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Background
During RAN4#96-e meeting, way forward [1] for NR IAB demodulation requirements was approved. In this contribution, we share our views about the demodulation requirements for NR IAB MT.
Discussion
Test setup
	· New test setup
· Option 1: Re-use the BS demod test setup for both OTA and conducted, with minimum required adaptation.
· Option 2: Design test setups by disabling IAB DU functionality during the test in order to reuse the existing UE performance requirements (demodulation and CSI) to verify IAB MT performance.
· Option 3: Distinction between the test setups might not be necessary for test setup agnostic requirements.
· Feasibility of BS demod based test setup: 
· Evaluate for next meeting, if the BS demod based test setup is feasible to be applied to IAB-MT testing.
· I.e., is one way or two-way connection needed?
· I.e., "full link setup" vs. "test mode and digital feedback" vs. other solutions.
· Feasibility of BS demod based test setup:
· Evaluate for next meeting, if/how it is possible to reduce the UE demod based test and test setup complexity, when applied to IAB-MT testing.



Currently, there are many WIs still under discussion for Rel-16 performance requirements. Considering that Rel-15 is the first version of NR and provides baseline features, in our view, IAB MT performance requirements should be defined based on Rel-15 UE performance requirements defined in TS 38.101-4.
Proposal 1: Define IAB MT performance requirements based on Rel-15 UE performance requirements.
As per current specifications, the determination of which cases are applicable for test is based on test applicability definition, but the test applicability for UE performance requirements are based on UE capability reporting while BS performance requirements are based on manufacturer’s declarations. Generally, UE may suffer from different scenarios but IAB-MT device is more typically used in some certain scenarios, more tests targeting for different scenarios should be performed for UE comparing to IAB-MT. There are several IAB types defined as 1-H, 1-O and 2-O and two IAB-MT classes defined as Wide Area and Local Area, corresponding test applicability rules need to be defined for different IAB types can classes similar as the gNB.
Proposal 2: Test applicability rules need to be defined for different IAB-MT types and classes.
The big differences between performance requirements defined for gNB and UE in NR Rel-15 are:
· Performance for different number of HARQ process configuration
· gNB: No specific number of HARQ process configuration, it is configurable or decided by TE during the test
· UE: Specific number of HARQ process configuration for different cases.
· Performance for FDD and TDD with different TDD UL-DL patterns
· gNB: Same requirements for FDD and TDD with different TDD UL-DL patterns, no K2 configuration 
· UE: Different requirements for FDD and TDD with different TDD UL-DL patterns with different K1 value
· Some UE specific test configurations
· PRB bundling size, PDCCH configuration, CSI-RS, TRS etc.
For UE performance requirements with different number of HARQ process, RAN4 did simulation campaign during CA performance requirements discussion, it is concluded that negligible performance difference for one cell acting as PCell or SCell with different number of HARQ processes [2], also RAN4 did some investigations during NR Rel-15 performance requirements definition, small performance difference was observed. At the same time, if we compare the existing performance requirements in TS 38.101-4 with different number of HARQ processes, small performance difference can be observed:
Table 5.2.2.1.1-3: Minimum performance for Rank 1(FDD)
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x2, ULA Low
	70
	-0.8

	1-2
	R.PDSCH.1-1.2 FDD
	10 / 15
	QPSK, 0.30
	TDLC300-100
	2x2, ULA Low
	70
	0.2

	1-3
	R.PDSCH.1-4.1 FDD
	10 / 15
	256QAM, 0.82
	TDLA30-10
	2x2, ULA Low
	70
	24.6

	1-4
	R.PDSCH.1-2.1 FDD
	10 / 15
	16QAM, 0.48
	TDLC300-100
	2x2, ULA Low
	30
	1.1

	1-5
	R.PDSCH.1-8.1 FDD
	10 / 15
	16QAM, 0.48
	HST-750
	1x2
	70
	6.2



Table 5.2.2.2.1-3: Minimum performance for Rank 1 (TDD)
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.2-1.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-1A
	TDLB100-400
	2x2, ULA Low
	70
	-1.1

	1-2
	R.PDSCH.2-1.2 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-1
	TDLC300-100
	2x2, ULA Low
	70
	0.2

	1-3
	R.PDSCH.2-4.1 TDD
	40 / 30
	256QAM, 0.82
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	25.3

