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1 Introduction
In RAN1#94bis meeting [1], the following agreement was made for NR sidelink physical layer structure as:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Therefore, NR sidelink would potentially operate with multiple SCSs in order to support different frequency bands and/or different requirement of V2X service scenarios. However, multiple SCSs cannot be a sole solution to support various services of NR V2X. It is obvious that DMRS design is important to meet the performance requirements of V2X services and it need to be optimized on each requirement of services such as mobility and data rate. In this contribution, DMRS design aspects for NR V2X will be discussed.
2 DMRS design aspects
In general, DMRS design should take into account the range of channel type, SCS, and waveform which is applicable to NR sidelink. For sidelink channel type, it was agreed to define PSCCH, PSSCH, and PSBCH in the RAN1#94 [2]. And in RAN1#95 meeting [3], it was agreed to define PSFCH to convey SFCI (Sidelink feedback channel information) for unicast and groupcast. Depending on channel type and how to multiplex, DMRS design would be different because channel structure and required target performance of channel can be different. For sidelink SCS, it was decided to support multiple SCS in RAN1#94bis [1]. By using wider SCS, high mobility and low latency can be supported naturally due to the reduced time duration. Therefore, according to the configured SCS, the required time domain density of DMRS will be different for considering target UE speed. For sidelink waveform, it was decided that at least CP-OFDM is supported and continue to study on whether to support DFT-S-OFDM in RAN1#95 meeting [3]. Also, depending on applied waveform the requirements for designing DMRS would be different since the use for DFT-S-OFDM is targeted for link budget limited scenario while the use of CP-OFDM is targeted for achieving high throughput.    
NR Uu DMRS was designed considering aforementioned physical layer structure such as channel type, SCS, and waveform. If Uu and sidelink has same physical layer structure, we can reuse Uu DMRS design for NR V2X sidelink. In RAN1#95 meeting [3], it was decided that at least option 3 for multiplexing of PSCCH and PSSCH is supported for CP-OFDM. As shown in Figure 1, except option 2, other options are already supported for multiplexing of PDCCH and PDSCH in NR Uu. Therefore, NR Uu DMRS design for PDCCH and PDSCH can be reused for PSCCH and PSSCH, respectively. Figure 2 illustrates NR DMRS for PDCCH and PDSCH. Specifically, as shown in Figure 2(a), NR PSCCH DMRS has 1/4 RS density within a REG where REG is compose of 12 REs including DMRS and DMRS is located {1, 5, 9}th RE in a REG. On the other hand, NR PSCCH DMRS supports two different DMRS types (DMRS type A and B) as depicted in Figure 2(b). DMRS type A is a comb-2 pattern and DMRS type B is a FD-OCC pattern.
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Figure 1: multiplexing of PSCCH and PSSCH
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(a) NR PDCCH DMRS 
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(b) NR PDSCH DMRS pattern (left Figure) and position (right Table)


Figure 2 NR Uu DMRS for PDCCH and PDSCH
When one CDM group is configured, DMRS type A has 1/2 RS density per port within an OFDM symbol while DMRS type B has 1/3 RS density per port within an OFDM symbol. In addition, as described in right Table in Figure 2 (b), NR PDSCH DMRS provides flexible configuration for time domain density of DMRS. It is allowed to configure up to 4 time instance of DMRS transmission within a slot depending on the scheduled duration in symbols. Specifically, the evaluation results in Figure 3 show that short-term BLER curve of NR Uu DMRS for PDSCH. For short-term curve, the number of block error is counted over instantaneous SNR samples and SNR bin indicates the range in which the instantaneous SNR is included. It was assumed that UE speed of 500km/h and DMRS P2 (two time instance of DMRS transmission within a slot) and P4 (four time instance of DMRS transmission within a slot) are compared with SCS 15 kHz and 30 kHz, respectively. Further detailed simulation assumptions are given in the Appendix A. The evaluation results show that high speed scenario (500 km/h) can be maintained using four time instance of DMRS transmission within a slot and/or increased SCS. Therefore, we propose: 
Proposal 1: NR Uu DMRS design for PDCCH and PDSCH is reused for PSCCH and PSSCH, respectively.
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(a) MCS index=7 (QPSK)
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(b) MCS index=12 (16QAM)
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(c) MCS index=18 (64QAM)


