. The performance requirements for high speed train (table 8.4.1.6.1-1 to 8.4.1.6.1-4) are optional.
[bookmark: _Toc37273216][bookmark: _Toc45886304][bookmark: _Toc53183349][bookmark: _Toc58916058]8.4.1.2	Minimum requirement
For IAB type 1-O, the minimum requirement is in TS 38.174 [x] clause 11.4.1.1 and 11.4.1.2.
For IAB type 2-O, the minimum requirement is in TS 38.174 [x] clause 11.4.2.1 and 11.4.2.2.
[bookmark: _Toc21103062][bookmark: _Toc29810911][bookmark: _Toc36636271][bookmark: _Toc37273217][bookmark: _Toc45886305][bookmark: _Toc53183350][bookmark: _Toc58916059]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.
[bookmark: _Toc21103063][bookmark: _Toc29810912][bookmark: _Toc36636272][bookmark: _Toc37273218][bookmark: _Toc45886306][bookmark: _Toc53183351][bookmark: _Toc58916060]8.4.1.4	Method of test
[bookmark: _Toc21103064][bookmark: _Toc29810913][bookmark: _Toc36636273][bookmark: _Toc37273219][bookmark: _Toc45886307][bookmark: _Toc53183352][bookmark: _Toc58916061]8.4.1.4.1	Initial conditions
Test environment:	Normal, see clause B.2.
[bookmark: _Toc21103065]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.54 in table 4.6-1).
[bookmark: _Toc29810914][bookmark: _Toc36636274][bookmark: _Toc37273220][bookmark: _Toc45886308][bookmark: _Toc53183353][bookmark: _Toc58916062]8.4.1.4.2	Procedure

1)	Place the IAB-DU with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in annex E.3.
2)	Align the manufacturer declared coordinate system orientation of the IAB-DU with the test system.
3)	Set the IAB-DU in the declared direction to be tested.
4)	Connect the IAB-DU tester generating the wanted signal, multipath fading simulators and AWGN generators to 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).
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 msg1-FrequencyStart is set to 0.
6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex J.
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 in table 8.4.1.4.2-1.
Table 8.4.1.4.2-1: AWGN power level at the IAB-DU input
	IAB type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	IAB type 1-O
	15
	5
	-83.5 - ΔOTAREFSENS dBm / 4.5MHz

	
	
	10
	-80.3 - ΔOTAREFSENS dBm / 9.36MHz

	
	
	20
	-77.2 - ΔOTAREFSENS dBm / 19.08MHz

	
	30
	10
	-80.6 - ΔOTAREFSENS dBm / 8.64MHz

	
	
	20
	-77.4 - ΔOTAREFSENS dBm / 18.36MHz

	
	
	40
	-74.2 - ΔOTAREFSENS dBm / 38.16MHz

	
	
	100
	-70.1 - ΔOTAREFSENS dBm / 98.28MHz

	IAB type 2-O
	60
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.52 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	
	120
	50
	EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz

	
	
	100
	EISREFSENS_50M + ΔFR2_REFSENS + 18 dBm / 95.04 MHz

	
	
	200
	EISREFSENS_50M + ΔFR2_REFSENS + 21 dBm / 190.08 MHz

	NOTE 1:	ΔOTAREFSENS as declared in D.53 in table 4.6-1 and clause 7.1.
NOTE 2:	ΔFR2_REFSENS = -3 dB as described in clause 7.1, since the OTA REFSENS receiver target reference direction (as declared in D.54 in table 4.6-1) is used for testing.
NOTE 3:	EISREFSENS_50M as declared in D.28 in table 4.6-1.



8)	Adjust the frequency offset of the test signal according to table 8.4.1.5.1-1 or 8.4.1.5.1-2 or 8.4.1.5.1-3  or 8.4.1.6.1-1 or 8.4.1.6.1-2 or 8.4.1.6.1-3 or 8.4.1.6.1-4 or 8.4.1.5.2-1 or 8.4.1.5.2-2.
9)	Adjust the equipment so that the SNR specified in table 8.4.1.5.1-1 or 8.4.1.5.1-2 or 8.4.1.5.1-3  or 8.4.1.6.1-1 or 8.4.1.6.1-2 or 8.4.1.6.1-3 or 8.4.1.6.1-4 or 8.4.1.5.2-1 or 8.4.1.5.2-2 is achieved at the IAB-DU input during the PRACH preambles.
10) The test signal generator sends a preamble and the receiver tries to detect the preamble. This pattern is repeated as illustrated 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.


Figure 8.4.1.4.2-1: PRACH preamble test pattern
The timing offset base value for PRACH preamble format 0 is set to 50% of Ncs. This offset is increased 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 is presented in Figure 8.4.1.4.2-2.


Figure 8.4.1.4.2-2: Timing offset scheme for PRACH preamble format 0
The timing offset base value for PRACH preamble format A1, A2, A3, B4, C0 and C2 is set to 0. This offset is increased within the loop, by adding in each step a value 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 A1, A2, A3, B4, C0 and C2 is presented in Figure 8.4.1.4.2-3.


Figure 8.4.1.4.2-3: Timing offset scheme for PRACH preamble format A1 A2, A3, B4, C0 and C2
[bookmark: _Toc21103066][bookmark: _Toc29810915][bookmark: _Toc36636275][bookmark: _Toc37273221][bookmark: _Toc45886309][bookmark: _Toc53183354][bookmark: _Toc58916063]8.4.1.5	Test requirement for Normal Mode
[bookmark: _Toc21103067][bookmark: _Toc29810916][bookmark: _Toc36636276][bookmark: _Toc37273222][bookmark: _Toc45886310][bookmark: _Toc53183355][bookmark: _Toc58916064]8.4.1.5.1	Test requirement for IAB type 1-O
Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in tables 8.4.1.5.1-1 to 8.4.1.5.1-3.
Table 8.4.1.5.1-1: PRACH missed detection test requirements for Normal Mode, 1.25 kHz SCS
	Number of TX
	Number of demodulation
	Propagation conditions and
	Frequency offset
	SNR (dB)

	antennas
	branches
	correlation matrix (annex J)
	
	Burst format 0

	1
	2
	AWGN
	0
	-14.2

	
	
	TDLC300-100 Low
	400 Hz 
	-6.0



Table 8.4.1.5.1-2: PRACH missed detection test requirements for Normal Mode, 15 kHz SCS
	Number
	Number of
	Propagation
	Frequency
	SNR (dB)

	of TX antennas
	demodulation branches
	conditions and correlation matrix (annex J)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-9.0
	-12.3
	-13.9
	-16.5
	-6.0
	-12.2

	
	
	TDLC300-100 Low
	400 Hz
	-1.5
	-4.2
	-6.0
	-8.2
	1.4
	-4.3



Table 8.4.1.5.1-3: PRACH missed detection test requirements for Normal Mode, 30 kHz SCS
	Number
	Number of
	Propagation
	Frequency
	SNR (dB)

	of TX antennas
	demodulation branches
	conditions and correlation matrix (annex J)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-8.8
	-11.7
	-13.5
	-16.2
	-5.8
	-11.6

	
	
	TDLC300-100 Low
	400 Hz
	-2.2
	-5.1
	-6.8
	-9.3
	0.7
	-5.0



Table 8.4.1.5.1-4: Void

Table 8.4.1.5.1-5: Void

[bookmark: _Toc45886311][bookmark: _Toc53183356][bookmark: _Toc58916065]8.4.1.6	Test requirement for high speed train	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Inclusion of Rel-16 HST requirements 
Do not include existing Rel-16 HST requirements (including UL TA).

[bookmark: _Toc45886312][bookmark: _Toc53183357][bookmark: _Toc58916066]8.4.1.6.1	Test requirement for BS type 1-O
Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in tables 8.4.1.6.1-1 to 8.4.1.6.1-4.
Table 8.4.1.6.1-1: PRACH missed detection requirements for high speed train, burst format 0, restricted set type A, 1.25 kHz SCS
	Number of TX antennas
	Number of demodulation
	Propagation conditions and correlation matrix (annex J)
	Frequency offset
	SNR (dB)

	
	branches
	
	
	Burst format 0

	1
	2
	AWGN
	625 Hz
	-11.7

	
	
	AWGN
	1340 Hz
	-13.5

	
	
	TDLC300-100 Low
	0 Hz
	[-5.8]



Table 8.4.1.6.1-2: PRACH missed detection requirements for high speed train, burst format 0, restricted set type B, 1.25 kHz SCS
	Number of TX antennas
	Number of demodulation
	Propagation conditions and correlation matrix (annex J)
	Frequency offset
	SNR (dB)

	
	branches
	
	
	Burst format 0

	1
	2
	AWGN
	625 Hz
	-11.3

	
	
	AWGN
	2334 Hz
	-12.8

	
	
	TDLC300-100 Low
	0 Hz
	[-5.5]



Table 8.4.1.6.1-3: PRACH missed detection requirements for high speed train, 15 kHz SCS
	Number of
	Number of
	Propagation
	Frequency
	SNR (dB)

	TX antennas
	demodulation branches
	conditions and correlation matrix (Annex G)
	offset
	Burst format A2
	Burst format B4
	Burst format C2

