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1 Introduction
In RAN1 Ad-Hoc meeting 1901 [1], the following agreement was made for NR sidelink physical layer structure as:
· 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, DMRS design aspects for NR V2X will be discussed with above FFS points and based on link level evaluation results.
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 of PDCCH and PDSCH/PUSCH can be reused for PSCCH and PSSCH, respectively. Notice that PDSCH and PUSCH DMRS design are symmetric when PDSCH/PUSCH mapping types and scheduled duration are same. 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
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 and 4 show BLER performances for PSSCH using NR Uu data channel DMRS for type A and B, respectively. Various UE speeds of 60, 120, 240, 500 km/h are evaluated with 2, 3, 4 time instance of DMRS transmission within a slot and SCS of 15 kHz and 30 kHz. Further detailed simulation assumptions are given in the Appendix A. The evaluation results illustrate that very high speed scenario of 500 km/h can be maintained using four time instance of DMRS transmission within a slot and increased SCS. Also, it should be noted that NR Uu data channel DMRS was designed to meet 5G KPIs of high mobility up to 500 km/h. Therefore, we made the following observation: 
Observation: NR Uu DMRS design for control channel (PDCCH) and data channel (PDSCH or PUSCH) can be reused for PSCCH and PSSCH, respectively.
	[image: ]
(a) DMRS type1 (60 km/h)
	[image: ]
(b) DMRS type1 (120 km/h)
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(c) DMRS type1 (240 km/h)
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(d) DMRS type1 (500 km/h)


Figure 3. BLER performance for PSSCH using Uu DMRS type 1
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(a) DMRS type2 (60 km/h)
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(b) DMRS type2 (120 km/h)
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(c) DMRS type2 (240 km/h)
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(d) DMRS type2 (500 km/h)


Figure 4. BLER performance for PSSCH using Uu DMRS type 2
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 [5] 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.
Table 1 Performance requirements for V2X service scenarios [6]
	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


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. Therefore, it was agreed in RAN1 Ad-Hoc meeting 1901 [1] that multiple DMRS patterns in time domain are supported for PSSCH and continue to study DMRS pattern in frequency domain for PSSCH. In this contribution, we discuss further details on the above agreements based on link level evaluation results. From Figure 5 to 8, throughput performances for PSSCH using Uu DMRS type 1/2 are plotted over different UE speed and SCS. Further detailed simulation assumptions are given in the Appendix A. From the evaluation results, we can observe that a desirable DMRS pattern is different depending on both UE speed and SCS. Specifically, at UE speed of 60 km/h, two time instance of DMRS transmission within a slot provides better throughput performance over three and four time instance of DMRS both in 15 kHz and 30 kHz SCS (Figure 5). However, three time instance of DMRS transmission within a slot provides most high throughput performance at UE speed of 120 km/h and 15 kHz SCS while two time instance of DMRS transmission within a slot still provides most high throughput performance at UE speed of 120 km/h and 30 kHz SCS (Figure 6). At UE speed of 240 km/h and 15 kHz SCS, two time instance of DMRS transmission within a slot cannot work and four time instance of DMRS transmission within a slot provides most high throughput performance at UE speed of 240 km/h and 15 kHz SCS while three time instance of DMRS transmission within a slot provides most high throughput performance at UE speed of 240 km/h and 30 kHz SCS (Figure 7). Also, at UE speed of 500 km/h, even four time instance of DMRS transmission within a slot cannot work in 15 kHz SCS due to high Doppler and three and four time instance of DMRS transmission with 30 kHz SCS can work as shown in Figure 8. Notice that within configured resource pool, UE speed can be changed. Therefore, multiple DMRS patterns for PSSCH should be supported per resource pool. Furthermore, evaluation results from Figure 5 to 8 show that Uu DMRS type 2 has better throughput performance over Uu DMRS type 1. This is because both Uu DMRS type 1 and type 2 have similar BLER performance as depicted in Figure 3 and 4. In this regard, we have following observations:
Observations: A desirable DMRS pattern for PSSCH is different depending on both UE speed and SCS.
· UE speed can be changed within configured resource pool.
· Uu DMRS type 2 has similar BLER performance and better throughput performance compared with Uu DMRS type 1.
In our evaluations, DMRS positions defined in PDSCH [7] were reused by considering the first one OFDM symbol for AGC time and last one symbol for switching time. Specifically, the first DMRS symbol was located in 3rd symbol within 14 symbol slot. However, from decision on channel structure of PSCCH and AGC symbol(s), some of DMRS position supported in Rel-15 NR may not be applied for NR V2X. In this case, new DMRS position need to be introduced. Based on the observations above, we propose:
Proposal: Multiple DMRS patterns for PSSCH are (pre-)configured per resource pool.
· One DMRS pattern is selected in a given PSSCH transmission based on both UE speed and SCS.
· NR Uu DMRS pattern (DMRS type 1 and/or type 2 for data channel) is reused for NR PSSCH DMRS pattern for frequency domain.
· FFS for NR PSSCH DMRS time domain position considering channel structure of PSCCH and AGC symbol(s).
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 5. Throughput performance for PSSCH at UE speed of 60 km/h
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 6. Throughput performance for PSSCH at UE speed of 120 km/h
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(a) SCS=15 kHz
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(b) SCS=30 kHz


Figure 7. Throughput performance for PSSCH at UE speed of 240 km/h
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Figure 8. Throughput performance for PSSCH at UE speed of 500 km/h (SCS=30 kHz)
3 Conclusions
This contribution discusses on DMRS design for NR V2X and proposes the followings depending on the discussion:
Proposal: Multiple DMRS patterns for PSSCH are (pre-)configured per resource pool.
· One DMRS pattern is selected in a given PSSCH transmission based on both UE speed and SCS.
· NR Uu DMRS pattern (DMRS type 1 and/or type 2 for data channel) is reused for NR PSSCH DMRS pattern for frequency domain.
· FFS for NR PSSCH DMRS time domain position considering channel structure of PSCCH and AGC symbol(s).
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Appendix A
Table 2 Evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz and 30 kHz

	UE speed
	60 km/h, 120 km/h, 240 km/h, and 500 km/h

	Carrier frequency offset
	0 ppm

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Waveform
	CP-OFDM

	Data allocation
	•    6 PRBs
•    First 1 OFDM symbol for AGC and last one symbol for switching time, and remaining 12 OFDM symbols for data channel

	DMRS pattern
	•     Uu data channel DMRS type1 and type2 (single-symbol DMRS, one CDM group)
•     DMRS positions defined in PDSCH [7] were reused. Time domain DMRS symbols are placed within 14 symbol slot as
· DMRS position is (2,11) for 2 time instance of DMRS
· DMRS position is (2, 7, 11) for 3 time instance of DMRS
· DMRS position is (2, 5, 8, 11)for 4 time instance of DMRS

	Modulation order, Coding rate
	QPSK code rate ½

	Channel coding scheme
	LDPC 

	Number of Tx antennas
	1

	Number of Rx antennas
	1 

	Channel model
	CDL-based V2V channels in TR 37.885 [8]
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