Figure 3 BLER performance of NR Uu DMRS for PDSCH (UE speed=500km/h)
In case of LTE V2X, only transmission for basic safety information was considered. In addition, LTE sidelink has a fixed DMRS pattern considering worst cast of sidelink communication. However, in NR V2X, advanced services such as vehicles platooning, advanced driving, extended sensor, and remote driving are considered [4] which have different performance requirements as shown in Table 1. Specifically, in case of vehicles platooning all vehicles in a platoon are driving in the same direction. Thus, the relative UE speed can be almost 0km/h. Therefore, the required time domain density of DMRS would be small in this case. On the other hand, in other NR V2X service scenarios depending on the relative UE speed, the required time domain density of DMRS would be increased. However, data rate requirement for NR V2X is also important. In case of extended sensors, data rate requirement is up to 1000 Mbps. In order to achieve high data rate for PSSCH, DMRS overhead should be reduced. In this aspect, DMRS pattern for PSSCH needs to be configurable between a low density DMRS for high data rate and high density DMRS for high mobility. Figure 4 plots throughput performance of NR Uu DMRS for PDSCH. Here, DMRS P1 (one time instance of DMRS transmission within a slot) and P2 (two time instance of DMRS transmission within a slot) are compared in different UE speed of 3km/h and 30km/h. Further detailed simulation assumptions are given in the Appendix B. The evaluation results in Figure 4 show that the trade-off between low and high density DMRS according to the relative UE speed. Therefore, we propose:
Proposal 2: NR V2X sidelink supports UE-specific configuration of DMRS pattern for PSSCH, selected between a low density DMRS for high data rate and high density DMRS for high mobility.
Table 1 Performance requirements for V2X service scenarios [5]
	Service scenarios
	Payload (Bytes)
	Tx rate (Message/ Sec)
	Max end-to-end latency
(ms)
	Reliability (%)
	Data rate (Mbps)
	Min required communication
 range (meters)
	Note

	Vehicles Platooning
	50~6500
	2~50
	10~500
	90~99.99
	50~65
	80~350
	This is obtained considering UE speed of 130km/h. All vehicles in a platoon are driving in the same direction.

	Advanced Driving
	300~6500
	10~100
	3~100
	90~99.99
	10~53
	360~700
	This is obtained considering UE speed of 130km/h. Vehicles may move in different directions.

	Extended Sensors
	1600
	10
	3~100
	90~99.99
	10~1000
	50~1000
	

	Remote Driving
	-
	-
	5
	99.999
	UL: 25
DL: 1
	-
	An absolute speed of up to 250 km/h
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Figure 4 Throughput performance of NR Uu DMRS for PDSCH
3 Conclusions
This contribution discusses on DMRS design for NR V2X and proposes the followings depending on the discussion:
Proposal 1: NR Uu DMRS design for PDCCH and PDSCH is reused for PSCCH and PSSCH, respectively.
Proposal 2: NR V2X sidelink supports UE-specific configuration of DMRS pattern for PSSCH, selected between a low density DMRS for high data rate and high density DMRS for high mobility.
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Appendix A
Table 2 Evaluation assumptions for Figure 3
	Parameters
	Values

	Bandwidth
	5MHz

	Carrier freqeuncy
	2GHz

	# of allocated RBs
	4

	Size of control region
	2 OFDM symbols

	Channel
	Flat fading

	Simulation length
	100000 subframes

	Transmit mode
	SISO

	MCS index
	7/12/18

	UE speed (km/h)
	500



Appendix B
Table 2 Evaluation assumptions for Figure 4
	Parameters
	Values

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Codebook based precoding

	CSI feedback / Beam management scheme
	· CQI/PMI feedback with 5 msec periodicity of CSI-RS and 2 msec feedback delay
· For Beam management, select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Data allocation
	· 10 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	CQI based link adaptation

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Channel estimation
	Real estimation

	UE speed
	3/30 km/h

	Channel model
	CDL-A with DS value=300ns

	Antenna configuration
	The number of antenna: Tx=8 and (M,N,P) = (4,4,2). (dV,dH) = (0.5, 0.5)λ
Per antenna element radiation pattern is in TR36.873
The number of antenna: Rx=2 and (M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element
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