	1
	2
	AWGN
	1740 Hz
	-11.0
	-14.0
	-10.8



Table 8.4.1.6.1-4: PRACH missed detection requirements for high speed train, 30 kHz SCS
	Number of
	Number of
	Propagation
	Frequency
	SNR (dB)

	TX antennas
	demodulation branches
	conditions and correlation matrix (Annex G)
	offset
	Burst format A2
	Burst format B4
	Burst format C2

	1
	2
	AWGN
	3334 Hz
	-10.9
	-14.3
	-10.7



[bookmark: _Toc21103068][bookmark: _Toc29810917][bookmark: _Toc36636277][bookmark: _Toc37273223][bookmark: _Toc45886313][bookmark: _Toc53183358][bookmark: _Toc58916067]8.4.1.5.2	Test requirement for IAB type 2-O	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Issue in 38.141-2 V16.6.0
This should not be in HST. HST seems to have cut in front.
Pfa shall not exceed 0.1%. Pd shall not be below 99% for the SNRs in tables 8.4.1.5.2-1 to 8.4.1.5.2-2.
Table 8.4.1.5.2-1: PRACH missed detection test requirements for Normal Mode, 60 kHz SCS
	Number
	Number of
	Propagation
	Frequency
	SNR (dB)

	of TX antennas
	demodulation branches
	conditions and correlation matrix (annex J)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-8.6
	-11.6
	-13.2
	-15.5
	-5.7
	-11.5

	
	
	TDLA30-300 Low
	4000 Hz
	-1.0
	-3.2
	-4.2
	-6.3
	1.7
	-3.3



Table 8.4.1.5.2-2: PRACH missed detection test requirements for Normal Mode, 120 kHz SCS
	Number
	Number of
	Propagation
	Frequency
	SNR (dB)

	of TX antennas
	demodulation branches
	conditions and correlation matrix (annex J)
	offset
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	-8.4
	-11.2
	-13.0
	-15.5
	-5.5
	-11.1

	
	
	TDLA30-300 Low
	4000 Hz
	-1.1
	-3.8
	-5.2
	-6.9
	1.8
	-3.6




<<END OF FIRST CHANGE>>



Text proposal 2 to 38.176-2 IAB-DU: Appendix Rest (incl. test setup/TT/etc.)	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Large parts of the appendices overlap with RF session.
Coordination with spec editor is required.

Even within Demod, various IAB-DU and IAB-MT overlaps will need to be resolved.

<<START OF SECOND CHANGE>>

[bookmark: _Toc21103090][bookmark: _Toc29810939][bookmark: _Toc36636300][bookmark: _Toc37273246][bookmark: _Toc45886336][bookmark: _Toc53183381][bookmark: _Toc58916093]C.3	Measurement of performance requirements	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Which values for IAB-MT?
Available in RAN5 specifications?
Table C.3-1: Derivation of test requirements (FR1 OTA performance tests)
	Test 
	Minimum Requirement in TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	8.2.1	Performance requirements for PUSCH with transform precoding disabled
	See clause 11.2.1.1
	0.6 dB
	Formula: SNR + TTOTA
T-put limit unchanged

	8.2.2	Performance requirements for PUSCH with transform precoding enabled
	See clause 11.2.1.2
	0.6 dB
	Formula: SNR + TTOTA
T-put limit unchanged

	8.2.3	Performance requirements for UCI multiplexed on PUSCH 
	See clause 11.2.1.3
	0.6 dB
	Formula: SNR + TTOTA
BLER limit unchanged

	8.2.4	Performance requirements for PUSCH for high speed train
	SNRs as specified
	0.3 dB
	Formula: SNR + TT
T-put limit unchanged

	8.2.6 Performance requirements for PUSCH with 0.001% BLER
	SNRs as specified
	0.3 dB
	Formula: SNR + TT + 1dB

1dB is added to the test requirement to facilitate early test pass. The BLER delivered by the device during the test will be lower than the test requirement, which enables compliance to the requirement to be demonstrated with a number of observed block errors lower than a certain threshold.

	8.2.7	Performance requirements for PUSCH repetition Type A
	See clause 11.2.1.7
	0.6 dB
	Formula: SNR + TTOTA
BLER limit unchanged

	8.2.8	Performance requirements for PUSCH mapping type B with non-slot transmission
	See clause 11.2.1.8
	0.6 dB
	Formula: SNR + TTOTA
T-put limit unchanged

	8.3.1	Performance requirements for PUCCH format 0
	See clause 11.3.1.2
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged
Correct ACK limit unchanged

	8.3.2	Performance requirements for PUCCH format 1
	See clause 11.3.1.3 
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged 
False NACK limit unchanged
Correct ACK limit unchanged

	8.3.3	Performance requirements for PUCCH format 2
	See clause 11.3.1.4 
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged
Correct ACK limit unchanged
UCI BLER limit unchanged

	8.3.4	Performance requirements for PUCCH format 3
	See clause 11.3.1.5 
	0.6 dB
	Formula: SNR + TTOTA
UCI BLER limit unchanged

	8.3.5	Performance requirements for PUCCH format 4
	See clause 11.3.1.6 
	0.6 dB
	Formula: SNR + TTOTA
UCI BLER limit unchanged

	8.3.6	Performance requirements for multi-slot PUCCH
	See clause 11.3.1.7
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged
False NACK limit unchanged
Correct ACK limit unchanged

	8.4.1	PRACH false alarm probability and missed detection
	See clause 11.4.1
	0.6 dB for fading cases
0.3 dB for AWGN cases
	Formula: SNR + TTOTA
PRACH False detection limit unchanged
PRACH detection limit unchanged 

	8.4.2	Performance requirements for PRACH for high speed train
	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

	8.2.5	Performance requirements for UL timing adjustment
	See clause 11.2.1.5
	0.3 dB for AWGN cases
	Formula: SNR + TTOTA
T-put limit unchanged

	NOTE:	TT values are applicable for normal condition unless otherwise stated.



Table C.3-2: Derivation of test requirements (FR2 OTA performance tests)
	Test 
	Minimum requirement in TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	8.2.1	Performance requirements for PUSCH with transform precoding disabled
	See clause 11.2.2.1
	0.6 dB
	Formula: SNR + TTOTA
T-put limit unchanged

	8.2.2	Performance requirements for PUSCH with transform precoding enabled
	See clause 11.2.2.2
	0.6 dB
	Formula: SNR + TTOTA
T-put limit unchanged

	8.2.3	Performance requirements for UCI multiplexed on PUSCH 
	See clause 11.2.2.3
	0.6 dB
	Formula: SNR + TTOTA
BLER limit unchanged

	8.2.7 Performance requirements for PUSCH repetition Type A
	See clause 11.2.2.4
	0.6 dB
	Formula: SNR + TTOTA
BLER limit unchanged

	8.2.8	Performance requirements for PUSCH mapping Type B with non-slot transmission
	See clause 11.2.2.5
	0.6 dB
	Formula: SNR + TTOTA
T-put limit unchanged

	8.3.1	Performance requirements for PUCCH format 0
	See clause 11.3.2.2
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged
Correct ACK limit unchanged

	8.3.2	Performance requirements for PUCCH format 1
	See clause 11.3.2.3 
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged 
False NACK limit unchanged
Correct ACK limit unchanged

	8.3.3	Performance requirements for PUCCH format 2
	See clause 11.3.2.4 
	0.6 dB
	Formula: SNR + TTOTA
False ACK limit unchanged
Correct ACK limit unchanged
UCI BLER limit unchanged

	8.3.4	Performance requirements for PUCCH format 3
	See clause 11.3.2.5 
	0.6 dB
	Formula: SNR + TTOTA
UCI BLER limit unchanged

	8.3.5	Performance requirements for PUCCH format 4
	See clause 11.3.2.6 
	0.6 dB
	Formula: SNR + TTOTA
UCI BLER limit unchanged

	8.4.1	PRACH false alarm probability and missed detection
	See clause 11.4.2
	0.6 dB for fading cases
0.3 dB for AWGN cases
	Formula: SNR + TTOTA
PRACH False detection limit unchanged
PRACH detection limit unchanged 

	NOTE:	TT values are applicable for normal condition unless otherwise stated.



<<END OF SECOND CHANGE>>

[bookmark: _Toc21103092][bookmark: _Toc29810941][bookmark: _Toc36636302][bookmark: _Toc37273248][bookmark: _Toc45886338][bookmark: _Toc53183383][bookmark: _Toc58916095]Annex E (informative):
OTA measurement system set-up

<< Unchanged parts omitted >>

[bookmark: _Toc21103109][bookmark: _Toc29810958][bookmark: _Toc36636319][bookmark: _Toc37273265][bookmark: _Toc45886355][bookmark: _Toc53183400][bookmark: _Toc58916112]E.3	Performance requirements for IAB-DU	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): No change on IAB-DU side.
[image: ]	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Do figures need to be redrawing with BS -> IAB-DU?
[bookmark: _Hlk68194496]Figure E.3-1: Measurement set up for single TX, single demodulation branch radiated performance requirements
[image: ]
Figure E.3-2: Measurement set up for single TX, dual polarization radiated performance requirements
[image: ]
Figure E.3-3: Measurement set up for dual TX, dual polarization radiated performance requirements


Figure E.3-4: Measurement set up for UL timing adjustment, single TX, dual polarization radiated performance requirements
[bookmark: _Toc21103110][bookmark: _Toc29810959][bookmark: _Toc36636320][bookmark: _Toc37273266][bookmark: _Toc45886356][bookmark: _Toc53183401]The OTA chambers shown in figures E.3-1, E.3-2, E.3-3 and E.3-4 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 E.3-1, E.3-2, E.3-3 and E.3-4 is optional. Fading channel emulators are included when needed according to the requirement description.
NOTE:	The HARQ Feedback (only for PUSCH) could be done as an RF feedback or as a digital feedback. The HARQ Feedback should be error free.

