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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK7]In RAN Plenary meeting #80, the study item of NR based V2X was agreed [1]. The SID indicates NR V2X would support advanced V2X services defined by SA1 and the consolidated requirements for each use case group are captured in TR 22.886 [3]. NR V2X on PC5 is subject to more stringent requirements than that for LTE V2X. Importance aspects are considered as following:
· Lower end-to-end latency
· Higher data rate
· Higher reliability
· FR1 and FR2 are taken into consideration
According to the requirement, the resource allocation of NR sidelink should be more flexible to support various use cases. In this contribution, we focus on the discussion of multiplexing between control and data, the definition of resource pool and resource selection mechanism.
2. Discussion
2.1. Multiplexing of control and data
[bookmark: OLE_LINK1][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK18][bookmark: OLE_LINK19]In LTE V2X communication, control and data are transmitted in FDM within the same time duration. One of the main considerations for this design was to meet the latency requirement of V2X services. However, FDM multiplexing has several drawbacks, including receiver complexity, challenges to detect resource collision and so on. In the following, we analysis benefits of multiplexing of FDM and TDM. 
Advantages of FDM:
· Reduce the latency between control and data. 
· Beneficial for analog beam operation in FR2. For FR2, it is beneficial to transmit control and data for the single V2X packet in the same beam.
Advantages of TDM:
· Lower complexity and energy consumption of the receiver. The receiver decodes data after decoding control information. In TDM, the receiver does not need to buffer too much data, which can reduce the energy consumption.
· Mitigate the probability of collisions between PSSCH and PSCCH. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK26][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK27][bookmark: OLE_LINK39][bookmark: OLE_LINK28]In NR, FDM is not the only way to reduce the latency. Larger SCS can be configured to achieve lower transmission delay. Therefore, the latency is not the critical issue for TDM. Moreover, as stated above, TDM is beneficial from the perspective of UE complexity and collision reduction. On the other hand, FDM may be desirable for analog beam operation in FR2. Therefore, both TDM and FDM are useful and can be considered in NR V2X transmission.
[bookmark: _Ref521330047][bookmark: OLE_LINK29]Proposal 1: Both TDM and FDM can be considered in NR V2X.
2.2. Resource selection
NR V2X communication is expected in scenarios with and without 5G coverage from [3] as below. 
[PR.5.19-001]	The 3GPP system shall allow UEs supporting V2X application to use 5G RAT for direct communication when the UEs are not being serviced by a 5G cell.
When a UE is in the coverage of 5G network and served by a 5G cell. The resource allocation can be assisted by control signaling transmitted by gNB via Uu interface. It is similar to mode3 resource allocation in LTE V2X. When UE is out of 5G coverage, it needs to support V2X application to use 5G RAT. It can be divided in the following two cases:
· Case 1: In LTE coverage but out of 5G coverage
· Case 2: Out of LTE coverage and out of 5G coverage
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]When UE is operating in Case 2, it should perform autonomous resource selection mechanism like mode4 in LTE V2X. Also in Case 1, autonomous resource selection may be needed as well for advanced V2X services on NR sidelink. Therefore, both network assisted resource allocation and UE autonomous resource selection should be supported in NR V2X operation.
In LTE V2X, sensing is critical to avoid resource collision when autonomous resource selection is performed by UE. The resource is periodically reserved based on the previous detection result in the sensing window. It works well for packet which is periodically arriving (e.g. basic safety service), and for event-triggered packet whose end-to-end delay is significantly larger than the resource period. Noted that in LTE V2X, the minimum resource reservation interval is 20ms. Therefore, sensing mechanism can work well when the packet latency requirement is significantly larger than 20ms.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]In NR V2X, end-to-end latency is much stringent, e.g. 3ms, in the cases of advanced driving and extend sensors. If a packet is arriving in t1 that is between two available transmitting occasions like illustrated in Figure 1, the packet can transmit at t0+20 which is the next available transmission occasion. It is located at x ms after t1, and the value of x is one from 0 to 19 if the resource reservation is configured to 20ms. When x is larger than 3, the latency requirement can not be met, especially if parallel services are running. Therefore, enhancements for the autonomous resource selection mechanism are necessary for extremely low latency service. 


[bookmark: _Ref521512011]Figure 1
[bookmark: _Ref521330054][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 2: Both network assisted resource allocation and UE autonomous resource selection should be supported in NR V2X.
[bookmark: _Ref521330057]Proposal 3: Enhancements for autonomous resource selection are necessary in NR V2X.
2.3. Resource pool
[bookmark: OLE_LINK32]In LTE sidelink, the resource pool concept is introduced to indicate time and frequency resource for sidelink transmission. It is beneficial for resource management and multiplexing. Therefore, this concept can be reused also in NR sidelink. 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK33][bookmark: OLE_LINK34]In NR Uu interface, flexible numerology configurations are supported to fulfill the requirements of various services. As discussed in [4], it seems necessary also to support various SCS configurations for NR sidelink. Such a design may have some impacts on the resource pool design. For example, if multiple resource pools with different SCS are present, it may increase the UE complexity for blind decoding different resource pools. Some enhancements of resource pool should be considered.
[bookmark: _Ref521330067]Proposal 4: Multiple SCS should be supported in NR sidelink, and enhancements for resource pool with flexible SCS configuration should be considered.

3. Conclusion
In the contribution, overview and preliminary discussion on NR V2X resource allocation are provided. Some proposals are as following:
Proposal 1: Both TDM and FDM can be considered in NR V2X.
[bookmark: _GoBack]Proposal 2: Both network assisted resource allocation and UE autonomous resource selection should be supported in NR V2X.
Proposal 3: Enhancements for autonomous resource selection are necessary in NR V2X.
Proposal 4: Multiple SCS should be supported in NR sidelink, and enhancements for resource pool with flexible SCS configuration should be considered.
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