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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 DU.
Discussion
	· Detailed scope of BS 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-DU 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.



IAB WI is a Release 16 work item, considering the parallel discussions in other Release 16 WIs, it is reasonable to base on the existing Rel-15 BS performance requirements for IAB-DU performance requirements definition.
Proposal 1: Based on Rel-15 gNB performance requirements to discuss IAB-DU performance requirements definition.
Performance requirements for different mapping type, different propagation conditions, different MCS, different bandwidth and SCS combinations and different PRACH formats were defined for NR Rel-15 gNB, considering the specific character of IAB and test cost, discussion is needed that whether “Follow the principle of” is needed for those configurations. 
From our point of view, if IAB-DU support 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. If we carefully check the existing performance requirements for different mapping type and different bandwidth with the same SCS or different SCS and with the same test configurations, as Table 2-1 and Table 2-2 shows, the performance requirements are almost same, the same performance requirements can be applied for different bandwidth and SCS. Similarly, if we carefully check the existing performance requirements for different DMRS configuration for PUCCH format 3 and 4, as Table 2-3 shows, the performance requirements are almost same, the same performance requirements can be applied for different DMRS configuration.
Table 2-1 SNR for Rel-15 PUSCH requirements
	Cases
	TypeA
	TypeB

	
	15kHz
	30kHz
	15kHz
	30kHz

	Tx
	Rx
	Channel
	5MHz
	10MHz
	20MHz
	10MHz
	20MHz
	40MHz
	100MHz
	5MHz
	10MHz
	20MHz
	10MHz
	20MHz
	40MHz
	100MHz

	1
	2
	TDLB100-400 Low
	-2.3
	-2.5
	-2.1
	-2.3
	-2.9
	-2.5
	-2.8
	-2.3
	-2.3
	-2.1
	-2.4
	-2.9
	-2.5
	-2.5

	
	
	TDLC300-100 Low
	10.1
	10.2
	10
	10.2
	10.2
	10
	10.2
	10.2
	10.5
	10.4
	10.1
	10.1
	10
	10.1

	
	
	TDLA30-10 Low
	12.3
	12.2
	12.4
	12.8
	12.5
	12.4
	13
	12.5
	12.6
	12.3
	12.5
	12.5
	12.5
	13.1

	
	4
	TDLB100-400 Low
	-5.8
	-6
	-5.5
	-5.6
	-6
	-5.8
	-5.8
	-5.7
	-5.7
	-5.7
	-5.7
	-6
	-5.8
	-5.8

	
	
	TDLC300-100 Low
	6.2
	6.3
	6.2
	6.4
	6.4
	6.3
	6.5
	6.3
	6.5
	6.3
	6.4
	6.3
	6.2
	6.3

	
	
	TDLA30-10 Low
	8.8
	8.6
	8.6
	8.6
	8.6
	8.5
	9
	8.9
	8.9
	8.8
	8.6
	8.6
	8.7
	9.2

	
	8
	TDLB100-400 Low
	-8.7
	-8.7
	-8.5
	-8.6
	-8.8
	-8.7
	-8.7
	-8.7
	-9
	-8.5
	-8.8
	-9
	-8.8
	-8.7

	
	
	TDLC300-100 Low
	3
	3.1
	3
	3.3
	3.2
	3.1
	3.2
	3
	3.2
	3.1
	3.2
	3.1
	3
	3.1

	
	
	TDLA30-10 Low
	5.6
	5.5
	5.5
	5.5
	5.5
	5.4
	5.8
	5.7
	5.8
	5.7
	5.6
	5.6
	5.5
	5.9

	2
	2
	TDLB100-400 Low
	1
	1.7
	2.1
	1.3
	1.3
	1.3
	1.4
	1.5
	2
	1.6
	1.1
	1.3
	1.7
	1.6

	
	
	TDLC300-100 Low
	18.2
	18.3
	18.3
	18.4
	18.1
	19.5
	19.2
	18.3
	18.7
	18.1
	18.5
	18.2
	18.7
	19.3

	
	4
	TDLB100-400 Low
	-2.3
	-2
	-1.8
	-2.2
	-2.2
	-2.3
	-2.2
	-2.3
	-2.3
	-2
	-2.5
	-2.3
	-2.1
	-2.2

	
	