E.3	Performance requirements for IAB-MT	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): RAN4 does not yet have UE based conformance testing, so these parts need to be created form zero.

However, we have the following agreements:

IAB-MT - Conformance testing setup
Basis for test setup (from GtW)
Test setup and performance requirements based on the BS approach assumption, i.e., using a signal generator and assuming unidirectional Uu interface. Flexibility in connection/test setup is allowed by keeping the specified setup informative.
Further work on the texts to specification to align with RF conformance test assumption.
Synchronization in test procedure (from GtW)
Write the test procedure using the BS approach, i.e., no detailed synchronization configuration for synchronization is included in conformance specifications. 
Add a note in conformance specifications to clarify that IAB-MT synchronization with the TE is left to implementation, i.e., neither the use of DL signal configuration nor the use of proprietary means is precluded.
“In tests performed with signal generators, a synchronization signal may be provided between the IAB node and the signal generator, or a common (e.g., GNSS) source may be provided to both IAB node and the signal generator, to enable correct timing of the wanted signal.”
HARQ Feedback
Note in BS specification can be reused: The HARQ Feedback could be done as an RF feedback or as a digital feedback. The HARQ Feedback should be error free.
L1/L2 testing mode
Up to implementation. Only keep prior agreements.
Conformance testing setup
Left up to implementation on how L1/L2 is configured for testing
Detailed test setup: 
Use a test setup that offers the alternative options for testing with a unidirectional (BS like approach) or bidirectional (UE like approach)  Uu interface between TE and IAB-MT. The DUT being allowed to knowingly be in a L1/L2 test mode configured using RRC or alternative propriety means and using TDD pattern independent FRC-like requirements to describe the KPI relevant channel structure.  FFS whether coarse or fine time synchronization can be provided via the digital feedback link from the tester or by a common (e.g., GNSS) source, or by Uu interface
unidirectional (BS like approach) means
TE to IAB-MT linkage： DL by Uu interface
IAB-MT to TE linkage： Not through Uu interface
bidirectional (UE like approach) means
TE to IAB-MT linkage： DL by Uu interface
IAB-MT to TE linkage： UL by Uu interface
Note: Companies can further clarify BS approach




Figure E.x-x: Measurement set up for dual TX, dual RX, dual polarization radiated performance requirements
The OTA chamber shown in figure E.x-x is intended to be generic and can be replaced with any suitable OTA chamber (e.g. far field anechoic chamber, CATR, etc.). Fading channel emulators are included when needed according to the requirement description.
NOTE 1:	The feedback could be done as an RF feedback, either using NR channels or using other means, or as a digital feedback. The HARQ Feedback should be error free.
NOTE 2:	In tests performed with signal generators, a synchronization signal may be provided between the IAB node and the signal generator, or a common (e.g., GNSS) source may be provided to both IAB node and the signal generator, to enable correct timing of the wanted signal.
NOTE 3:	It is left up to implementation how L1/L2 is configured for testing.


<<START OF THIRD CHANGE>>

[bookmark: _Toc21103134][bookmark: _Toc29810983][bookmark: _Toc36636344][bookmark: _Toc37273290][bookmark: _Toc45886380][bookmark: _Toc53183425][bookmark: _Toc58916137]Annex J (normative):
Propagation conditions	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Probably this is taken care off by RF session.
Coordinate with Spec editor.

This is IAB-DU.
Strong overlap with IAB-MT propagation conditions.
[bookmark: _Toc21103135][bookmark: _Toc29810984][bookmark: _Toc36636345][bookmark: _Toc37273291][bookmark: _Toc45886381][bookmark: _Toc53183426][bookmark: _Toc58916138]J.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.
[bookmark: _Toc21103136][bookmark: _Toc29810985][bookmark: _Toc36636346][bookmark: _Toc37273292][bookmark: _Toc45886382][bookmark: _Toc53183427][bookmark: _Toc58916139]J.2	Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:
-	A delay profile in the form of a "tapped delay-line", characterized by a number of taps at fixed positions on 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.
-	Different models are used for FR1 (410 MHz - 7.125GHz) and FR2 (24.25 GHz – 52.6 GHz).
[bookmark: _Toc21103137][bookmark: _Toc29810986][bookmark: _Toc36636347][bookmark: _Toc37273293][bookmark: _Toc45886383][bookmark: _Toc53183428][bookmark: _Toc58916140]J.2.1	Delay profiles
The delay profiles are simplified from the TR 38.901 [23] 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 annex J.2.1.1 and J.2.1.2 can be used as such.
	Step 1: Use the original TDL model from TR 38.901 [23].
	Step 2: Re-order the taps in ascending delays.
	Step 3: Perform delay scaling according to the procedure described in clause 7.7.3 in TR 38.901 [23].
	Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution.
	Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
	Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows
-	Find the weakest tap from all taps (both merged and unmerged taps are considered)
-	If there are two or more taps having the same value and are the weakest, select the tap with the smallest delay as the weakest tap.
-	When the weakest tap is the first delay tap, merge taps as follows
-	Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay tap.
-	Remove the second delay tap.
-	When the weakest tap is the last delay tap, merge taps as follows
-	Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.
-	Remove the second-to-last tap.
-	Otherwise
-	For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the weakest tap.
-	When the delay difference between the weakest tap and the identified neighbour tap on one side equals the delay difference between the weakest tap and the identified neighbour tap on the other side.
-	Select the neighbour tap that is weaker in power for merging.
-	Otherwise, select the neighbour tap that has smaller delay difference for merging.
-	To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected tap.
-	When the selected tap is the first tap, the location of the merged tap is the location of the first tap. The weakest tap is removed.
-	When the selected tap is the last tap, the location of the merged tap is the location of the last tap. The weakest tap is removed.
-	Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay. Otherwise, the location of the merged tap is rounded towards the direction of the selected tap (e.g. 10 ns & 20 ns à 15 ns, 10 ns & 25 ns à 20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher power). The weakest tap and the selected tap are removed.
-	Repeat step 6 until the final number of taps is 12.
	Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB à -8.8 dB)
	Step 8: If the delay spread has slightly 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 tap to 0 dB.
NOTE 1:	Some values of the delay profile created by the simplification steps may differ from the values in tables J.2.1.1-2, J.2.1.1-3, J.2.1.1-4, and J.2.1.2-2 for the corresponding model.
NOTE 2:	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.
[bookmark: _Toc21103138][bookmark: _Toc29810987][bookmark: _Toc36636348][bookmark: _Toc37273294][bookmark: _Toc45886384][bookmark: _Toc53183429][bookmark: _Toc58916141]J.2.1.1	Delay profiles for FR1
The delay profiles for FR1 are selected to be representative of low, medium and high delay spread environment. The resulting model parameters are specified in J.2.1.1-1 and the tapped delay line models are specified in tables J.2.1.1-2 ~ J.2.1.1-4.
Table J.2.1.1-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns



Table J.2.1.1-2 TDLA30 (DS = 30 ns)
	Tap #
	Delay (ns]
	Power (dB)
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	

	3
	15
	-5.1
	

	4
	20
	-5.1
	

	5
	25
	-9.6
	

	6
	50
	-8.2
	

	7
	65
	-13.1
	

	 8
	75
	-11.5
	

	9
	105
	-11.0
	

	10
	135
	-16.2
	

	11
	150
	-16.6
	

	12
	290
	-26.2
	



Table J.2.1.1-3 TDLB100 (DS = 100ns)
	Tap #
	Delay (ns]
	Power (dB)
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	10
	-2.2
	

	3
	20
	-0.6
	

	4
	30
	-0.6
	

	5
	35
	-0.3
	

	6
	45
	-1.2
	

	7
	55
	-5.9
	

	8
	120
	-2.2
	

	9
	170
	-0.8
	

	10
	245
	-6.3
	

	11
	330
	-7.5
	

	12
	480
	-7.1
	



Table J.2.1.1-4 TDLC300 (DS = 300 ns)
	Tap #
	Delay (ns]
	Power (dB)
	Fading distribution

	1
	0
	-6.9
	Rayleigh

	2
	65
	0
	

	3
	70
	-7.7
	

	4
	190
	-2.5
	

	5
	195
	-2.4
	

	6
	200
	-9.9
	

	7
	240
	-8.0
	

	8
	325
	-6.6
	

	9
	520
	-7.1
	

	10
	1045
	-13.0
	

	11
	1510
	-14.2
	

	12
	2595
	-16.0
	



[bookmark: _Toc21103139][bookmark: _Toc29810988][bookmark: _Toc36636349][bookmark: _Toc37273295][bookmark: _Toc45886385][bookmark: _Toc53183430][bookmark: _Toc58916142]J.2.1.2	Delay profiles for FR2
The delay profiles for FR2 are specified in J.2.1.2-1 and the tapped delay line models are specified in table J.2.1.2-2.
Table J.2.1.2-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns



Table J.2.1.2-2: TDLA30 (DS = 30 ns)
	Tap #
	Delay (ns]
	Power (dB)
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	

	3
	15
	-5.1
	

	4
	20
	-5.1
	

	5
	25
	-9.6
	

	6
	50
	-8.2
	

	7
	65
	-13.1
	

	 8
	75
	-11.5
	

	9
	105
	-11.0
	

	10
	135
	-16.2
	

	11
	150
	-16.6
	

	12
	290
	-26.2
	



[bookmark: _Toc21103140][bookmark: _Toc29810989][bookmark: _Toc36636350][bookmark: _Toc37273296][bookmark: _Toc45886386][bookmark: _Toc53183431][bookmark: _Toc58916143]J.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., TDLA<DS>-<Doppler>, TDLB<DS>-<Doppler> or TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>' indicates the maximum Doppler frequency (Hz).
Table J.2.2-1 and J.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 FR1 and FR2, respectively.
Table J.2.2-1: Channel model parameters for FR1
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-5
	TDLA30
	5 Hz

	TDLA30-10
	TDLA30
	10 Hz

	TDLB100-400
	TDLB100
	400 Hz

	TDLC300-100
	TDLC300
	100 Hz

	TDLC300-600
	TDLC300
	600 Hz

	TDLC300-1200
	TDLC300
	1200 Hz



Table J.2.2-2: Channel model parameters for FR2
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-75
	TDLA30
	75 Hz

	TDLA30-300
	TDLA30
	300 Hz



[bookmark: _Toc21103141][bookmark: _Toc29810990][bookmark: _Toc36636351][bookmark: _Toc37273297][bookmark: _Toc45886387][bookmark: _Toc53183432][bookmark: _Toc58916144]J.2.3	MIMO channel correlation matrices
The MIMO channel correlation matrices defined in J.2.3 apply for the antenna configuration using uniform linear arrays at both gNB and UE and for the antenna configuration using cross polarized antennas.
[bookmark: _Toc21103142][bookmark: _Toc29810991][bookmark: _Toc36636352][bookmark: _Toc37273298][bookmark: _Toc45886388][bookmark: _Toc53183433][bookmark: _Toc58916145]J.2.3.1	MIMO correlation matrices using Uniform Linear Array
The MIMO channel correlation matrices defined in J.2.3.1 apply for the antenna configuration using uniform linear array (ULA) at both gNB and UE.
[bookmark: _Toc21103143][bookmark: _Toc29810992][bookmark: _Toc36636353][bookmark: _Toc37273299][bookmark: _Toc45886389][bookmark: _Toc53183434][bookmark: _Toc58916146]J.2.3.1.1	Definition of MIMO correlation matrices
Table J.2.3.1.1-1 defines the correlation matrix for the gNB.
Table J.2.3.1.1-1: gNB correlation matrix
	
	gNB correlation

	[bookmark: MCCQCTEMPBM_00000077]One antenna
	[bookmark: MCCQCTEMPBM_00000187][image: ]

	[bookmark: MCCQCTEMPBM_00000078]Two antennas
	[bookmark: MCCQCTEMPBM_00000188][image: ]

	[bookmark: MCCQCTEMPBM_00000079]Four antennas
	[bookmark: MCCQCTEMPBM_00000189][image: ]

	[bookmark: MCCQCTEMPBM_00000080]Eight antennas
	



	
Table J.2.3.1.1-2 defines the correlation matrix for the UE:
Table J.2.3.1.1-2: UE correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	[bookmark: MCCQCTEMPBM_00000081][bookmark: MCCQCTEMPBM_00000082][bookmark: MCCQCTEMPBM_00000083]UE correlation
	[bookmark: MCCQCTEMPBM_00000191][image: ]
	[bookmark: MCCQCTEMPBM_00000192][image: ]
	[bookmark: MCCQCTEMPBM_00000193][image: ]



[bookmark: MCCQCTEMPBM_00000084][bookmark: MCCQCTEMPBM_00000194]Table J.2.3.1.1-3 defines the channel spatial correlation matrix[image: ]. The parameters, α and β in table J.2.3.1.1-3 defines the spatial correlation between the antennas at the gNB and UE respectively.
[bookmark: MCCQCTEMPBM_00000085]Table J.2.3.1.1-3: [image: ]correlation matrices
	[bookmark: MCCQCTEMPBM_00000086]1x2 case
	[bookmark: MCCQCTEMPBM_00000195][image: ]

	[bookmark: MCCQCTEMPBM_00000087]1x4 case
	[bookmark: MCCQCTEMPBM_00000196][image: ]

	[bookmark: MCCQCTEMPBM_00000088]2x2 case
	[bookmark: MCCQCTEMPBM_00000197][image: ]

	[bookmark: MCCQCTEMPBM_00000089]2x4 case
	[bookmark: MCCQCTEMPBM_00000198][image: ]

	[bookmark: MCCQCTEMPBM_00000090]4x4 case
	[bookmark: MCCQCTEMPBM_00000199][image: ]



[bookmark: MCCQCTEMPBM_00000091][bookmark: MCCQCTEMPBM_00000092][bookmark: MCCQCTEMPBM_00000093][bookmark: MCCQCTEMPBM_00000200][bookmark: MCCQCTEMPBM_00000201][bookmark: MCCQCTEMPBM_00000202]For cases with more antennas at either gNB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of [image: ] and [image: ]according to[image: ].
[bookmark: _Toc21103144][bookmark: _Toc29810993][bookmark: _Toc36636354][bookmark: _Toc37273300][bookmark: _Toc45886390][bookmark: _Toc53183435][bookmark: _Toc58916147]J.2.3.1.2	MIMO correlation matrices at high, medium and low level
[bookmark: MCCQCTEMPBM_00000094][bookmark: MCCQCTEMPBM_00000095][bookmark: MCCQCTEMPBM_00000203][bookmark: MCCQCTEMPBM_00000204]The [image: ] and [image: ] for different correlation types are given in table J.2.3.1.2-1.
Table J.2.3.1.2-1: Correlation for high, medium and low level
	Low correlation
	Medium correlation
	High correlation

	a
	b
	a
	b
	a
	b

	0
	0
	0.9 
	0.3 
	0.9 
	0.9 



The correlation matrices for high, medium and low correlation are defined in table J.2.3.1.2-2, J.2.3.1.2-3 and J.2.3.1.2-4 as below.
The values in table J.2.3.1.2-2 have been adjusted for the 2x4 and 4x4 high correlation cases to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision.  This is done using the equation:
	[image: ]
[bookmark: MCCQCTEMPBM_00000096]Where the value "a" is a scaling factor such that the smallest value is used to obtain a positive semi-definite result. For the 2x4 high correlation case, a=0.00010. For the 4x4 high correlation case, a=0.00012.
The same method is used to adjust the 4x4 medium correlation matrix in table J.2.3.1.2-3 to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision with a =0.00012.
Table J.2.3.1.2-2: MIMO correlation matrices for high correlation
	[bookmark: MCCQCTEMPBM_00000097]1x2 case
	[bookmark: MCCQCTEMPBM_00000205][image: ]

	[bookmark: MCCQCTEMPBM_00000098]2x2 case
	[bookmark: MCCQCTEMPBM_00000206][image: ]

	[bookmark: MCCQCTEMPBM_00000099]2x4 case
	[bookmark: MCCQCTEMPBM_00000207][image: ]

	[bookmark: MCCQCTEMPBM_00000100]4x4 case
	[bookmark: MCCQCTEMPBM_00000208][image: ]



Table J.2.3.1.2-3: MIMO correlation matrices for medium correlation
	1x2 case
	N/A

	[bookmark: MCCQCTEMPBM_00000101]2x2 case
	[bookmark: MCCQCTEMPBM_00000209][image: ]

	[bookmark: MCCQCTEMPBM_00000102]2x4 case
	[bookmark: MCCQCTEMPBM_00000210][image: ]

	[bookmark: MCCQCTEMPBM_00000103]4x4 case
	[bookmark: MCCQCTEMPBM_00000211][image: ]



Table J.2.3.1.2-4: MIMO correlation matrices for low correlation
	[bookmark: MCCQCTEMPBM_00000104]1x2 case
	[bookmark: MCCQCTEMPBM_00000212][image: ]

	[bookmark: MCCQCTEMPBM_00000105] 1x4 case
	[bookmark: MCCQCTEMPBM_00000213][image: ]

	[bookmark: MCCQCTEMPBM_00000106]1x8 case
	


	[bookmark: MCCQCTEMPBM_00000107] 2x2 case
	[bookmark: MCCQCTEMPBM_00000215][image: ]

	[bookmark: MCCQCTEMPBM_00000108] 2x4 case
	[bookmark: MCCQCTEMPBM_00000216][image: ]

	[bookmark: MCCQCTEMPBM_00000109]2x8 case
	


	[bookmark: MCCQCTEMPBM_00000110] 4x4 case
	[bookmark: MCCQCTEMPBM_00000218][image: ]



