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1 Introduction
In the RAN #80 meeting, a new SID for NR-V2X was approved and the following is one of the study objective [1]:

1: Sidelink design [RAN1, RAN2]:
· 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

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
In this contribution, we discuss the issues related to NR sidelink physical layer structure and procedures.
2 Discussion
In LTE-V2X, the physical layer structure design targets to low carrier frequency and try to reuse PUSCH structure as much as possible, therefore, the subcarrier spacing is fixed to 15kHz, normal CP is used. To overcome the frequency offset because of higher speed which is up to 500km/h, 4 DMRS symbols per subframe are applied. PSCCH and its associated PSSCH are FDMed in the same subframe. PSCCH and its associated PSSCH are adjacent or non-adjacent in frequency are both supported. The frame structure of PSCCH/PSSCH and resource pool structure are shown in figure 1 and figure 2 separately.
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Figure 1 Frame structure of PSCCH/PSSCH in LTE-V2X
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Figure 2 Resource pool of PSCCH/PSSCH in LTE-V2X

According to the SID [1], both FR1 and FR2 needs to be considered in the study, and the target is to have a common sidelink design for both FR1 and FR2. In this section, we discuss how to design physical layer structure for NR-V2X.

2.1 Numerology

In Rel-15 NR Uu study, the subcarrier spacing ranged from 15kHz to 240kHz are supported for FR1 and FR2 [2]. For NR-V2X, we think that it is also reasonable to support different subcarrier spacing in FR1 and FR2 separately. For larger subcarrier spacing, the time length per subframe or slot scales down accordingly, which is beneficial for latency reduction. Similar as Rel-15 NR Uu, we propose that 15kHz and 30kHz subcarrier spacing for FR1, 60kHz and 120kHz subcarrier spacing for FR2.
If 15kHz and 30kHz SCS is applied, the corresponding length of normal CP is about 4.69us and 2.35us separately, which is enough to cover propagation delay and multi-path delay. While for 60kHz and 120kHz SCS, normal CP is not enough, extended CP is needed. 
An illustration of propagation delay in case of GNSS as the synchronization source is shown in figure 3. Both UE1 and UE2 are synchronized to GNSS. The SCS is set to 120kHz, then the length of normal CP is about 0.59us. If the distance between UE1 and UE2 is 300m, the propagation delay is about 1us, which is larger than CP length and will result in inter-symbol interference. In this case, extended CP is preferred. The length of extended CP is about 2.08us, which can cover the propagation delay and multi-path delay. 
Proposal 1: Different numerology can be applied to NR-V2X sidelink. 
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Figure 3 Illustration of potential issue in case of normal CP used for FR2

2.2 Waveform

In LTE-V2X, only DFT-S-OFDM waveform is applied considering the following factors.

· Low PAPR: which is more power efficient and benefit for coverage enhancement.

· Simplify implementation: to align with the waveform which is used in UL so as to simplify the implementation.

In NR-V2X, the coverage is also an important requirement. According to [3], the maximal communication range for extended sensor use case is 1000m. Then we propose that DFT-S-OFDM is used in NR-V2X. 

In Rel-15 NR Uu study, CP-OFDM is introduced in UL transmission which can benefit for flexible resource allocation and DMRS design. Whether to introduce CP-OFDM in NR-V2X sidelink needs to be carefully studied. The following factors need to be considered for waveform design.
· PAPR: if PAPR is an important factor, then DFT-S-OFDM should be used. One argument is that existing FDM resource pool structure in LTE-V2X has broken the single carrier property. In NR-V2X, TDM resource pool structure between PSCCH and its associated PSSCH can be beneficial to reduce latency and keep single carrier property (which is detailed analyzed in section 2.4).

· DMRS resource overhead: If DFT-S-OFDM is applied, the DMRS symbol will be totally occupied by DMRS and cannot be used for data. Then the DMRS resource overhead can cause resource in-efficient in NR-V2X. CP-OFDM is beneficial to reduce DMRS overhead and the DMRS pattern can be more flexible.
· Complexity of implementation: if CP-OFDM is introduced, two sets of transceiver are needed per UE. While considering NR-V2X UE should also support NR Uu at the same time, both CP-OFDM and DFT-S-OFDM have been supported in NR UL, that is not a big issue to support both of them in NR-V2X.
Proposal 2:  DFT-S-OFDM can be used in NR-V2X. Whether CP-OFDM should be introduced in NR-V2X needs FFS.

