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Introduction
In the RAN4 #96-e meeting, WF on work scope and general assumptions for NR V2X demodulation performance was agreed [1].
In this paper we provide our view on V2X multiple link requirements.
Discussion
PSCCH/PSSCH decoding capability
Based on TS 38.306, the following capability is defined for multiple PSCCH reception
	-	pscch-RxSidelink, which indicates the number of PSCCH that the supports for reception in a slot. Value value1 corresponds to floor (NRB /10 RBs), value2 corresponds to 2*floor (NRB /10 RBs);


In Figure 1 we provide the example of PSCCH/PSSCH mapping for testing of different capabilities for 20 MHz CBW and 30 kHz SCS (i.e. NRB = 51).
	pscch-RxSidelink = floor(NRB /10 RBs)
	pscch-RxSidelink = 2*floor(NRB /10 RBs)

	
	

	[bookmark: _Ref54286631]Figure 1. PSCCH/PSSCH mapping for decoding capability test


From this figure we can observe that to verify 2*floor (NRB /10 RBs) capability we need to configure at least 2 TX UEs per sub-channel and verify that UE can detect and decode both UEs per sub-channel. Such scenario is different from LTE V2X case and require more discussion on test design to make proper verification.
Based on TS 36.101, LTE V2X PSCCH/PSSCH decoding capability tests are defined for QPSK modulation and under static conditions without external noise, because the purpose of this test is just to ensure that UE is capable to decode all received PSCCH. Also, the test metric is 1% probability of missed PSCCH.
In Table 1 we provide our initial view on PSCCH/PSSCH decoding capability test configuration to verify floor(NRB /10 RBs) capability.
[bookmark: _Ref54288567]Table 1. Example of PSCCH/PSSCH decoding capability test
	Parameter
	Unit
	value

	Channel bandwidth
	MHz
	20

	Subcarrier spacing
	kHz
	30

	Communication resource pool configuration
	 
	5 subchannels, 10 RB subchannel size

	Sidelink UE i,
0 ≤ i ≤ 4 (Note 4)
	Sidelink Transmissions
	 
	PSCCH + PSSCH

	
	Timing offset (Note 1)
	s
	0

	
	Frequency offset (Note 2)
	Hz
	0

	
	Synchronization source
	 
	GNSS 

	
	Propagation Channel
	 
	Static propagation condition
No external noise sources are applied

	
	Antenna configuration
	 
	1x2

	
	PSSCH RMC
	 
	MCS 4, 10RB

	
	PSCCH RMC
	
	SCI payload 30 bits

	 Target requirement
	SNR @ PSCCH BLER 1%

	Note 1: Time offset of Sidelink UE received signal with respect to GNSS reference timing.
Note 2: Frequency offset of Sidelink UE with respect to GNSS reference frequency.
Note 3: OCC index (in TS 38.211) for PSCCH DMRS is randomly selected between {0, 1, 2} for each PSCCH transmission.
Note 4: Each UE occupies one sub-channel, hence all the sub-channels are filled by the 5 active SL UEs. 


Another open question is PSFCH configuration. In the previous meeting we agreed that “PSFCH feedback instead of AT commands can be used to test NR V2X UE’s performance”. Based on 38.331, UE can support simultaneous transmission of 4, 8 or 16 PSFCHs in a slot. Therefore, we need to ensure that PSCCH/PSSCH and PSFCH configuration allows to send ACK/NACK feedback for UEs which support 4 simultaneous PSFCH transmissions. One of the possible options, in case number of allocated sub-channels per slot in higher than 4, is to make PSCCH/PSSCH generation not in each slot and PSFCH periodicity equal to 1. In Figure 2 we provide the example of our suggestion.
	

	[bookmark: _Ref54290097]Figure 2. Feedback procedure for PSCCH/PSSCH decoding capability test.


Proposal 1:	Use the following simulation assumptions for PSCCH/PSSCH decoding capability requirements to verify floor(NRB /10 RBs) capability
· 20 MHz CBW and 15 kHz SCS
· 5 subchannels, 10 RB subchannel size
· One Tx UE per sub-channel
· MCS 4
· Static propagation condition without external noise
· Test metric: Probability of missed PSCCH 1%
Proposal 2:	Further discuss the following simulation assumptions for PSCCH/PSSCH decoding capability requirements to verify 2*floor(NRB /10 RBs) capability.
Proposal 3:	Further discuss the PSFCH configuration for PSCCH/PSSCH decoding capability requirement to ensure that UE with psfch-TxNumber = n4 can pass the test.
HARQ buffer soft combining
Based on TS 38.306 and 38.331 the following capability is defined for multiple PSCCH reception
	From 38.306
-	harq-RxProcessSidelink, which indicates the number of sidelink HARQ processes across all links that the UE supports for NR PSSCH reception. Value n16 corresponds to 16, n24 corresponds to 24, and so on.
From 38.331
harq-RxProcessSidelink-r16        ENUMERATED {n16, n24, n32, n64},


Based on our understanding, we can configure: one Tx UE, certain number of HARQ process based on UE capability and one retransmission. Same time, MCS and SNR for test can be defined in a way that NACK feedback is always provided for initial transmission and ACK feedback is provided after retransmission and combining of this transmission with initial transmission. One possible way to ensure sufficient difference between BLER for initial transmission and BLER after retransmission is to consider static channel model (i.e. similar to LTE V2X Soft buffer test). In Figure 3 we provide our analysis for different MCS (4, 11, 17) and scenario with and without retransmission.
	
	

	

	[bookmark: _Ref54389570]Figure 3. HARQ combining performance


[bookmark: _GoBack]From these results we can observe that for MCS 11 and MCS 17 significant gap between performance for scenarios with and without retransmission. Therefore, we can use performance of curve with retransmission and combining for all HARQ process as reference for requirements definition. If UE does not make the combining for some of HARQ process then such UE will fail the test.
As for test metric, 5 % of PSSCH BLER can be considered (i.e. similar to LTE V2X)
Proposal 4:	Use the following simulation assumptions for HARQ buffer soft combining requirements:
· Single TX UE
· Number of HARQ process is equal to maximum supported number based RX UE capability
· MCS 11 or 17
· Number of HARQ retransmissions 1
· Test metric: 5 % of PSSCH BLER
Conclusion
In this paper we provided view on V2X demodulation requirements and made the following proposals:
Proposal 1:	Use the following simulation assumptions for PSCCH/PSSCH decoding capability requirements to verify floor(NRB /10 RBs) capability
· 20 MHz CBW and 15 kHz SCS
· 5 subchannels, 10 RB subchannel size
· One Tx UE per sub-channel
· MCS 4
· Static propagation condition without external noise
· Test metric: Probability of missed PSCCH 1%
Proposal 2:	Further discuss the following simulation assumptions for PSCCH/PSSCH decoding capability requirements to verify 2*floor(NRB /10 RBs) capability.
Proposal 3:	Further discuss the PSFCH configuration for PSCCH/PSSCH decoding capability requirement to ensure that UE with psfch-TxNumber = n4 can pass the test.
Proposal 4:	Use the following simulation assumptions for HARQ buffer soft combining requirements:
· Single TX UE
· Number of HARQ process is equal to maximum supported number based RX UE capability
· MCS 11 or 17
· Number of HARQ retransmissions 1
· Test metric: 5 % of PSSCH BLER
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