[bookmark: MCCQCTEMPBM_00000111][bookmark: MCCQCTEMPBM_00000112][bookmark: MCCQCTEMPBM_00000219][bookmark: MCCQCTEMPBM_00000220]In table J.2.3.1.2-4, [image: ] is a [image: ] identity matrix.
NOTE:	For completeness, the correlation matrices were defined for high, medium and low correlation but performance requirements exist only for low correlation.
[bookmark: _Toc21103145][bookmark: _Toc29810994][bookmark: _Toc36636355][bookmark: _Toc37273301][bookmark: _Toc45886391][bookmark: _Toc53183436][bookmark: _Toc58916148]J.2.3.2	Multi-antenna channel models using cross polarized antennas
The MIMO channel correlation matrices defined in J.2.3.2 apply to two cases as presented below:
-	One TX antenna and multiple RX antennas case, with cross polarized antennas used at gNB
-	Multiple TX antennas and multiple RX antennas case, with cross polarized antennas used at both UE and gNB
The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at gNB. For one TX antenna case, antenna element with +90 degree polarization slant angle is deployed at UE. For multiple TX antennas case, cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at UE.
For the cross-polarized antennas, the N antennas are labelled such that antennas for one polarization are listed from 1 to N/2 and antennas for the other polarization are listed from N/2+1 to N, where N is the number of TX or RX antennas.
[bookmark: _Toc21103146][bookmark: _Toc29810995][bookmark: _Toc36636356][bookmark: _Toc37273302][bookmark: _Toc45886392][bookmark: _Toc53183437][bookmark: _Toc58916149]J.2.3.2.1	Definition of MIMO correlation matrices using cross polarized antennas
For the channel spatial correlation matrix, the following is used:
	[image: ]
[bookmark: MCCQCTEMPBM_00000113]Where
[bookmark: MCCQCTEMPBM_00000114][bookmark: MCCQCTEMPBM_00000221]-	[image: ] is the spatial correlation matrix at the UE with same polarization,
[bookmark: MCCQCTEMPBM_00000115][bookmark: MCCQCTEMPBM_00000222]-	[image: ] is the spatial correlation matrix at the gNB with same polarization,
[bookmark: MCCQCTEMPBM_00000116][bookmark: MCCQCTEMPBM_00000223]-	[image: ] is a polarization correlation matrix,
[bookmark: MCCQCTEMPBM_00000117][bookmark: MCCQCTEMPBM_00000224]-	[image: ] is a permutation matrix, and
[bookmark: MCCQCTEMPBM_00000118][bookmark: MCCQCTEMPBM_00000225]-	[image: ] denotes transpose.
Table J.2.3.2.1-1 defines the polarization correlation matrix.
Table J.2.3.2.1-1 : Polarization correlation matrix
	
	One TX antenna
	Multiple TX antennas

	[bookmark: MCCQCTEMPBM_00000119][bookmark: MCCQCTEMPBM_00000120]Polarization correlation matrix
	[bookmark: MCCQCTEMPBM_00000226][image: ]
	[bookmark: MCCQCTEMPBM_00000227][image: ]



[bookmark: MCCQCTEMPBM_00000121][bookmark: MCCQCTEMPBM_00000228]The matrix[image: ]is defined as
	[image: ]
[bookmark: MCCQCTEMPBM_00000122][bookmark: MCCQCTEMPBM_00000123][bookmark: MCCQCTEMPBM_00000124][bookmark: MCCQCTEMPBM_00000125][bookmark: MCCQCTEMPBM_00000229][bookmark: MCCQCTEMPBM_00000230][bookmark: MCCQCTEMPBM_00000231]where [image: ] and [image: ] is the number of TX and RX antennas respectively, and [image: ] is the ceiling operator.
[bookmark: MCCQCTEMPBM_00000126][bookmark: MCCQCTEMPBM_00000232]The matrix [image: ] is used to map the spatial correlation coefficients in accordance with the antenna element labelling system described in J.2.3.2.
[bookmark: _Toc21103147][bookmark: _Toc29810996][bookmark: _Toc36636357][bookmark: _Toc37273303][bookmark: _Toc45886393][bookmark: _Toc53183438][bookmark: _Toc58916150]J.2.3.2.2	Spatial correlation matrices at UE and gNB sides
[bookmark: _Toc21103148][bookmark: _Toc29810997][bookmark: _Toc36636358][bookmark: _Toc37273304][bookmark: _Toc45886394][bookmark: _Toc53183439][bookmark: _Toc58916151]J.2.3.2.2.1	Spatial correlation matrices at UE side
[bookmark: MCCQCTEMPBM_00000127][bookmark: MCCQCTEMPBM_00000233]For 1-antenna transmitter, [image: ].
[bookmark: MCCQCTEMPBM_00000128][bookmark: MCCQCTEMPBM_00000234]For 2-antenna transmitter using one pair of cross-polarized antenna elements, [image: ].
[bookmark: MCCQCTEMPBM_00000129][bookmark: MCCQCTEMPBM_00000235]For 4-antenna transmitter using two pairs of cross-polarized antenna elements, [image: ].
[bookmark: _Toc21103149][bookmark: _Toc29810998][bookmark: _Toc36636359][bookmark: _Toc37273305][bookmark: _Toc45886395][bookmark: _Toc53183440][bookmark: _Toc58916152]J.2.3.2.2.2	Spatial correlation matrices at gNB side
[bookmark: MCCQCTEMPBM_00000130][bookmark: MCCQCTEMPBM_00000236]For 2-antenna receiver using one pair of cross-polarized antenna elements, [image: ].
[bookmark: MCCQCTEMPBM_00000131][bookmark: MCCQCTEMPBM_00000237]For 4-antenna receiver using two pairs of cross-polarized antenna elements,[image: ].
[bookmark: MCCQCTEMPBM_00000132][bookmark: MCCQCTEMPBM_00000238]For 8-antenna receiver using four pairs of cross-polarized antenna elements,[image: ].
[bookmark: _Toc21103150][bookmark: _Toc29810999][bookmark: _Toc36636360][bookmark: _Toc37273306][bookmark: _Toc45886396][bookmark: _Toc53183441][bookmark: _Toc58916153]J.2.3.2.3	MIMO correlation matrices using cross polarized antennas
The values for parameters α, β and γ for low spatial correlation are given in table J.2.3.2.3-1.
Table J.2.3.2.3-1: Values for parameters α,  and γ
	Low spatial correlation

	
	
	

	0
	0
	0

	Note 1:	Value of α applies when more than one pair of cross-polarized antenna elements at gNB side.
Note 2:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.



The correlation matrices for low spatial correlation are defined in table J.2.3.2.3-2 as below.
Table J.2.3.2.3-2: MIMO correlation matrices for low spatial correlation
	[bookmark: MCCQCTEMPBM_00000133]1x8 case
	[bookmark: MCCQCTEMPBM_00000239][image: ]

	[bookmark: MCCQCTEMPBM_00000134]2x8 case
	[bookmark: MCCQCTEMPBM_00000240][image: ]


[bookmark: MCCQCTEMPBM_00000135][bookmark: MCCQCTEMPBM_00000136][bookmark: MCCQCTEMPBM_00000241][bookmark: MCCQCTEMPBM_00000242]In table J.2.3.2.3-2, [image: ] is a [image: ] identity matrix.

<<END OF THIRD CHANGE>>



Text proposal 3 to 38.176-2 IAB-MT: Appendix Rest (incl. test setup/TT/etc.)	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Large parts of the appendices overlap with RF session.
Even within Demod, IAB-DU and IAB-MT overlap will need to be resolved.

<<START OF FORTH CHANGE>>

[bookmark: _Toc21338427][bookmark: _Toc29808535][bookmark: _Toc37068454][bookmark: _Toc37257407][bookmark: _Toc45892538][bookmark: _Toc53176164][bookmark: _Toc61120129][bookmark: _Toc67917345]Annex B (normative):
Propagation conditions	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): IAB-MT

Unclear, if overlap with RF specification drafting.
[bookmark: _Toc21338428][bookmark: _Toc29808536][bookmark: _Toc37068455][bookmark: _Toc37257408][bookmark: _Toc45892539][bookmark: _Toc53176165][bookmark: _Toc61120130][bookmark: _Toc67917346]B.1	Static propagation condition
[bookmark: _Toc21338429][bookmark: _Toc29808537][bookmark: _Toc37068456][bookmark: _Toc37257409][bookmark: _Toc45892540][bookmark: _Toc53176166][bookmark: _Toc61120131][bookmark: _Toc67917347]B.1.1	UE Receiver with 2Rx
For 1 port transmission the channel matrix is defined in the frequency domain by

	.
For 2 port transmission the channel matrix is defined in the frequency domain by

	.
For 4 port transmission the channel matrix is defined in the frequency domain by

	
For 8 port transmission the channel matrix is defined in the frequency domain by

	
[bookmark: _Toc21338430][bookmark: _Toc29808538][bookmark: _Toc37068457][bookmark: _Toc37257410][bookmark: _Toc45892541][bookmark: _Toc53176167][bookmark: _Toc61120132][bookmark: _Toc67917348]B.1.2	UE Receiver with 4Rx	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Not applicable in radiated.
For 1 port transmission the channel matrix is defined in the frequency domain by

