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1 Introduction

In [1]-[3], we have described an overview of the sidelink physical layer structures as well as procedures for NR. In this contribution, we analyze and discuss the corresponding requirements on the designs and structure of the sidelink data channels. In particular, this contribution focuses on the measurement enhancements and MIMO operations for NR sidelink.

2  NR sidelink data channel design 
The NR V2X data channel design needs to support unicast, groupcast and broadcast transmissions while satisfying large throughput, high reliability and low latency. Therefore, NR V2X sidelink needs to be comprehensively studied and evaluated to meet the challenging requirements.  

In LTE V2X, UL transmission resource allocation mechanism  and UL waveform are selected for sidelink transmission. LTE PSSCH and PSCCH can occupy one or multiple sub-channels in a V2X communication resource pool. The numerology for LTE V2X data channel is fixed to be 15 kHz and only one DMRS configuration is supported for sidelink transmission. LTE V2X supports only broadcast transmission in the physical layer and uses the UL resource and UL waveform for sidelink forward and reverse link design. 
In NR V2X, we will support unicast/groupcast/broadcast transmission for NR V2X sidelink, and OFDM can be used for V2X sidelink waveform for sidelink transmission and reception [1], [2]. On the other hand, NR Uu DL and UL have more or less unified and flexible design on waveform, transmission scheme, resource allocation, DMRS, control/feedback channels, and etc. in Rel-15, which can be considered and may be reused for NR V2X sidelink design taking into account of differences between NR Uu and NR V2X, in order to leverage NR Rel-15 physical layer design. 
Observation 1: Rel15 NR Uu numerologies, waveform and frame structure can be considered as the starting point of NR-V2X design, at least for sidelink unicast.
2.1 DMRS design for PSSCH
In LTE V2X, the design of DMRS for PSSCH is based on that of LTE PUSCH. DMRS of LTE V2X is transmitted on a single DMRS port occupying all REs of the 3rd, 6th, 9th and 12th symbols of per sub-frame. However NR-V2X supports unicast, broadcast and groupcast traffic with its various advanced use cases as defined in 3GPP TS 22.186 [4]. 
Different DMRS configurations should be considered to support  a good balance between throughput, reliability, and resource cost. For example, for advanced autonomous driving which requires reliability of 99.999%, the density of the PSSCH DMRS has to be high enough to improve the accuracy of the channel estimation whilst for the communication among the members of a platoon, the density of DMRS can be much lower due to rather small relative speed of the vehicles. In addition, as different numerologies have been supported in NR Uu interface, it is very likely that NR PSSCH in NR V2X should also do so. Then, the design of the DMRS also needs to consider other aspects related to numerologies, slot format and PSCCH/PSSCH resource allocation. Generally, the design of PSSCH DMRS can be based on the framework of NR DMRS, which is been shown in Figure 1. We prefer a unified design of DMRS for unicast, groupcast, and broadcast.
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Figure 1.  Overview of NR PUSCH DMRS design
Firstly, the density of DMRS in the time and frequency domain should be configurable based on the numerology as well as the channel conditions that matches the reliability and latency requirements. For broadcast transmission, the V2X transmitter has no knowledge of the receivers. The DMRS configuration has to be robust enough to deal with the worst cases of broadcast and may not need to change frequently. For unicast and groupcast transmission, more precise and configurable DMRS patterns can be implemented based on the specific channel conditions such as Delay spread, Doppler spread/the relative speed of the vehicle. Secondly NR V2X sidelink is likely to consider multi-beam transmission at FR1/FR2 based unicast and associated advanced MIMO schemes, which may require more than one DMRS ports for given sidelink transmission and reception. Therefore multiple orthogonal DMRS ports should be considered, e.g. with OCC/TDM/FDM, in NR sidelink.  
Proposal 1: For NR V2X sidelink, PSSCH DMRS patterns should be configurable by the network, at least considering the following aspects: 

· DMRS density in the time and frequency domains

· Transmission/reception dedicated to unicast, groupcast or broadcast 

· One or multiple orthogonal sidelink DMRS ports. 
2.2 CSI measurement for PSSCH 
In LTE V2X, neither the base station nor the V2X transmitter has knowledge of the link quality and thus the V2X transmitter determines the MCS of PSSCH autonomously. The measurements in LTE V2X are sidelink RSSI and PSSCH-RSRP, which are mainly used for CBR/CR calculation and UE autonomous resource selection. There are no specific reference signals for sidelink measurement, and dedicated CSI measurement mechanism for sidelink was not considered in LTE V2X. 
On the other hand, for NR V2X transmission, the support of CSI measurements and feedback in sidelink would be greatly beneficial, at least for sidelink unicast and groupcast. For unicast, the periodic measurement and feedback of sidelink CSI can enable efficient resource scheduling, flexible link adaptation and even advanced close-loop MIMO scheme providing improved throughput and/or reliability. Sidelink reference signal for CSI measurement such as an equivalent SL CSI-RS can be introduced. For groupcast, at least aperiodic measurement and feedback of sidelink CSI can also be supported to enable MCS selection or even groupcast beamforming. . The CSI measurement in NR V2X sidelink would also assist in better adaptation of the numerology and DMRS patterns in the time/frequency domain. 
Observation 2: For NR V2X, PSSCH for unicast and groupcast would benefit from the use of sidelink CSI measurements and feedback to assist in its scheduling operations.