	1-4
	R.PDSCH.2-2.1 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	TDLC300-100
	2x2, ULA Low
	30
	1.6

	1-5
	R.PDSCH.2-5.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-2
	TDLA30-10
	2x2, ULA Low
	70
	-0.9

	1-6
	R.PDSCH.2-6.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-3
	TDLA30-10
	2x2, ULA Low
	70
	-0.8

	1-7
	R.PDSCH.2-10.1 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	HST-1000
	1x2
	70
	6.4

	1-8
	R.PDSCH.2-11.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-5
	TDLB100-400
	2x2, ULA Low
	70
	-1.0

	1-9
	R.PDSCH.2-12.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-6
	TDLB100-400
	2x2, ULA Low
	70
	-1.1



If we compare Table 5.2.2.1.1-3 for FDD and Table 5.2.2.2.1-3 for TDD with similar test configurations, such as Test 1-1 ~ Test 1-4, Test 1-5 vs Test 1-7, small performance difference can be observed for FDD and TDD, also 4 and 8 HARQ processes, 10MHz/15kHz CBW/SCS for FDD cases while 8 and 16 HARQ processes, 40MHz/30kHz CBW/SCS for TDD cases, i.e. same performance requirements can be applied for between FDD and TDD, between cases with different number of HARQ processes and different CBW/SCS. Also for cases, e.g. Test 1-5 vs Test 1-6 and Test 1-8 vs Test 1-9 for different TDD UL-DL patterns, almost same performance requirements.
Table 5.2.2.1.1-4: Minimum performance for Rank 2
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	70
	19.4

	2-2
	R.PDSCH.2-1.1 FDD
	20 / 30
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	70
	19.7



Table 5.2.2.2.1-4: Minimum performance for Rank 2
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.2-3.1 TDD
	40 / 30
	64QAM, 0.50
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	19.8

	2-2
	R.PDSCH.2-9.1 TDD
	20 / 30
	64QAM, 0.50
	FR1.30-4
	TDLA30-10
	2x2, ULA Low
	70
	19.8



Similarly for Test 2-1 and Test 2-2 with Rank 2 shown in Table 5.2.2.1.1-4 vs Table 5.2.2.2.1-4 for FDD and TDD respectively, for cases with 4 and 8 HARQ processes with different CBW/SCS, Test 2-1 and Test 2-2 in Table 5.2.2.2.1-4 for TDD with different UL-DL patterns, almost same performance requirements can be observed.
Proposal 3: There is no need to configure specific number of HARQ process and CBW/SCS, same performance requirements can be applied for different TDD UL-DL patterns and different CBW/SCS.
For UE specific test configurations that are related to the rate matching, such as SSB, PDCCH configuration, PTRS, TRS, ZP/NZP CSI-RS configurations can be kept, but other test configurations, such as number of HARQ process, k0 and k1, TDD UL-DL pattern and etc., can be ignored.
Proposal 4: Test configurations that are related to rate matching can be kept, others can be ignored, such as number of HARQ process, k0 and k1, TDD UL-DL pattern and etc.
In our view, IAB specified in Rel-16 is mainly for low mobility scenario. So to simplify the test complexity, the tests with relative higher Doppler spread seem unnecessary, such as TDLB100-400 Low cases, TDLC300-100 Low cases, HST cases for FR1 and TDLC60-300 cases, TDLA30-300 cases for FR2.
Proposal 5: Skip test cases that are related to high speed scenario such as cases with TDLB100-400 Low, TDLC300-100 Low, HST for FR1 and TDLC60-300 Low, TDLA30-300 Low for FR2.
For IAB-MT supports different CBW&SCS, the supported largest bandwidth can be selected for testing similarly as did for gNB:
	Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth.