	.
For 2 port transmission the channel matrix is defined in the frequency domain by

	.
For 4 port transmission the channel matrix is defined in the frequency domain by

	.
For 8 port transmission the channel matrix is defined in the frequency domain by

	
[bookmark: _Toc21338431][bookmark: _Toc29808539][bookmark: _Toc37068458][bookmark: _Toc37257411][bookmark: _Toc45892542][bookmark: _Toc53176168][bookmark: _Toc61120133][bookmark: _Toc67917349]B.2	Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:
-	A delay profile in the form of a "tapped delay-lin", characterized by a number of taps at fixed positions on 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.
-	Different models are used for FR1 (below 6 GHz) and FR2 (above 6 GHz).
[bookmark: _Toc21338432][bookmark: _Toc29808540][bookmark: _Toc37068459][bookmark: _Toc37257412][bookmark: _Toc45892543][bookmark: _Toc53176169][bookmark: _Toc61120134][bookmark: _Toc67917350]B.2.1	Delay profiles
The delay profiles are simplified from the TR 38.901 [5] 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 B.2.1.1 and B.2.1.2 can be used as such.
Step 1: Use the original TDL model from TR 38.901[5].
Step 2: Re-order the taps in ascending delays
Step 3: Perform delay scaling according to the procedure described in clause 7.7.3 in TR 38.901 [5].
Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution.
Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows
-	Find the weakest tap from all taps (both merged and unmerged taps are considered)
-	If there are two or more taps having the same value and are the weakest, select the tap with the smallest delay as the weakest tap.
-	When the weakest tap is the first delay tap, merge taps as follows
-	Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay tap.
-	Remove the second delay tap.
-	When the weakest tap is the last delay tap, merge taps as follows
-	Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.
-	Remove the second-to-last tap.
-	Otherwise
-	For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the weakest tap.
-	When the delay difference between the weakest tap and the identified neighbour tap on one side equals the delay difference between the weakest tap and the identified neighbour tap on the other side.
-	Select the neighbour tap that is weaker in power for merging.
-	Otherwise, select the neighbour tap that has smaller delay difference for merging.
-	To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected tap.
-	When the selected tap is the first tap, the location of the merged tap is the location of the first tap. The weakest tap is removed.
-	When the selected tap is the last tap, the location of the merged tap is the location of the last tap. The weakest tap is removed.
-	Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay. Merge two parallel taps with different delays (average delay, sum power) starting from the weakest ones. Otherwise, the location of the merged tap is rounded towards the direction of the selected tap (e.g. 10 ns & 20 ns à 15 ns, 10 ns & 25 ns à 20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher power). The weakest tap and the selected tap are removed.
-	Repeat step 6 until the final number of taps is 12.
Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB à -8.8 dB)
Step 8: If the delay spread has slightly 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 tap powers such that the strongest tap is at 0dB.
Note:	Some values of the delay profile created by the simplification steps may differ from the values in tables B.2.1.1-2, B.2.1.1-3, B.2.1.1-4, B.2.1.2-2, and B.2.1.1-3 for the corresponding model.
Note:	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.
[bookmark: _Toc21338433][bookmark: _Toc29808541][bookmark: _Toc37068460][bookmark: _Toc37257413][bookmark: _Toc45892544][bookmark: _Toc53176170][bookmark: _Toc61120135][bookmark: _Toc67917351]B.2.1.1	Delay profiles for FR1
The delay profiles for FR1 are selected to be representative of low, medium and high delay spread environment. The resulting model parameters are specified in B.2.1.1-1 and the tapped delay line models are specified in Tables B.2.1.1-2 ~ Table B.2.1.1-4.
Table B.2.1.1-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns



Table B.2.1.1-2 TDLA30 (DS = 30 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



Table B.2.1.1-3 TDLB100 (DS = 100ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	10
	-2.2
	Rayleigh

	3
	20
	-0.6
	Rayleigh

	4
	30
	-0.6
	Rayleigh

	5
	35
	-0.3
	Rayleigh

	6
	45
	-1.2
	Rayleigh

	7
	55
	-5.9
	Rayleigh

	8
	120
	-2.2
	Rayleigh

	9
	170
	-0.8
	Rayleigh

	10
	245
	-6.3
	Rayleigh

	11
	330
	-7.5
	Rayleigh

	12
	480
	-7.1
	Rayleigh



Table B.2.1.1-4 TDLC300 (DS = 300 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-6.9
	Rayleigh

	2
	65
	0
	Rayleigh

	3
	70
	-7.7
	Rayleigh

	4
	190
	-2.5
	Rayleigh

	5
	195
	-2.4
	Rayleigh

	6
	200
	-9.9
	Rayleigh

	7
	240
	-8.0
	Rayleigh

	8
	325
	-6.6
	Rayleigh

	9
	520
	-7.1
	Rayleigh

	10
	1045
	-13.0
	Rayleigh

	11
	1510
	-14.2
	Rayleigh

	12
	2595
	-16.0
	Rayleigh



[bookmark: _Toc21338434][bookmark: _Toc29808542][bookmark: _Toc37068461][bookmark: _Toc37257414][bookmark: _Toc45892545][bookmark: _Toc53176171][bookmark: _Toc61120136][bookmark: _Toc67917352]B.2.1.2	Delay profiles for FR2
The delay profiles for FR2 are specified in B.2.1.2-1 and the tapped delay line models are specified in Tables B.2.1.2-2 and table B.2.1.2-3.
Table B.2.1.2-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLC60
	12
	60 ns
	520 ns
	5 ns



Table B.2.1.2-2 TDLA30 (DS = 30 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



Table B.2.1.2-3 TDLC60 (DS = 60 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-7.8
	Rayleigh

	2
	15
	-0.3
	Rayleigh

	3
	40
	0
	Rayleigh

	4
	50
	-8.9
	Rayleigh

	5
	55
	-14.5
	Rayleigh

	6
	75
	-8.5
	Rayleigh

	7
	80
	-10.2
	Rayleigh

	8
	130
	-12.1
	Rayleigh

	9
	210
	-13.9
	Rayleigh

	10
	300
	-15.2
	Rayleigh

	11
	360
	-16.9
	Rayleigh

	12
	520
	-19.4
	Rayleigh



[bookmark: _Toc21338435][bookmark: _Toc29808543][bookmark: _Toc37068462][bookmark: _Toc37257415][bookmark: _Toc45892546][bookmark: _Toc53176172][bookmark: _Toc61120137][bookmark: _Toc67917353]B.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., TDLA<DS>-<Doppler>, TDLB<DS>-<Doppler> or TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>' indicates the maximum Doppler frequency (Hz).
Table B.2.2-1 and Table B.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 FR1 and FR2, respectively.
Table B.2.2-1 Channel model parameters for FR1
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-5
	TDLA30
	5 Hz

	TDLA30-10
	TDLA30
	10 Hz

	TDLB100-400
	TDLB100
	400 Hz

	TDLC300-100
	TDLC300
	100 Hz



Table B.2.2-2 Channel model parameters for FR2
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-35
	TDLA30
	35 Hz

	TDLA30-75
	TDLA30
	75 Hz

	TDLA30-300
	TDLA30
	300 Hz

	TDLC60-300
	TDLC60
	300 Hz



[bookmark: _Toc21338436][bookmark: _Toc29808544][bookmark: _Toc37068463][bookmark: _Toc37257416][bookmark: _Toc45892547][bookmark: _Toc53176173][bookmark: _Toc61120138][bookmark: _Toc67917354]B.2.3	MIMO Channel Correlation Matrices
The MIMO channel correlation matrices defined in B.2.3 apply for the antenna configuration using uniform linear arrays at both gNB and UE and for the antenna configuration using cross polarized antennas.
[bookmark: _Toc21338437][bookmark: _Toc29808545][bookmark: _Toc37068464][bookmark: _Toc37257417][bookmark: _Toc45892548][bookmark: _Toc53176174][bookmark: _Toc61120139][bookmark: _Toc67917355]B.2.3.1	MIMO Correlation Matrices using Uniform Linear Array (ULA)
The MIMO channel correlation matrices defined in B.2.3.1 apply for the antenna configuration using uniform linear array (ULA) at both gNB and UE.
[bookmark: _Toc21338438][bookmark: _Toc29808546][bookmark: _Toc37068465][bookmark: _Toc37257418][bookmark: _Toc45892549][bookmark: _Toc53176175][bookmark: _Toc61120140][bookmark: _Toc67917356]B.2.3.1.1	Definition of MIMO Correlation Matrices
Table B.2.3.1.1-1 defines the correlation matrix for the gNB.

Table B.2.3.1.1-1 gNB correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	gNB Correlation
	

	

	



	
Table B.2.3.1.1-2 defines the correlation matrix for the UE:

Table B.2.3.1.1-2 UE correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	UE Correlation
	

	

	





Table B.2.3.1.1-3 defines the channel spatial correlation matrix. The parameters, α and β in Table B.2.3.1-3 defines the spatial correlation between the antennas at the gNB and UE.

