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1 Introduction
At RAN#83[1], an NRV2X WI was agreed, with the following objective:
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
In addition, during the SI phase [1], the following was agreed:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

In this contribution, we provide link-level simulations to study the impact of multi-antenna modes, and CSI feedback frequency for NR V2X.
2 Link-level simulation results 
Multiple antenna transmission
Transmit diversity
As agreed in RAN1#94bis, there are two transmitting antennas for 6 GHz in the simulation profile. Transmit diversity techniques such as SFBC, small-delay CDD, precoder cycling can be considered with this configuration of two transmit antennas.
In the appendix, in Table 1, there are two DMRS ports for SFBC and one DMRS port for small-delay CDD and cycling precoder. Since the CDM group is the starting point of the DMRS pattern, the DMRS overhead is the same for 2 ports DMRS and 1 port DMRS. Thus the DMRS overhead of SFBC, small-delay CDD, and cycling precoder is the same. From Figure 1, it can be seen that SFBC has better performance than small-delay CDD and precoder-cycling schemes for various SCS and code rate settings.  Figure 1 (a) shows that in the scenario of QPSK modulation, SFBC outperforms small delay CDD and precoder cycling by 
3 dB and 2 dB, respectively, for  BLER. Figure 1 (b) shows that even if the modulation order is increasing, the gain of SFBC is still clear. With increasing speed, the gain also increases. Thus, SFBC can provide better performance due to the higher spatial diversity gain in across the different subcarrier spacings.
	   [image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\83A2E772-4348-4C8A-AF63-3E58046AC2E1.png][image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\ECEC670D-A80E-4923-AB31-C191E76634C6.png][image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\2A677B31-D66C-4B12-944D-0176672B9AB9.png]
(a)

	     [image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\D0018931-989C-4BE3-BF1B-1E7561F8AEA2.png]  [image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\23C1BF4B-6DE6-4255-980C-1630F9B1FD14.png]  [image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\A8ED835A-A7CD-476B-AD13-E9D90E04CB41.png]  
(b)


[bookmark: _Ref524707196]Figure 1 Performance of open-loop MIMO

Proposal 1: Standardize SFBC for NR V2X.

As agreed in RAN#83, 2Rx antennas as well as 4Rx antennas are supported. In Figure 2, the comparison of 2RX and 4RX is shown based on SFBC. It is natural that 4RX antennas outperforms 2RX, because there is additional receive gain. Especially, 2RX has an error floor for the scenario of 30 kHz SCS with 500km/h speed. Then 2RX can only work well in scenarios of low relative speed, or and good link budget. In other cases, 4RX is preferred.
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[bookmark: _Ref4514848]Figure 2 2T2R vs 2T4R based on SFBC
Observation 1: 2RX antennas are applicable to scenarios with low relative speed or low spectral efficiency.
CSI feedback
[bookmark: _Ref528577889]
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[bookmark: _Ref4171739]Figure 3: Throughput comparison of under different RI feedback interval based on rank adaptation
In RAN#83, CSI feedback with RI and CQI is supported in NR V2X. The CSI is a reflection of channel state, then in Figure 3 the comparison of different CSI feedback interval is studied at different speed [6]. In the simulation assumption, the term “ideal” means the CSI is measured based on the channel coefficients of the current slot, which means the TX UE knows the actual channel state, providing an upper bound throughput of the scenario. For other curves with x ms interval, it means the CSI is reported every x ms after triggering, i.e. upon receiving one CSI report at time t, the associated MCS and rank configuration is used by all the following slots during the time duration (t, t+x). 
It is shown that the throughput approaches the ideal value at the shorter feedback intervals. With increasing speed, performance gains from timely feedback are also reduced. As agreed in RAN#83, CSI feedback will be delivered using PSSCH. Thus, there is a tradeoff between feedback overhead and feedback accuracy, especially depending on the detail design of PSSCH structure. 
Proposal 2: The CSI feedback interval, of every X ms after triggering, is configurable considering the variation of overhead in different scenarios.
3 Conclusion
In this contribution, evaluation results of NR V2V links are discussed. Based on the discussion, we observe as follows:
Proposal 1: Standardize SFBC for NR V2X.
Observation 1: 2RX antennas are applicable to scenarios with low relative speed or low spectral efficiency.
 Proposal 2: The CSI feedback interval, of every X ms after triggering, is configurable considering the variation of overhead in different scenarios.
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Appendix Link level simulation assumptions
[bookmark: _Ref521579693]Table 1 Parameter assumption of link level simulation
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	Urban-nLos 

	MCS
	QPSK, code rate-0.3
64QAM, code rate -0.6

	Waveform
	CP-OFDM

	Subcarrier Spacing
	30/60 kHz

	Symbol number
	11/13

	CP length
	Normal CP
Extended CP

	Frequency synchronization error
	Not modeled

	Front loaded DMRS
	DMRS configuration 1
	DMRS1
DMRS symbol position<#0>

	
	DMRS configuration 2
	DMRS 1+1
DMRS symbol position <#0, #10>

	
	DMRS configuration 3
	DMRS 1+2
DMRS symbol position <#0, #5, #10>

	
	DMRS configuration 4
	DMRS 1+3
DMRS symbol position <#0, #3, #6, #9>

	Non-front loaded DMRS
(uniform distribution DMRS)
	DMRS configuration 1
	DMRS1
DMRS symbol position<#7>

	
	DMRS configuration 2
	DMRS2
DMRS symbol position<#3,#10>

	
	DMRS configuration 3
	DMRS4
DMRS symbol position<#2,#5,#8,#11>

	Antenna array configuration
(M, N, P, Mg, Ng)
	2T (1, 1, 2, 1, 1)4R (1, 2, 2, 1, 1)
2T2R(1,1,2,1,1) 

	Transmission diversity scheme
	small-delay-CDD/SFBC/precoder cycling

	DMRS port
	SFBC—2ports 
Small-delay-CDD—1port 
Precoder cycling—1port 
NR Uu type1 precoder matrix—2 ports
The DMRS pattern is based on Figure 4

	Feedback period
	0/1/5/10 ms

	UE receiver algorithm
	MMSE

	Speed
	3/120/250/500 km/h

	Time delay for small-delay-CDD(SCDD)
	#TX0 0 us, #TX1 0.1 us,
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[bookmark: _Ref528577725][bookmark: _Ref536728711]Figure 4 NR Uu Type I and Type II DMRS pattern based on CDM
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