2.3 DMRS

As shown in figure 1, the DMRS pattern of PSCCH or PSSCH is fixed and there are 4 symbols per subframe used for DMRS. Compared to LTE-UL, the DMRS is denser in time domain which aims to handle large Doppler spread because of higher speed. That is resource inefficient in some case which corresponding to lower speed. For example, in case of platooning, the cluster head communicates with cluster members which have very low relative speed, the DMRS density in time domain can be lower.  If a vehicle wants to change its lane or overtake a vehicle which is in front of it, it may only need to unicast communicate with another vehicle which has the same moving direction as it, and the relative speed between them is very low. In this case, the DMRS density can also be reduced. 

For FR2 which corresponding to larger SCS, the DMRS density in time domain is N times of 15kHz SCS. In this case, the DMRS density per subframe/slot can also be reduced to minimize the DMRS overhead.

Furthermore, if both DFT-S-OFDM and CP-OFDM are applied in NR-V2X, there should be different DMRS patterns.

Proposal 3: Flexible DMRS pattern can be considered in NR-V2X. 

2.4 Frame structure

As shown in figure 2, PSCCH and its associated PSSCH FDMed in the same subframe was introduced in LTE-V2X. At least the following drawbacks can be observed for this structure.
· Large latency: The PSSCH can be decoded only after decoding PSCCH. PSCCH occupies 1 full subframe, then PSCCH can be decoded only when the data of the whole subframe have been received. The total latency is 1ms + PSCCH processing time + PSSCH processing time. 

· Break single carrier property: DFT-S-OFDM is used in LTE-V2X which has single carrier property. While PSCCH and its associated PSSCH are FDMed in the same subframe, which breaks the single carrier property and increases PAPR. The non-adjacent PSCCH/PSSCH has larger PAPR than adjacent case. 

In NR-V2X, considering more strict latency requirement, some solutions which can reduce latency can be considered. One of these solutions could be to use TDM structure for PSCCH and its associated PSSCH, which is shown in figure 4.
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Figure 4 Resource structure of PSCCH and PSSCH
For the TDM structure, PSCCH and its associated PSSCH are transmitted in different time. PSCCH occupies only several OFDM symbols, and the rest OFDM symbols within the subframe are used for PSSCH. That can reduce latency compared to FDM structure. Furthermore, PSCCH and PSSCH are in different time, the single carrier property can be promised if DFT-S-OFDM is used. 
For FR2 in NR-V2X, beamforming can be applied to enhance coverage. If TDM structure is applied, PSCCH and PSSCH can use different beam. For example, no beamforming is used for PSCCH and a specific beam used for PSSCH. While FDMed PSCCH and PSSCH will put more restrictions on the implementation of beamforming. 

PSCCH and its associated PSSCH can be in the same subframe (time adjacent) or different subframe (time non-adjacent). In this case, the resource of per PSCCH can be fixed. For example, the number of symbols and number of PRBs per PSCCH can be fixed. This can be benefit for blind decoding of PSCCH at receiver. The resource of PSSCH can be flexible and indicated by PSCCH. For example, the number of sub-channels in frequency domain and number of symbols/slots/subframes in time domain can be indicated by its associated PSCCH. 
Proposal 4: Both FDM and TDM structure of PSCCH and its associated PSSCH can be supported in NR-V2X.

3 Conclusion
In this contribution, the physical layer structure and procedures of NR-V2X sidelink are discussed. The following proposals are given to summarize our view.
Proposal 1: Different numerology can be applied to NR-V2X sidelink. 
Proposal 2:  DFT-S-OFDM can be used in NR-V2X. Whether CP-OFDM should be introduced in NR-V2X needs FFS.

Proposal 3: Flexible DMRS pattern can be considered in NR-V2X. 

Proposal 4: Both FDM and TDM structure of PSCCH and its associated PSSCH can be supported in NR-V2X.
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