Table B.2.3.1.1-3: correlation matrices
	1x2 case
	


	1x4 case
	


	2x1 case
	


	2x2 case
	


	2x4 case
	


	4x1 case
	


	4x2 case
	


	4x4 case
	







For cases with more antennas at either gNB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of  and  according  to .
[bookmark: _Toc21338439][bookmark: _Toc29808547][bookmark: _Toc37068466][bookmark: _Toc37257419][bookmark: _Toc45892550][bookmark: _Toc53176176][bookmark: _Toc61120141][bookmark: _Toc67917357]B.2.3.1.2	MIMO Correlation Matrices at High, Medium and Low Level
The α and β for different correlation types are given in Table B.2.3.1.2-1.
Table B.2.3.1.2-1: The α and β parameters for ULA MIMO correlation matrices
	Correlation Model
	a
	b

	Low correlation
	0
	0

	Medium Correlation
	0.3
	0.9

	Medium Correlation A
	0.3
	0.3874

	High Correlation
	0.9
	0.9



The correlation matrices for high, medium, medium A and low correlation are defined in Table B.2.3.1.2-2, B.2.3.1.2-3, B.2.3.1.2-4 and B.2.3.1.2-5 as below.
The values in Table B.2.3.1.2-2 have been adjusted for the 4x2 and 4x4 high correlation cases to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision. This is done using the equation:


Where the value "a" is a scaling factor such that the smallest value is used to obtain a positive semi-definite result. For the 4x2 high correlation case, a=0.00010. For the 4x4 high correlation case, a=0.00012.
The same method is used to adjust the 2x4 and 4x4 medium correlation matrix in Table B.2.3.1.2-3 to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision with a = 0.00010 and a = 0.00012.
Table B.2.3.1.2-2: MIMO correlation matrices for high correlation
	1x2 case
	


	2x1 case
	


	2x2 case
	


	4x2 case
	


	4x4 case
	




Table B.2.3.1.2-3: MIMO correlation matrices for medium correlation
	1x2 case
	N/A

	2x1 case
	N/A

	2x2 case
	


	2x4 case
	[image: ]

	4x2 case
	


	4x4 case
	




Table B.2.3.1.2-4: MIMO correlation matrices for medium correlation A
	1x4 case
	

	2x4 case
	


	4x4 case
	[image: ]



Table B.2.3.1.2-5: MIMO correlation matrices for low correlation
	1x2 case
	


	1x4 case
	


	2x1 case
	


	2x2 case
	


	2x4 case
	


	4x1 case
	


	4x2 case
	


	4x4 case
	




In Table B.2.3.1.2-5, Id is the d×d identity matrix.
[bookmark: _Toc21338440][bookmark: _Toc29808548][bookmark: _Toc37068467][bookmark: _Toc37257420][bookmark: _Toc45892551][bookmark: _Toc53176177][bookmark: _Toc61120142][bookmark: _Toc67917358]B.2.3.2	MIMO Correlation Matrices using Cross Polarized Antennas (X-pol)
The MIMO channel correlation matrices defined in B.2.3.2 apply for the antenna configuration using cross polarized (XP/X-pol) antennas at both gNB and UE. The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at gNB and cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at UE.


For the 2D cross-polarized antenna array at eNodeB, the N antennas are indexed by , and total number of antennas is , where

-	 is the number of antenna elements in first dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization, and

-	 is the number of polarization groups.
For the 2D cross-polarized antennas at gNB, the N antennas are labelled such that antennas shall be in increasing order of the second dimension firstly, then the first dimension, and finally the polarization group. For a specific antenna element at p-th polarization, n1-th row, and n2-th column within the 2D antenna array, the following index number is used for antenna labelling:


where N is the number of transmit antennas, p is the polarization group index, n1 is the row index, and n2 is the column index of the antenna element.
For the linear (single dimension, 1D) cross-polarized antenna, the N antennas are labelled following the above equations with N2=1.
[bookmark: _Toc21338441][bookmark: _Toc29808549][bookmark: _Toc37068468][bookmark: _Toc37257421][bookmark: _Toc45892552][bookmark: _Toc53176178][bookmark: _Toc61120143][bookmark: _Toc67917359]B.2.3.2.1	Definition of MIMO Correlation Matrices using cross polarized antennas
For the channel spatial correlation matrix, the following is used:


where

-	 is the spatial correlation matrix at the UE with same polarization,

-	 is the spatial correlation matrix at the gNB with same polarization,

-	is a polarization correlation matrix, and

-	denotes transpose.

The matrix is defined as


A permutation matrix P elements are defined as
[image: ].
where Nt and Nr is the number of transmitter and receiver respectively. This is used to map the spatial correlation coefficients in accordance with the antenna element labelling system described in B.2.3.2.
For the 2D cross-polarized antenna array at gNB, the spatial correlation matrix at the gNB is further expressed as following for 2D cross-polarized antenna array at gNB:


where

-	-	 is the correlation matrix of antenna elements in first dimension with same polarization, and

-	-	 is the correlation matrix of antenna elements in second dimension with same polarization.
For the 2D cross polarized antenna array at gNB side, the spatial correlation matrices in one direction of antenna array are as follows:
-	For 1 antenna element with the same polarization in one direction,

.
-	For 2 antenna elements with the same polarization in one direction,

.
-	For 3 antenna elements with the same polarization in one direction,

.
-	For 4 antenna elements with the same polarization in one direction,

.
where the index i = 1,2 stands for first dimension and second dimension respectively.


For the 1D cross-polarized antenna array at gNB, the matrix ofis determined by follow the equations for 2D cross-polarized antenna array and letting, i.e.,


The spatial correlation matrices at UE side are as follows:
-	For 1 antenna element with the same polarization,

.
-	For 2 antenna elements with the same polarization,

.
[bookmark: _Toc21338442][bookmark: _Toc29808550][bookmark: _Toc37068469][bookmark: _Toc37257422][bookmark: _Toc45892553][bookmark: _Toc53176179][bookmark: _Toc61120144][bookmark: _Toc67917360]B.2.3.2.2	MIMO Correlation Matrices using cross polarized antennas
The values for parameters α1, α2, β and γ for the cross polarized antenna models are given in Table B.2.3.2.2-1.
Table B.2.3.2.2-1: The α and β parameters for cross-polarized MIMO correlation matrices
	Correlation Model
	a1
	a2
	b
	

	Medium Correlation
	0.3
	0.3
	0.6
	0.2

	High Correlation
	0.9
	0.9
	0.9
	0.3

	Note 1:	Value of α1 applies when more than one pair of cross-polarized antenna elements in first dimension at gNB side.
Note 2:	Value of α2 applies when more than one pair of cross-polarized antenna elements in second dimension at gNB side.
Note 3:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.



For the 1D cross polarized antenna array at gNB side, the correlation matrices for high spatial correlation and medium correlation are defined in Table B.2.3.2.2-2 and Table B.2.3.2.2-3 as below.
The values in Table B.2.3.2.2-2 have been adjusted to ensure the correlation matrix is positive semi-definite after round-off to 4 digit precision. This is done using the equation: 


 or 
Where the value "a" is a scaling factor such that the smallest value is used to obtain a positive semi-definite result. For the 8(4,1,2)x2 high spatial correlation case, a=0.00010.
Table B.2.3.2.2-2: MIMO correlation matrices for high spatial correlation
	4(2,1,2)x2 case
	


	2(1,1,2)x4 case
	
 

	4(2,1,2)x4 case
	


	8(4,1,2)x2 case
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Table B.2.3.2.2-3: MIMO correlation matrices for medium spatial correlation
	2(1,1,2)x2 case
	



[bookmark: _Toc21338443][bookmark: _Toc29808551][bookmark: _Toc37068470][bookmark: _Toc37257423][bookmark: _Toc45892554][bookmark: _Toc53176180][bookmark: _Toc61120145][bookmark: _Toc67917361]B.2.3.2.3	Beam steering approach	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Currently unclear, if needed.
For the 2D cross-polarized antenna array at gNB, given the channel spatial correlation matrix in B.2.3.2.1 and B.2.3.2.2, the corresponding random channel matrix H can be calculated. The signal model for the k-th slot is denoted as


And the steering matrix is further expressed as following:


where
-	H is the Nr×Nt channel matrix per subcarrier.

-	 is the steering matrix,

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements in first dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,

-	For antenna array with only one direction, number of antenna element in second direction equals 1.
For 1 antenna element with the same polarization in one direction,

.
For 2 antenna elements with the same polarization in one direction,

.
For 3 antenna elements with the same polarization in one direction,

.
For 4 antenna elements with the same polarization in one direction,

.

where the index  stands for first dimension and second dimension respectively.






-	 controls the phase variation in first dimension and second dimension respectively, and the phase for k-th subframe is denoted by, where is the random start value with the uniform distribution, i.e., ,  is the step of phase variation, which is defined in Table B.2.3B.4-1, and k is the linear increment of 2-μ for every slot throughout the simulation, the index  stands for first dimension and second dimension respectively.

-	 is the precoding matrix for Nt transmission antennas,
-	y is the received signal, x is the transmitted signal, and n is AWGN.


