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1 Introduction
At RAN1-AH-1901, the following agreements were reached:
Agreements:
· 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 MIMO modes and DMRS pattern 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 straightforward. With increasing speed, the gain is also increasing. Thus, SFBC can provide better performance due to the higher diversity gain in space domain in different subcarrier spacing.
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[bookmark: _Ref524707196]Figure 1 Performance of open-loop MIMO
Observation 1: SFBC has better performance than small delay CDD and precoder cycling.
Closed-loop MIMO
[bookmark: _Ref534905079][bookmark: _Ref528577889][image: ]
[bookmark: _Ref536784826]Figure 2 closed-loop MIMO vs open-loop MIMO
We compare the throughput of MIMO open-loop vs closed-loop in this section. In our setup, NR type-1 codebook is applied and two data streams are transmitted. For open-loop multi-layer MIMO, the precoder matrix is randomly selected from the NR type-1 codebook. For closed-loop multi-layer MIMO, the precoder matrix is selected from NR type-1 codebook based on the PMI index feedback.
Figure 2 illustrates the performance of open and closed-loop MIMO. It is observed that closed-loop MIMO outperforms open-loop MIMO, across the range of speeds considered. The gain is larger when the speed (or relative speed) is lower due to slower channel dynamics, and such cases are relevant in V2X either considering pedestrian V2X UEs, or considering low relative speeds between UEs on e.g. the same side of road.
Observation 2: Closed-loop multi-layer MIMO can outperform open-loop multi-layer MIMO.
DMRS pattern
For LTE V2X, the DMRS has only one fixed configuration. This configuration was designed to cover for the worst case (500 km/h relative speed), and is dense in time, thus resulting in large RS overhead. For NR, high throughput is one of the requirements for some use cases. Consequently, it is desirable to reduce the amount of pilot symbols when possible (e.g., low relative speed for a unicast configuration). In this section, we study the DMRS density requirement in time domain and frequency domain for different subcarrier spacing and UE speeds. In this section the simulation is based on non-front loaded DMRS. Without considering decoding latency, the uniform distribution DMRS in time domain can outperform front loaded distribution. The uniform distribution DMRS configuration is list in Table 1.
For NR Uu interface, two DMRS patterns are supported in frequency domain as shown in Figure 5. The simulation is based on the two DMRS pattern assumption. As shown in Figure 3, compared with Type 2, DMRS Type 1 has about 0.5 dB gain at 10-2 BLER for 30 kHz and 15 kHz SCS. For 60 kHz SCS there is no performance gain for Type 1 DMRS configuration. The tendency has no relation with speed. Type 1 DMRS can be supported for 15 kHz and 30 kHz SCS to get higher reliability. For 60 kHz SCS, Type 2 can be supported, and the savings overhead of Type 2 DMRS in frequency domain can be converted into throughput.
Considering the symbol time duration of different SCS, it is reasonable to support that the DMRS pattern can be selected based on subcarrier spacing. As shown in Figure 4, with a code rate 0.3, 15 kHz SCS must be configured with 4 DMRS symbols, otherwise there is an error floor for 500km/h. With the same reason, 30 kHz and 60 kHz SCS can be configured with 2 and 4 DMRS symbol separately.
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[bookmark: _Ref533840991]Figure 3 Performance of various DMRS pattern in frequency domain
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[bookmark: _Ref536728732][bookmark: _Ref536728724]Figure 4 Performance of various DMRS pattern in time domain
Observation 3: DMRS pattern in frequency domain can be selected based on the subcarrier spacing:
· With a fixed code rate, the BLER performance of Type 1 DMRS is better than Type 2 DMRS for 15 kHz and 30 kHz SCS.
· With a fixed code rate, Type 1 DMRS has no performance gain compared with Type 2 DMRS for 60 kHz SCS, whereas Type 2 can be multiplexed with data.

Observation 4: DMRS pattern in time domain can selected based on subcarrier spacing.
· For lower code rate, there is no error floor for 15/30/60 kHz SCS with the configuration of 1/2/4 DMRS symbols respectively.
3 Conclusion
In this contribution, evaluation results of NR V2V links are discussed. Based on the discussion, we observe as follows:
Observation 1: SFBC has better performance than small delay CDD and precoder cycling.
Observation 2: Closed-loop multi-layer MIMO can outperform open-loop multi-layer MIMO.
Observation 3: DMRS pattern in frequency domain can be selected based on the subcarrier spacing:
· With a fixed code rate, the BLER performance of Type1 DMRS is better than Type 2 DMRS for 15 kHz and 30 kHz SCS.
· With a fixed code rate, Type1 DMRS has no performance gain compared with Type2 DMRS for 60 kHz SCS, whereas Type 2 can be multiplexed with data.
Observation 4: DMRS pattern in time domain can selected based on subcarrier spacing.
· For lower code rate, there are no error floor for 15/30/60 kHz SCS with the configuration of 1/2/4 DMRS symbols respectively.

References
[1] [bookmark: _Ref518987443]Chairman's Notes RAN1 94
[2] Chairman's Notes RAN1 95
[3] 3GPP TS 36.211: " Sidelink Demodulation reference signals"
[4] [bookmark: _Ref518987436]3GPP TS 38.213: " Physical layer procedures"
[5] 3GPP TS 38.214: "Physical layer procedures for data"

[bookmark: _Ref524938846]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)
4T4R(1,2,2,1,1) 

	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 5

	Feedback period
	5 ms

	UE receiver algorithm
	MMSE

	Speed
	3/250/500 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 5 NR Uu Type I and Type II DMRS pattern based on CDM
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