Proposal 2: Sidelink CSI measurement reference signal and associated sidelink CSI feedback mechanism should be supported for NR V2X PSSCH, at least for unicast and groupcast.  

2.3 MIMO transmission 

In LTE V2X, the MIMO transmission scheme is  and only small-delay CDD. SFBC is not supported in LTE V2X because the two ports DMRS will cause negative impact on the performance of mode-4 UE’s sensing.  However, for NR V2X, the problem of the negative impact on legacy UE’s sensing will not be a big issue since LTE V2X and NR V2X may operate in different frequency bands or different resource pools. On the other hand,  higher throughput and reliability are needed for advanced use cases in NR-V2X. Moreover, vehicle UE in NR V2X can be equipped with more antennas or even multiple panels in FR1 and FR2. Thus, advanced MIMO schemes over sidelink should be studied in order to support advanced use cases but with high spectrum efficiency and scheduling flexibility. 
For broadcast, open-loop MIMO schemes, such as SFBC, STBC, or precoder cycling, can be considered to increase the reliability of PSSCH without increasing the overhead too much. For groupcast and unicast, closed-loop MIMO schemes can be considered to improve sidelink throughput and reliability. The MIMO transmission scheme in Rel-15 NR Uu can be the starting point with some simplification/modification, if needed. Some initial evaluation results are provided here whereas details of link simulation assumption are shown in Annex A. 
Figure 2 shows the performance of open-loop MIMO schemes for different speeds. For the small-delay CDD scheme, the delay difference between adjacent antenna ports is set to be 1us. For SFBC, the SFBC-FSTD scheme for four antenna ports in LTE is applied. For the precoder cycling scheme, RB-level precoder cycling is applied and the precoder set is 
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 . It can be seen that SFBC has better performance than the other two schemes, and the negative impact of the UE’s velocity on the performance will become larger for higher code rate. Also, the SFBC is more robust to UE’s velocity compared with the other two schemes. Figure 3 compares the performance of the closed-loop MIMO scheme and the open-loop single antenna port scheme. For the closed-loop MIMO scheme, NR type-1 codebook is applied and two data streams are transmitted. It can be seen that the closed-loop scheme can achieve higher throughput than the open-loop scheme, at least when the channel condition is good enough, e.g. greater than -5dB~0dB SINR for 16QAM with code rate being 1/3. Similarly, more severe impact of UE’s velocity can be observed when code rate becomes higher, especially for the closed-loop scheme.
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Figure 2.  Performance comparison for the open-loop MIMO schemes
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Figure 3.  Performance comparison for the closed-loop MIMO schemes
Proposal 3: Open-loop MIMO schemes based on SFBC, and closed-loop MIMO scheme should be considered for NR PSSCH transmission.
3 Conclusions

This contribution has provided our view on the sidelink data channel design for NR V2X. The following observations and proposals have been made: 
Observation 1: Rel15 NR Uu numerologies, waveform and frame structure can be considered as the starting point of NR-V2X design, at least for sidelink unicast.
Observation 2: For NR V2X, PSSCH for unicast and groupcast would benefit from the use of sidelink CSI measurements and feedback to assist in its scheduling operations.

Proposal 1: For NR V2X sidelink, PSSCH DMRS patterns should be configurable by the network, at least considering the following aspects: 

· DMRS density in the time and frequency domains

· Transmission/reception dedicated to unicast, groupcast or broadcast 

· One or multiple orthogonal sidelink DMRS ports. 

Proposal 2: Sidelink CSI measurement reference signal and associated sidelink CSI feedback mechanism should be supported for NR V2X PSSCH, at least for unicast and groupcast.

Proposal 3: Open-loop MIMO schemes based on SFBC, and closed-loop MIMO scheme should be considered for NR PSSCH transmission.
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Annex A: Simulation setting
Table 1 Link level simulation assumptions
	Parameter
	value

	Carrier frequency
	6GHz

	Bandwidth
	2RB

	Channel
	cdl-a

	MCS
	16QAM, code rate-0.33/0.64

	Waveform
	CP-OFDM

	Channel coding
	LDPC

	Subcarrier Spacing
	60kHz

	CP length
	40/36Ts

	Channel estimation
	practical

	Frequency synchronization error
	0

	Antenna configuration
	4T4R

	UE receiver algorithm
	MMSE

	speed
	3/140/250km/h
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