-	 corresponds to subcarrier spacing configuration, 
For the 1D cross-polarized antenna array at gNB, the corresponding random channel matrix H can be calculated by letting N2=1, i.e.,


Table B.2.3B.4-1: The step of phase variation
	Variation Step
	Value (rad/ms)

	

	1.2566×10-3



[bookmark: _Toc21338444][bookmark: _Toc29808552][bookmark: _Toc37068471][bookmark: _Toc37257424][bookmark: _Toc45892555][bookmark: _Toc53176181][bookmark: _Toc61120146][bookmark: _Toc67917362]B.2.4	Two-tap propagation conditions for CQI tests	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): CQI propagation condition
Skip two tap channel
Only keep CQI AWGN requirements.

For Channel Quality Indication (CQI) tests, the following additional multi-path profile is used:





in continuous time representation, with  the delay, a constant value of a andthe Doppler frequency. The same h(t,τ) is used to describe the fading channel between every pair of Tx and Rx.


<<START OF FORTH CHANGE>>

[bookmark: _Toc21338447][bookmark: _Toc29808555][bookmark: _Toc37068474][bookmark: _Toc37084019][bookmark: _Toc37084361][bookmark: _Toc40209723][bookmark: _Toc40210065][bookmark: _Toc45892558][bookmark: _Toc53176184][bookmark: _Toc61120149][bookmark: _Toc67917365][bookmark: _Toc21338448][bookmark: _Toc29808556][bookmark: _Toc37068475][bookmark: _Toc37257428]B.4	Physical signals, channels mapping and precoding
[bookmark: _Toc45892559][bookmark: _Toc53176185][bookmark: _Toc61120150][bookmark: _Toc67917366]B.4.1	General




Unless otherwise stated, the transmission on antenna port(s)  is defined by using a precoder matrix  of size , where is the number of physical transmit antenna elements configured per test ,  is the number of ports for a reference signal or physical channel configured per test, and   is the first port for that reference signal or physical channel as defined in clauses 7.3 and 7.4 in TS 38.211 [9]. This precoder takes as an input a block of signals for antenna port(s) , , , with  being the number of modulation symbols per antenna port including the reference signal symbols, and generates a block of signals  the elements of which are to be mapped onto the frequency-time index pair as per the test configuration but transmitted on different physical antenna elements:



For Clause 6 and 8, the transmission of PDCCH and PDCCH DMRS on antenna port  is defined by using a precoder matrix  of size 2x1. This precoder takes as an input a block of signals for antenna port(s) ,  and generates a block of signals  the elements of which are to be mapped onto the frequency-time index pair as per the test configuration but transmitted on different physical antenna elements:



The precoder matrix is specific to the test case configuration.  is defined in Clause 5.2.2.2 of TS 38.214 [12].
The transimison on PT-RS antenna port is associated (using same precoder) with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.


The physical antenna elements are identified by indices, where  is the number of physical antenna elements configured per test.
Modulation symbols  with  (i.e. PSS, SSS, PBCH and DM-RS for PBCH) are directly mapped to first physical antenna element.

Modulation symbols  for CSI-RS resources which configured for tracking with one port are directly mapped to first physical antenna element.

Modulation symbols  for CSI-RS resources which configured for beam refinement with one port are directly mapped to first physical antenna element.




Modulation symbols  for NZP CSI-RS which configured for CSI acquisition with    are mapped to the physical antenna index  where is the number of NZP CSI-RS ports configured per test.

<<START OF FIFTH CHANGE>>

[bookmark: _Toc21338449][bookmark: _Toc29808557][bookmark: _Toc37068476][bookmark: _Toc37257429][bookmark: _Toc45892560][bookmark: _Toc53176186][bookmark: _Toc61120151][bookmark: _Toc67917367]Annex C (informative):
Downlink physical channels	Comment by Mueller, Axel (Nokia - FR/Paris-Saclay): Basis for test setup (from GtW)
Test setup and performance requirements based on the BS approach assumption, i.e., using a signal generator and assuming unidirectional Uu interface. Flexibility in connection/test setup is allowed by keeping the specified setup informative.
Further work on the texts to specification to align with RF conformance test assumption.

[bookmark: _Toc21338450][bookmark: _Toc29808558][bookmark: _Toc37068477][bookmark: _Toc37257430][bookmark: _Toc45892561][bookmark: _Toc53176187][bookmark: _Toc61120152][bookmark: _Toc67917368]C.1	General
This annex specifies the downlink physical channels that are needed for setting a connection and channels that are needed during a connection.
[bookmark: _Toc21338451][bookmark: _Toc29808559][bookmark: _Toc37068478][bookmark: _Toc37257431][bookmark: _Toc45892562][bookmark: _Toc53176188][bookmark: _Toc61120153][bookmark: _Toc67917369]C.2	Setup (Conducted)
Table C.2-1 describes the downlink Physical Channels that are required for connection set up.
Table C.2-1: Downlink Physical Channels required for connection set-up
	Physical Channel

	PBCH

	SSS 

	PSS

	PDCCH

	PDSCH

	PBCH DMRS

	PDCCH DMRS

	PDSCH DMRS

	CSI-RS 



[bookmark: _Toc21338452][bookmark: _Toc29808560][bookmark: _Toc37068479][bookmark: _Toc37257432][bookmark: _Toc45892563][bookmark: _Toc53176189][bookmark: _Toc61120154][bookmark: _Toc67917370]C.3	Connection (Conducted)
The following clauses, describes the downlink Physical Channels that are transmitted during a connection i.e., when measurements are done.
[bookmark: _Toc21338453][bookmark: _Toc29808561][bookmark: _Toc37068480][bookmark: _Toc37257433][bookmark: _Toc45892564][bookmark: _Toc53176190][bookmark: _Toc61120155][bookmark: _Toc67917371]C.3.1	Measurement of Performance requirements
Table C.3.1-1 is applicable for measurements in which uniform RS-to-EPRE boosting for all downlink physical channels, unless otherwise stated.
Table C.3.1-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)
	Parameter
	Unit
	Value (Note 2)

	SSS transmit power 
	W
	Test specific

	EPRE ratio of PSS to SSS
	dB
	0

	EPRE ratio of PBCH to SSS
	dB
	0

	EPRE ratio of PBCH to PBCH DMRS
	dB
	0

	EPRE ratio of PDCCH to SSS
	dB
	0

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0

	EPRE ratio of PDSCH to SSS
	dB
	0

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	Test specific (Note 1)

	EPRE ratio of NZP CSI-RS to SSS
	dB
	-10*log10(L) (Note 3)

	EPRE ratio of PDSCH OCNG to SSS
	dB
	0

	EPRE ratio of PDCCH OCNG to SSS
	dB
	0

	EPRE ratio of LTE CRS to NR SSS
	dB
	0 (Note 4)

	Note 1:	Value is derived from Table 4.1-1 in TS 38.214 [12] based on "Number of DM-RS CDM groups without data" and "DMRS Type" parameters specified for each test 
Note 2: 	The value is the energy of per RE for a single antenna port before pre-coding.

Note 3:	 is the CDM group size of NZP CSI-RS specified for each test.
Note 4: 	It is only applicable to LTE-NR coexistence tests.



[bookmark: _Toc21338454][bookmark: _Toc29808562][bookmark: _Toc37068481][bookmark: _Toc37257434][bookmark: _Toc45892565][bookmark: _Toc53176191][bookmark: _Toc61120156][bookmark: _Toc67917372]C.4	Setup (Radiated)
Table C.4-1 describes the downlink Physical Channels that are required for connection set up.
Table C.4-1: Downlink Physical Channels required for connection set-up
	Physical Channel

	PBCH

	SSS 

	PSS

	PDCCH

	PDSCH

	PBCH DMRS

	PDCCH DMRS

	PDSCH DMRS

	CSI-RS 

	PTRS



C.5	Connection (Radiated)
The following clauses, describes the downlink Physical Channels that are transmitted during a connection i.e., when measurements are done.
C.5.1	Measurement of Receiver Characteristics
Table C.5.1-1 is applicable for measurements in which uniform RS-to-EPRE boosting for all downlink physical channels, unless otherwise stated.
Table C.5.1-1: Downlink Physical Channels transmitted during a connection (TDD)
	Parameter
	Unit
	Value (Note 2)

	SSS transmit power 
	W
	Test specific

	EPRE ratio of PSS to SSS
	dB
	0

	EPRE ratio of PBCH  to SSS
	dB
	0

	EPRE ratio of PBCH to PBCH DMRS
	dB
	0

	EPRE ratio of PDCCH  to SSS
	dB
	0

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0

	EPRE ratio of PDSCH to SSS
	dB
	0

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	Test specific (Note 1)

	EPRE ratio of NZP CSI-RS to SSS
	dB
	-10*log10(L) (Note 3)

	EPRE ratio of PTRS to PDSCH
	dB
	Test specific (Note 4)

	EPRE ratio of PDSCH OCNG to SSS
	dB
	0

	EPRE ratio of PDCCH OCNG to SSS
	dB
	0

	Note 1:	Value is derived from Table 4.1-1 in TS 38.214 [12] based on "Number of DM-RS CDM groups without data" and "DMRS Type" parameters specified for each test
Note 2:	The value is the energy of per RE for a single antenna port before pre-coding.

Note 3:	 is the CDM group size of NZP CSI-RS specified for each test.
Note 4:	Value is derived from Table 4.1-2 in TS 38.214 [12] based on “The number of PDSCH layers” and “epre-Ratio” parameters specified for each test.
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