	TDLC300-100 Low
	11
	11.2
	11.1
	11.2
	11.3
	11.3
	11.6
	11.1
	11.3
	11.2
	11.3
	11.2
	11.2
	11.6

	
	8
	TDLB100-400 Low
	-5.3
	-5.5
	-5.3
	-5.2
	-5.3
	-5.2
	-5.2
	-5.4
	-5.2
	-5.3
	-5.6
	-5.4
	-5.2
	-5.3

	
	
	TDLC300-100 Low
	6.8
	6.8
	6.9
	7
	6.9
	6.9
	7.1
	6.8
	7
	6.9
	7
	7
	6.9
	7.1



Table 2-2 Span for Rel-15 PUSCH requirements
	Span between typeA and typeB(dB)
	Span between different CBW&SCS(dB)

	15kHz
	30kHz
	

	5MHz
	10MHz
	20MHz
	10MHz
	20MHz
	40MHz
	100MHz
	

	0
	0.2
	0
	0.1
	0
	0
	0.3
	0.8

	0.1
	0.3
	0.4
	0.1
	0.1
	0
	0.1
	0.5

	0.2
	0.4
	0.1
	0.3
	0
	0.1
	0.1
	0.9

	0.1
	0.3
	0.2
	0.1
	0
	0
	0
	0.5

	0.1
	0.2
	0.1
	0
	0.1
	0.1
	0.2
	0.3

	0.1
	0.3
	0.2
	0
	0
	0.2
	0.2
	0.7

	0
	0.3
	0
	0.2
	0.2
	0.1
	0
	0.5

	0
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.3

	0.1
	0.3
	0.2
	0.1
	0.1
	0.1
	0.1
	0.5

	0.5
	0.3
	0.5
	0.2
	0
	0.4
	0.2
	1.1

	0.1
	0.4
	0.2
	0.1
	0.1
	0.8
	0.1
	1.4

	0
	0.3
	0.2
	0.3
	0.1
	0.2
	0
	0.7

	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0
	0.6

	0.1
	0.3
	0
	0.4
	0.1
	0
	0.1
	0.4

	0
	0.2
	0
	0
	-0.1
	0
	0
	0.3



Observation 1: There is negligible performance difference between different mapping type, bandwidth and SCS.
Table 2-3 SNR and Span for Rel-15 PUSCH requirements
	Tx
	Rx
	Channel
	Additional DM-RS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	format 3
	format 4

	
	
	
	
	15kHz
	30kHz
	15kHz
	30kHz

	
	
	
	
	5 MHz
	10 MHz
	20 MHz
	10 MHz
	20 MHz
	40 MHz
	100 MHz
	5 MHz
	10 MHz
	20 MHz
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	TDLC300-100 Low
	No additional DM-RS
	0.2
	1.1
	0.3
	0.9
	0.6
	0.6
	0.9
	1.8
	2.6
	2.2
	3.1
	2.8
	3.1
	2.8

	
	
	
	Additional DM-RS
	-0.1
	0.5
	-0.1
	0.5
	0.3
	0
	0.1
	1.6
	2.4
	1.8
	2.8
	2.3
	3.1
	2.2

	
	
	
	SPAN
	0.3
	0.6
	0.4
	0.4
	0.3
	0.6
	0.8
	0.2
	0.2
	0.4
	0.3
	0.5
	0
	0.6

	
	4
	TDLC300-100 Low
	No additional DM-RS
	-3.8
	-3.3
	-3.8
	-3.1
	-3.4
	-3.2
	-3.5
	-2.3
	-1.9
	-2.2
	-1.7
	-1.9
	-1.7
	-2.1

	
	
	
	Additional DM-RS
	-4.3
	-4
	-4
	-3.7
	-4.1
	-4
	-4.2
	-2.9
	-2.6
	-2.7
	-2
	-2.5
	-2.5
	-2.4

	
	
	
	SPAN
	0.5
	0.7
	0.2
	0.6
	0.7
	0.8
	0.7
	0.6
	0.7
	0.5
	0.3
	0.6
	0.8
	0.3

	
	8
	TDLC300-100 Low
	No additional DM-RS
	-7
	-6.7
	-6.9
	-6.6
	-6.7
	-6.8
	-6.8
	-5.9
	-5.7
	-5.8
	-5.6
	-5.5
	-5.5
	-5.5