Proposal 6: Define test applicability rule for IAB-MT supporting different CBW&SCS.
From our point of view, if IAB node supports higher modulation order, such as 64QAM, it supports low modulation order QPSK and 16QAM, thus only keep the performance requirements for the highest modulation order is enough. For antenna configuration, there are 2Rx and 4Rx defined for FR1. Considering 4Rx is more typically used, to reduce the number of test, it is reasonable to only keep 4Rx requirements for FR1. NR Rel-15 defined very limited number of test cases for PRB bundling size 4 and WB, the default PRB bundling size 2 is used for most cases, also to reduce the number of test case, test cases with PRB bundling size 2 can be kept, others can be skipped. For cases designed for mandatory with UE capability features, it is better not include them in the first IAB-MT performance requirements version, such as 256QAM, PDSCH mapping Type B.
PDCCH performance requirements for different AL 2, 4, 8 and 16 are defined, but the number of PDCCH candidates is 1 for all PDCCH test cases, no essential difference from demodulation implementation point of view, only one AL configuration for IAB-MT PDCCH performance requirements is enough, such as AL 8.
Both periodic and aperiodic configuration for NZP CSI-RS resource Type are included in the existing CQI/PMI/RI reporting cases, but same NZP CSI-RS resource allocation and CSI-RS measurement periodicity, to reduce test complexity, only periodic configuration is enough. For test configuration of CQI reporting granularity, wideband CQI reporting is configured for most FR1 cases and all FR2 cases, only one sub-band CQI reporting is defined for FR1, to reduce the number of test cases, it is reasonable to only cover wideband CQI reporting granularity. 
Also for our understanding, it is not needed for some special test purpose cases for PDSCH, such as HARQ soft combining, Enhanced Receiver Type 1, CSI-RS overlapped with PDSCH, LTE-NR coexistence and SDR.
[bookmark: OLE_LINK20]Proposal 7: Only keep PDSCH cases with 64QAM.
Proposal 8: Only keep 4Rx requirements for FR1.
Proposal 9: Only keep requirements with PRB bundling size 2.
Proposal 10: Only keep PDSCH performance requirements for mapping Type-A
Proposal 11: Only keep PDCCH performance requirements with AL 8
Proposal 12: Only keep periodic NZP CSI-RS resource type for CQI/PMI/RI reporting cases
Proposal 13: Only keep wideband CQI reporting granularity for CQI/PMI/RI reporting cases
Proposal 14: Skip PDSCH cases that for HARQ soft combining, Enhanced Receiver Type 1, CSI-RS overlapped with PDSCH, LTE-NR coexistence and SDR.
Detail test scope
	· Detailed scope of UE demod requirement re-use
· Option 1: Requirement matrix.
A matrix is made of all current requirements is to be created and then a decision made on which are applicable for IAB-MT and which are not.
· Option 2: Not is scope for this meeting.
· Recommended WF: All participants are invited to provide a first overview of requirements to re-use/adapt/follow the principle of, for the next meeting.



Proposal 15: Define NR IAB MT performance requirements as per overview in Table 2.2-1 and 2.2-2 for FR1 and FR2 respectively.
Table 2.2-1 Overview for Rel-15 conducted test for FR1
	Demodulation performance requirements
	Parameters for test setup
	Re-use
	Adapt
	Follow the principle of

	PDSCH
	Antenna configuration
	1x2, 2x2 ULA Low, 2x2 ULA Medium, 4x2 ULA Low, 1x4, 2x4 ULA Low, 4x4 ULA Low, 4x4 ULA Medium A
	-
	-
	Antenna configuration: 2x4 ULA Low
Channel model: TDLA30-10 Low
MCS: 19
CBW&SCS: agnostic
Resource mapping: Type A

	
	Channel model
	TDLB100-400 Low, TDLC300-100 Low, TDLA30-10 Low, HST-750, HST-1000
	
	
	

	
	MCS
	4, 13, 19, 24(Table2)
	
	
	

	
	CBW&SCS
	10MHz for 15kHz SCS; 20, 40MHz for 30kHz SCS
	
	
	

	
	Resource mapping
	Type A, Type B
	
	
	

	
	Special purpose
	HARQ soft combining, Enhanced Receiver Type 1, CSI-RS overlapped with PDSCH, LTE-NR coexistence
	
	
	

	
	Test metric
	70%, 30% of maximum TP
	
	
	

	PDCCH
	Antenna configuration
	1x2 Low, 2x2 Low, 1x4 Low, 1x4 Medium A, 2x4 Low
	-
	-
	Antenna configuration: 2x4 Low
Channel model: TDLA30-10 Low
CBW&SCS: agnostic
Aggregation level: 8

	
	Channel model
	TDLA30-10 Low, TDLC300-100 Low
	
	
	

	
	CBW&SCS
	10MHz for 15kHz SCS; 40MHz for 30kHz SCS
	
	
	

	
	Aggregation level
	2, 4, 8, 16
	
	
	

	
	DCI Format
	1_0, 1_1
	
	
	

	
	Test metric
	1% of Pm-dsg
	
	
	

