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In RAN Plenary #80 meeting, NR V2X SID was approved. There is an objective for sidelink design [RAN1, RAN2] as [1]: 
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
In this contribution, we would like to discuss NR sidelink physical layer structures.
Discussion
LTE V2X and eV2X, which have been specified in Releases 14 and 15, can be the starting point of NR V2X study. The major differences between LTE V2X and NR V2X are reliability and latency. From [2], the latency requirement is 3 ms and the reliability requirement is 99.999% as shown in Table 1. However, the latency and reliability requirements are 20 ms and 99% in LTE V2X [3] as shown in Table 2, respectively. 
Table 1. Requirements of NR V2X advanced safety services.
	
	Latency (ms)
	Reliability

	Platooning
	10-25
	90-99.99%

	Advanced Driving
	[3]-[100]
	[90]-[99.999]%

	Extended Sensors
	3-100
	90-99.999%

	Remote Driving
	[20]
	[99.999]%



Table 2. Requirements of LTE V2X basic safety services.
	 
	Latency (ms)
	Reliability

	#1 (Suburban/Major Road)
	100
	99%

	#2 (Freeway/Motorway)
	100
	96%

	#3 (Autobahn)
	100
	96%

	#4 (NLOS/Urban)
	100
	99%

	#5 (Urban Intersection)
	100
	-

	#6 (Campus/Shopping Area)
	100
	99%

	#7 Imminent Crash 
	20
	-



Observation 1: In NR V2X design, the latency and reliability requirements are the major concerns.
In the following subsections, we would like to consider the design of NR sidelink design from different aspects.
Waveform
The waveform of sidelink can use the same as that of UL transmission. In LTE V2X, DFT-s-OFDM is used as the sidelink waveform, for DFT-s-OFDM is also used in LTE UL. However, two waveforms OFDM and DFT-s-OFDM are defined in NR UL.  The advantage of DFT-s-OFDM is low peak-to-average-power ratio (PAPR), which is beneficial to cell edge users and lower power consumption. But the demodulation performance of DFT-s-OFDM is worse than that of OFDM about 2-3 dB and then the low PAPR merit is limited. The advantages of OFDM are flexible scheduling, high resistance of frequency selective fading and spatial multiplexing support. It seems OFDM is better than DFT-s-OFDM and can be chosen as the waveform of NR V2X sidelink.
Proposal 1: OFDM should be adopted in NR V2X sidelink.
Subcarrier Spacing and Slot Duration
Several subcarrier spacing (SCS), 15 kHz (FR1), 30 kHz (FR1), 60kHz (FR1/2), 120 kHz (FR2), are supported in NR eMBB data transmission, which are corresponding to slot durations of 1 ms, 0.5 ms, 0.25 ms, 0.125 ms. Larger SCS would result smaller slot duration, which is favourable to low latency. Under same bandwidth, larger SCS with smaller slot duration can provide less payload size within one slot. Therefore, to provide same or larger payload size under one slot needs more bandwidth. If different SCS are supported in NR sidelink, UE should detect the SCS before decoding and result higher decoding complexity and latency. A fixed SCS in NR sidelink would be more preferable. From the evaluation of LTE V2X, 15 kHz can support 10 ms latency. Whether SCS above 30 kHz can support 3ms latency and maximum supported bandwidth should be further evaluated.
Proposal 2: The value of fixed subcarrier spacing and maximum supported bandwidth in NR V2X sidelink should be further evaluated.
Resource Allocation
In Fig. 1, two resource allocation schemes of physical sidelink control channel (PSCCH) and physical sidelink shared channel are shown. A carrier bandwidth can be divided into several subchannels (4 in Fig. 1), where subchannel is the resource unit for PSSCH. Red box indicates the possible PSCCH resource and blue box indicates the possible PSSCH resource. If some subchannels are scheduled for PSSCH, PSCCH would be allocated at the starting of the subchannels as shown in Fig. 1. Fig. 1 (a) is the legacy LTE V2X resource allocation scheme with adjacent PSCCH and PSSCH. PSCCH occupies two RBs and PSSCH occupies the left resource. In other words, PSCCH and PSSCH share the resource in frequency-division multiplexing (FDM). Fig. 1 (b) shows another resource allocation scheme, which PSCCH and PSSCH share the resource in time-division multiplexing (TDM). The detailed description of resource allocation schemes can be referred to [4]. In terms of latency requirement, which resource allocation scheme can meet the requirement should be further evaluated.
Proposal 3: The resource allocation of PSCCH and PSSCH is FDM or TDM should be further evaluated in NR V2X sidelink.
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(a) 																(b)
Figure 1. Control and data channels resource allocation schemes.
Mini-Slot Structure
In NR eMBB, mini-slot structure is one of the major features. Currently, 2, 4, 7 symbols to form a mini-slot are supported. Mini-slot can provide shorter latency in some applications, especially in SCS 15 kHz. 7 symbols within one mini-slot and SCS 15 kHz can be achieved by one normal slot within SCS 30 kHz. That is, the benefit of mini-slot can be obtained by increasing the SCS. Since sidelink is broadcasting communication, one fixed configuration would be better to lower down the complexity of decoding without blind detection of mini-slot structure. Therefore, mini-slot structure needs not to be considered in NR V2X sidelink.
Proposal 4: Mini-slot structure can be achieved by increasing the SCC and needs not to be considered in NR V2X sidelink.
PSCCH and PSSCH Structures
In Fig. 2, PSCCH and PSSCH structures are shown according to the resource allocation of Fig. 1. Fig. 2 (a) depicts the PSCCH and PSSCH structures of legacy LTE V2X. The last OFDM symbol is used as guard interval and 4 OFDM symbols are used for DMRS supporting vehicular speed 500 km/h. The DMRS overhead ratio is about 1/3. Since the waveform of LTE V2X is DFT-s-OFDM, whole OFDM symbol should be used for DMRS to keep lower PAPR property. Figs. 2 (b) and (c) depict the PSCCH and PSSCH structures of one possible TDM resource allocation with OFDM waveform. Because of the flexibility and robustness of OFDM waveform, the DMRS can be distributed to whole resource sparsely. If only one antenna port is used, the DMRS overhead ratio can be reduced to 1/10. That means the spectral efficiency of schemes (b) and (c) can be increased 3 times when compared with legacy scheme (a). 
If higher SCS is used in NR V2X, the DMRS density can also be decreased to meet the requirement of 500 km/h vehicular speed. For example, increase SCS two times and DMRS density can be half.
[bookmark: _GoBack]In the scheme Fig. 2 (b), DMRS of PSCCH and PSSCH can be shared and enhances the precision of channel estimation. In NR eMBB, the allocation and pattern of DMRS were evaluated. We can leverage some of the evaluation results of NR eMBB. 
Proposal 5: DMRS density and pattern should be evaluated in NR V2X sidelink.
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(a) 											(b)											(c)
Figure 2. Examples of sidelink physical layer structure. 
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: In NR V2X design, the latency and reliability requirements are the major concerns.
Proposal 1: OFDM should be adopted in NR V2X sidelink.
Proposal 2: The value of fixed subcarrier spacing and maximum supported bandwidth in NR V2X sidelink should be further evaluated.
Proposal 3: The resource allocation of PSCCH and PSSCH is FDM or TDM should be further evaluated in NR V2X sidelink.
Proposal 4: Mini-slot structure can be achieved by increasing the SCC and needs not to be considered in NR V2X sidelink.
Proposal 5: DMRS density and pattern should be evaluated in NR V2X sidelink.
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