	
	
	
	Additional DM-RS
	-7.7
	-7.5
	-7.7
	-7.5
	-7.6
	-7.6
	-7.7
	-6.6
	-6.4
	-6.3
	-6.2
	-6.1
	-6.4
	-6.2

	
	
	
	SPAN
	0.7
	0.8
	0.8
	0.9
	0.9
	0.8
	0.9
	0.7
	0.7
	0.5
	0.6
	0.6
	0.9
	0.7



Observation 2: There is negligible difference between different DM-RS configuration for PUCCH format 3 and 4.
Considering the typical deployment scenario for IAB and almost LOS propagation conditions between IAB-DU and IAB-MT, just focus on cases with short delay spread and lower Doppler frequency is enough, i.e. just keep TDLA30-10 Low and skip cases with TDLB100-400 Low, TDLC300-100 Low and multi-slot PUCCH. Performance requirements for several PRACH formats are defined as per the proposals from companies during Rel-15 discussion, like did for HST, we propose to further down select those PRACH formats for IAB-DU. Also we do not think CA should be considered for IAB-DU. Currently there are performance requirements for 2Rx, 4Rx and 8Rx for FR1, 8Rx is usually widely supported by BS, we think that it is enough to only test 8Rx related for IAB-DU. Finally if still several different configurations for one feature performance, similar test applicability rules defined for Rel-15 gNB can be reused.
Proposal 2: Follow the principle stated above, further down select the cases: 
· Skip PUSCH cases with QPSK and 16QAM
· Define performance requirements with mapping type, bandwidth and SCS agnostic
· Define performance requirements with DMRS configuration agnostic for PUCCH format 3 and 4
· Skip cases with TDLB100-400 Low and TDLC300-100 Low for FR1 and TDLA30-300 Low for FR2. If there is no cases with other propagation conditions, replace the propagation conditions to TDLA30-10 Low for FR1 and TDLA30-75 Low for FR2.
· Skip cases for multi-slot PUCCH.
· Only keep format 0 with 1.25kHz SCS and C2 with 30kHz and 120kHz SCS for PRACH performance requirements
· Skip performance requirements for CA
· Only keep 8Rx related performance requirements for FR1
Proposal 3: Reuse applicability rule for IAB-DU defined for BS in TS 38.141-1 and TS 38.141-2 if possible.
The overview of requirements is shown below in Table 2-4 and Table 2-5 as per latest specification TS 38.104[2].
Proposal 4: Define NR IAB DU performance requirements as per overview in Table 2-4 and 2-5 for FR1 and FR2 respectively.
Table 2-4 Overview for conducted and radiated test for FR1
	Demodulation performance requirements
	Parameters for test setup
	Re-use
	Adapt
	Follow the principle of

	PUSCH with transform precoding disabled
	Antenna configuration
	1x2, 1x4, 1x8; 2x2, 2x4, 2x8
	-
	-
	Antenna configuration: 1x8, 2x8
channel model: TDLA30-10 Low
MCS: 19
CBW&SCS: agnostic
Resource mapping: agnostic

	
	Channel model
	TDLB100-400 Low, TDLC300-100 Low, TDLA30-10 Low
	
	
	

	
	MCS
	2, 16, 19
	
	
	

	
	CBW&SCS
	5, 10, 20MHz for 15kHz SCS; 10, 20, 40, 100MHz for 30kHz SCS
	
	
	

	
	Resource mapping
	Type A, Type B
	
	
	

	
	Additional DM-RS position
	pos1
	
	
	

	
	Test metric
	70% of maximum TP
	
	
	

	PUSCH with transform precoding enabled
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	-

	
	Channel model
	TDLB100-400 Low
	
	
	

	
	MCS
	2
	
	
	

	
	CBW&SCS
	5MHz for 15kHz SCS; 10MHz for 30kHz SCS
	
	
	

	
	Resource mapping
	Type A, Type B
	
	
	

	
	Additional DM-RS position
	pos1
	
	
	

	
	Test metric
	70% of maximum TP
	
	
	

	UCI multiplexed on PUSCH
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-10 Low
MCS: 19
CBW&SCS: agnostic
Resource mapping: agnostic