	PBCH
	Antenna configuration
	1 x 2 Low, 1x4 Low
	-
	-
	Antenna configuration: 1x4 Low 
Channel model: TDLA30-10 Low
CBW&SCS: agnostic

	
	Channel model
	TDLC300-100 Low, TDLA30-10 Low
	
	
	

	
	CBW&SCS
	10MHz for 15kHz SCS; 40MHz for 30kHz SCS
	
	
	

	
	Test metric
	1% of Pm-bch
	
	
	

	SDR
	Test metric
	85% of TB success rate
	-
	-
	-

	CQI
	Antenna configuration
	2x2 Static, 2x2 ULA High, 2x4 Static, 2x4 XP High
	-
	-
	Antenna configuration: 2x4 Static, 2x4 XP High
Channel model: AWGN, TDLA30-5 Low
CBW&SCS: agnostic
CQI reporting: wideband
CSI-RS resource Type: periodic
ReportConfigType: periodic

	
	Channel model
	AWGN, TDLA30-5 Low , Two tap
	
	
	

	
	CBW&SCS
	10MHz for 15kHz SCS; 40MHz for 30kHz SCS
	
	
	

	
	CQI reporting
	wideband, subband
	
	
	

	
	CSI-RS resource Type
	periodic
	
	
	

	
	ReportConfigType
	periodic, aperiodic
	
	
	

	PMI
	Antenna configuration
	4x2 XP High, 8x2 XP High, 4x4 XP High, 8x4 XP High
	-
	-
	Antenna configuration: 4x4 XP High, 8x4 XP High
Channel model: TDLA30-5 Low
CBW&SCS: agnostic
PMI reporting: wideband
CSI-RS resource Type: periodic
ReportConfigType: periodic

	
	Channel model
	TDLA30-5 Low
	
	
	

	
	CBW&SCS
	10MHz for 15kHz SCS; 40MHz for 30kHz SCS
	
	
	

	
	PMI reporting
	wideband
	
	
	

	
	CSI-RS resource Type
	periodic, aperiodic
	
	
	

	
	ReportConfigType
	aperiodic
	
	
	

	RI
	Antenna configuration
	2x2 ULA Low, 2x2 ULA High, 2x4 ULA Low, 2x4 ULA High, 4x4 ULA Low
	-
	-
	Antenna configuration: 2x4 ULA Low, 4x4 ULA Low
Channel model: TDLA30-5 Low
CBW&SCS: agnostic
CSI-RS resource Type: periodic
ReportConfigType: periodic

	
	Channel model
	TDLA30-5 Low
	
	
	

	
	CBW&SCS
	10MHz for 15kHz SCS; 40MHz for 30kHz SCS
	
	
	

	
	CSI-RS resource Type
	periodic
	
	
	

	
	ReportConfigType
	periodic
	
	
	



Table 2.2-2 Overview for Rel-15 radiated test for FR2
	Demodulation performance requirements
	Parameters for test setup
	Re-use
	Adapt
	Follow the principle of

	PDSCH
	Antenna configuration
	2x2 ULA Low, 2x2 XPL Medium, 2x2 ULA Medium
	-
	-
	Antenna configuration: 2x2 ULA Low
Channel model: TDLA30-75 Low
MCS: 19
CBW&SCS: agnostic
Resource mapping: agnostic

	
	Channel model
	TDLC60-300 Low, TDLA30-300 Low, TDLA30-75 Low
	
	
	

	
	MCS
	4, 13, 17, 18
	
	
	

	
	CBW&SCS
	50MHz for 60kHz SCS; 50, 100, 200MHz for 120kHz SCS
	
	
	

	
	Resource mapping
	Type A
	
	
	

	
	Special purpose
	HARQ soft combining, Enhanced Receiver Type 1
	
	
	

	
	Test metric
	70%, 30% of maximum TP
	
	
	

	PDCCH
	Antenna configuration
	1x2 Low, 2x2 Low
	-
	-
	Antenna configuration: 2x2 Low
Channel model: TDLA30-75 Low
CBW&SCS: agnostic
Aggregation level: 8

	
	Channel model
	TDLA30-75 Low, TDLA30-300 Low
	
	
	

	
	CBW&SCS
	100MHz for 120kHz SCS
	
	
	

	
	Aggregation level
	2, 4, 8, 16
	
	
	