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	MCS
	16
	
	
	

	
	CBW&SCS
	10MHz for 30kHz SCS
	
	
	

	
	Resource mapping
	Type A, Type B
	
	
	

	
	Additional DM-RS position
	pos1
	
	
	

	
	Test metric
	0.1%, 1% of BLER for CSI part 1, 2 respectively
	
	
	

	PUCCH format 0
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	Antenna configuration: 1x8
channel model: TDLA30-10 Low
CBW&SCS: agnostic
Resource mapping: agnostic

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	CBW&SCS
	5, 10, 20MHz for 15kHz SCS; 10, 20, 40, 100MHz for 30kHz SCS
	
	
	

	
	Test metric
	1% of ACK missed detection probability, 1% of DTX to ACK probability
	
	
	

	PUCCH format 1
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	Antenna configuration: 1x8
channel model: TDLA30-10 Low
CBW&SCS: agnostic

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	CBW&SCS
	5, 10, 20MHz for 15kHz SCS; 10, 20, 40, 100MHz for 30kHz SCS
	
	
	

	
	Test metric
	0.1% of NACK to ACK probability, 1% of ACK missed detection probability, 1% of DTX to ACK probability
	
	
	

	PUCCH format 2
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	Antenna configuration: 1x8
channel model: TDLA30-10 Low
CBW&SCS: agnostic

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	CBW&SCS
	5, 10, 20MHz for 15kHz SCS; 10, 20, 40, 100MHz for 30kHz SCS
	
	
	

	
	Test metric
	1% of ACK missed detection probability, 1% of BLER, 1% of DTX to ACK probability
	
	
	

	PUCCH format 3
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	Antenna configuration: 1x8
channel model: TDLA30-10 Low
CBW&SCS: agnostic

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	CBW&SCS
	5, 10, 20MHz for 15kHz SCS; 10, 20, 40, 100MHz for 30kHz SCS
	
	
	

	
	Test metric
	1% of BLER, 1% of DTX to ACK probability
	
	
	

	PUCCH format 4
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	Antenna configuration: 1x8
channel model: TDLA30-10 Low
CBW&SCS: agnostic

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	CBW&SCS
	5, 10, 20MHz for 15kHz SCS; 10, 20, 40, 100MHz for 30kHz SCS
	
	
	

	
	Test metric
	1% of BLER, 1% of DTX to ACK probability
	
	
	

	Multi-slot PUCCH format 1
	Antenna configuration
	1x2
	-
	-
	-

	
	Channel model
	TDLC300-100 Low
	
	
	

	
	CBW&SCS
	40MHz for 30kHz SCS
	
	
	

	
	Test metric
	0.1% of NACK to ACK probability, 1% of ACK missed detection probability, 1% of DTX to ACK probability
	
	
	

	PRACH
	Antenna configuration
	1x2, 1x4, 1x8
	-
	-
	Antenna configuration: 1x8
channel model: TDLA30-10 Low with 400Hz FO
Burst format &SCS: 0 for 1.25kHz SCS, C2 for 30kHz SCS

	
	Channel model
	AWGN, TDLC300-100 Low with 400Hz FO
	
	
	

	
	Burst format &SCS
	0 for 1.25kHz SCS; A1, A2, A3, B4, C0, C2 for 15kHz SCS and 30kHz SCS
	
	
	

	
	Test metric
	99% of detection probability, 0.1% of false alarm probability
	
	
	



Table 2-5 Overview for radiated test for FR2
	Demodulation performance requirements
	Parameters for test setup
	Re-use
	Adapt
	Follow the principle of

	PUSCH with transform precoding disabled
	Antenna configuration
	1x2, 2x2
	-
	-
	Antenna configuration: 1x2, 2x2
channel model: TDLA30-75 Low
MCS: 19
CBW&SCS: agnostic
Resource mapping: agnostic

	
	Channel model
	TDLA30-300 Low, TDLA30-75 Low
	
	
	

	
	MCS
	2, 16, 19
	
	
	

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

	
	Resource mapping
	Type B
	
	
	

	
	Additional DM-RS position
	pos0, pos1
	
	
	

	
	Test metric
	70% of maximum TP
	
	
	

	PUSCH with transform precoding enabled
	Antenna configuration
	1x2
	-
	-
	-

	
	Channel model
	TDLA30-300 Low
	
	
	