	
	DCI Format
	1_0, 1_1
	
	
	

	
	Test metric
	1% of Pm-dsg
	
	
	

	PBCH
	Antenna configuration
	1 x 2 Low
	-
	-
	Antenna configuration: 1x2 Low 
Channel model: TDLA30-75 Low
CBW&SCS: agnostic

	
	Channel model
	TDLA30-75 Low, TDLA30-300 Low
	
	
	

	
	CBW&SCS
	100MHz for 120kHz SCS; 100MHz for 240kHz SCS
	
	
	

	
	Test metric
	1% of Pm-bch
	
	
	

	SDR
	Test metric
	85% of TB success rate
	-
	-
	-

	CQI
	Antenna configuration
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]2x2 Static, 2x2 ULA High
	-
	-
	Antenna configuration: 2x2 Static, 2x2 ULA High
Channel model: AWGN, TDLA30-35 Low
CBW&SCS: agnostic
CQI reporting: wideband
CSI-RS resource Type: periodic
ReportConfigType: periodic

	
	Channel model
	AWGN, TDLA30-35 Low
	
	
	

	
	CBW&SCS
	100MHz for 120kHz SCS
	
	
	

	
	CQI reporting
	wideband
	
	
	

	
	CSI-RS resource Type
	periodic, aperiodic
	
	
	

	
	ReportConfigType
	periodic, aperiodic
	
	
	

	PMI
	Antenna configuration
	2x2 ULA Low
	-
	-
	Antenna configuration: 2x2 ULA Low
Channel model: TDLA30-35 Low
CBW&SCS: agnostic
PMI reporting: wideband
CSI-RS resource Type: periodic
ReportConfigType: periodic

	
	Channel model
	TDLA30-35 Low
	
	
	

	
	CBW&SCS
	100MHz for 120kHz SCS
	
	
	

	
	PMI reporting
	wideband
	
	
	

	
	CSI-RS resource Type
	periodic, aperiodic
	
	
	

	
	ReportConfigType
	aperiodic
	
	
	

	RI
	Antenna configuration
	2x2 ULA Low, 2x2 XP High
	-
	-
	Antenna configuration: 2x2 ULA Low
Channel model: TDLA30-35 Low
CBW&SCS: agnostic
CSI-RS resource Type: periodic
ReportConfigType: periodic

	
	Channel model
	TDLA30-35 Low
	
	
	

	
	CBW&SCS
	100MHz for 120kHz SCS
	
	
	

	
	CSI-RS resource Type
	periodic, aperiodic
	
	
	

	
	ReportConfigType
	aperiodic
	
	
	



Proposals
In this contribution, we discuss on NR IAB MT demodulation performance. Our observations and proposals are:
Proposal 1: Define IAB MT performance requirements based on Rel-15 UE performance requirements.
Proposal 2: Test applicability rules need to be defined for different IAB-MT types and classes.
Proposal 3: There is no need to configure specific number of HARQ process and CBW/SCS, same performance requirements can be applied for different TDD UL-DL patterns and different CBW/SCS.
Proposal 4: Test configurations that are related to rate matching can be kept, others can be ignored, such as number of HARQ process, k0 and k1, TDD UL-DL pattern and etc.
Proposal 5: Skip test cases that are related to high speed scenario such as cases with TDLB100-400 Low, TDLC300-100 Low, HST for FR1 and TDLC60-300 Low, TDLA30-300 Low for FR2.
Proposal 6: Define test applicability rule for IAB-MT supporting different CBW&SCS.
Proposal 7: Only keep PDSCH cases with 64QAM.
Proposal 8: Only keep 4Rx requirements for FR1.
Proposal 9: Only keep requirements with PRB bundling size 2.
Proposal 10: Only keep PDSCH performance requirements for mapping Type-A
Proposal 11: Only keep PDCCH performance requirements with AL 8
Proposal 12: Only keep periodic NZP CSI-RS resource type for CQI/PMI/RI reporting cases
Proposal 13: Only keep wideband CQI reporting granularity for CQI/PMI/RI reporting cases
Proposal 14: Skip PDSCH cases that for HARQ soft combining, Enhanced Receiver Type 1, CSI-RS overlapped with PDSCH, LTE-NR coexistence and SDR.
Proposal 15: Define NR IAB MT performance requirements as per overview in Table 2.2-1 and 2.2-2 for FR1 and FR2 respectively.
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