	
	MCS
	2
	
	
	

	
	CBW&SCS
	50MHz for 60kHz SCS; 50MHz for 120kHz SCS
	
	
	

	
	Resource mapping
	Type B
	
	
	

	
	Additional DM-RS position
	pos0, pos1
	
	
	

	
	Test metric
	70% of maximum TP
	
	
	

	UCI multiplexed on PUSCH
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low
MCS: 19
CBW&SCS: agnostic
Resource mapping: agnostic

	
	Channel model
	TDLA30-300 Low
	
	
	

	
	MCS
	16
	
	
	

	
	CBW&SCS
	50MHz for 120kHz SCS
	
	
	

	
	Resource mapping
	Type B
	
	
	

	
	Additional DM-RS position
	pos0, pos1
	
	
	

	
	Test metric
	0.1%, 1% of BLER for CSI part 1, 2 respectively
	
	
	

	PUCCH format 0
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low
CBW&SCS: agnostic

	
	Channel model
	TDLA30-300 Low
	
	
	

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

	
	Test metric
	1% of ACK missed detection probability, 1% of DTX to ACK probability
	
	
	

	PUCCH format 1
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low
CBW&SCS: agnostic

	
	Channel model
	TDLA30-300 Low
	
	
	

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

	
	Test metric
	0.1% of NACK to ACK probability, 1% of ACK missed detection probability, 1% of DTX to ACK probability
	
	
	

	PUCCH format 2
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low
CBW&SCS: agnostic

	
	Channel model
	TDLA30-300 Low
	
	
	

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

	
	Test metric
	1% of ACK missed detection probability, 1% of BLER, 1% of DTX to ACK probability
	
	
	

	PUCCH format 3
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low
CBW&SCS: agnostic

	
	Channel model
	TDLA30-300 Low
	
	
	

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

	
	Test metric
	1% of BLER, 1% of DTX to ACK probability
	
	
	

	PUCCH format 4
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low
CBW&SCS: agnostic

	
	Channel model
	TDLA30-300 Low
	
	
	

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

	
	Test metric
	1% of BLER, 1% of DTX to ACK probability
	
	
	

	PRACH
	Antenna configuration
	1x2
	-
	-
	Antenna configuration: 1x2
channel model: TDLA30-75 Low with 4000Hz FO
Burst format &SCS: C2 for 120kHz SCS
CBW&SCS: agnostic

	
	Channel model
	AWGN, TDLA30-300 Low with 4000Hz FO
	
	
	

	
	Burst format &SCS
	A1, A2, A3, B4, C0, C2 for 60kHz SCS; A1, A2, A3, B4, C0, C2 for 120kHz SCS
	
	
	

	
	Test metric
	99% of detection probability, 0.1% of false alarm probability
	
	
	



Proposals
In this contribution, we discuss on NR IAB DU demodulation performance. Our observations and proposals are:
Observation 1: There is negligible performance difference between different mapping type, bandwidth and SCS.
Observation 2: There is negligible difference between different DM-RS configuration for PUCCH format 3 and 4.
Proposal 1: Based on Rel-15 gNB performance requirements to discuss IAB-DU performance requirements definition.
Proposal 2: Follow the principle stated above, further down select the cases: 
· Skip PUSCH cases with QPSK and 16QAM
· Define performance requirements with mapping type, bandwidth and SCS agnostic
· Define performance requirements with DMRS configuration agnostic for PUCCH format 3 and 4
· Skip cases with TDLB100-400 Low and TDLC300-100 Low for FR1 and TDLA30-300 Low for FR2. If there is no cases with other propagation conditions, replace the propagation conditions to TDLA30-10 Low for FR1 and TDLA30-75 Low for FR2.
· Skip cases for HST and multi-slot PUCCH.
· Only keep format 0 with 1.25kHz SCS and C2 with 30kHz and 120kHz SCS for PRACH performance requirements
· Skip performance requirements for CA
Proposal 3: Reuse applicability rule for IAB-DU defined for BS in TS 38.141-1 and TS 38.141-2 if possible.
Proposal 4: Define NR IAB DU performance requirements as per overview in Table 2-4 and 2.-5 for FR1 and FR2 respectively.
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