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Discussion
1      Introduction
In RAN meeting #80, the new study item of NR V2X was approved [1]. At the RAN1 #94 meeting, agreements about resources allocation modes were achieved. Two transmission modes (mode-1 and mode-2) and four sub-modes of mode-2 were defined for NR V2X sidelink communication. At the RAN1 #94b meeting, sidelink resource allocation mechanism for NR V2X was further discussed and the following agreements were achieved:
Agreements:

· Sidelink sensing and resource selection procedures are studied for Mode-2(a)

· The following techniques are studied to identify occupied sidelink resources

· decoding of sidelink control channel transmissions

· sidelink measurements

· detection of sidelink transmissions

· other options are not precluded, including combination of the above options

· The following aspects are studied for sidelink resource selection

· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)

· which information is used by UE for resource selection procedure
· The following aspects about assistance information are studied for Mode 2(b)

· Which assistance information is used and how it is acquired

· Which UE sends assistance information

· How to deliver assistance information, including physical channel and UE behavior

· How assistance information is taken into account in determination of sidelink resource for transmission

--RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

· The following aspects are studied for Mode 2(c)

· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts

· Whether any sensing or resource selection procedure is used on top of configured grant(s)

· Whether and how to use any granted but unused resources

· How to adapt to traffic variation

· How it is different from Mode-1 operation for in-coverage scenario

· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration

· Whether and how this mode operates out of network coverage

--RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

· The following aspects are studied for Mode 2(d)

· In which use cases/scenarios this mode is applicable

· What is the overall architecture for Mode-2(d) operation

· How to decide which UE schedules which other UE(s) and how to maintain this relationship

· What is the procedure of UE(s) when the scheduling UE disappears

· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs

· Which resources can be used to schedule other UEs 

· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 

--RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)
In this contribution, we discuss the resource allocation mechanism for NR V2X sidelink transmission and give our views on mode-1, mode-2 and corresponding sub-modes.
2      Resource Allocation Mechanism
As agreed in RAN1 #94 meeting, at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication:
Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)

Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources

Compared with LTE-V2X，mode-1 is similar to LTE mode-3 and mode-2 is similar to LTE-mode-4. Considering more tight requirements (i.e. high reliability and low latency), enhancement of resource allocation mechanism should be studied. 
2.1     Mode-1 Resource Allocation Mechanism

This resource allocation mode is mainly useful in in-coverage scenarios. In this mode, gNB controls and decides how to distribute the resource and resource pools among UEs, assistance information reported by UEs can be used to assist gNB to schedule the system resource more efficiently and avoid collision. In LTE-V2X, UE can report at least its position information to the eNB, and then eNB schedules the resource based on this kind of information through control information (i.e. DCI). As some advanced use cases are introduced in NR V2X (i.e. vehicle platooning, extended sensor, advanced driving, remote driving), more information about the sidelink transmission should be provided to gNB. As the procedure of the UE to report geographical information to the gNB is supported in Rel-14, it should be supported in NR V2X as well. There are at least two kinds of information, one is basic information such as the traffic model (periodic or aperiodic), and the other one is information based on UEs measurement such as the congestion level. 
Proposal 1: More sidelink information (e.g. traffic model, congestion level）should be reported to the gNB to assist resource allocation. 
2.2     Mode-2 Resource Allocation Mechanism
Sub-mode(a): UE autonomously selects sidelink resource for transmission
This resource allocation mode is similar with the LTE-V2X mode 4 and can be used in both in-coverage and out-coverage scenarios, UEs in this sub-mode can select resource randomly among the pre-configured resource pool without gNB’s scheduling, in this way, latency in the sub-mode can be reduced. In order to avoid collision, sensing and reservation mechanism was proposed in release-14 V2X communication and it is beneficial in periodic traffic model. By detecting other UEs transmission condition in the last few slots, UE can select the resource in low interference level. Therefore, sensing mechanism should be support in NR V2X. 
However, NR V2X would support both periodic services and aperiodic services and requirement target is extremely high (reliability up to 99.999% and latency in some use case is 3ms), enhancement for sensing and reservation mechanism should be considered. And for aperiodic traffic, sensing procedure cannot work well since the arrival time and packet size of the message are variable. 
Interference between the aperiodic and periodic traffic should be considered, because the aperiodic traffic may affect the accuracy of the sensing procedure for the periodic traffic. In order to solve this problem, LBT (Listen Before Talk) mechanism can be introduced for aperiodic traffic, but back off window should be considered based on the latency requirement. 
Observation 1: LBT mechanism can be supported in NR V2X to avoid collision, and back off window should be designed based on the latency requirement. 
Proposal 2: LTE-V2X sensing-based resource selection mechanism should be supported in NR V2X for periodic traffic and enhancement is needed to meet the requirement of the reliability. 
Sub-mode(b): UE assists sidelink resource selection for other UE(s)
This sub-mode can be useful in both in-coverage and out-of-coverage scenarios. In this sub-mode, UE reports assistance information to other UEs to assist resource allocation. Based on the assistance information reported by UEs, the UE can select the proper number of RBs for transmission to avoid collision and improve resource efficiency.
In this sub-mode, UE can report at least its position information to other UEs, then based on the geographical information UE can avoid selecting the resource which is occupied be nearby UEs. 
The signalling overhead of information exchanged among UEs is very high. In order to reduce the signal overhead not all UEs need to report the position information. For example, in groupcast and broadcast scenarios, only the transmitter UE need to report its information. Additional assistance information can be further discussed. 

Therefore, the signalling overhead among the UEs should be considered, and the procedure of the assisting information reporting and how to transmit the information need further study. 
Proposal 3: UE reports its geographical information should be supported in NR V2X.
Sub-mode(c): UE is configured with NR configured grant (type-1 like) for sidelink transmission

This sub-mode can be useful in both in-coverage and out-of-coverage scenarios. In grant based transmission mode, when UE wants to transmit a message, it needs to report the request to the gNB and receive a grant for transmission, this procedure may cause high latency. Therefore, in this sub-mode SL grant free procedure should be supported to reduce latency. For in-coverage UEs, the resource for grant free transmission is configured with RRC signaling and for out-coverage UEs the resource is pre-configured. 
As the resource is configured or pre-configured by RRC signaling, assistance information such as traffic model type (periodic or aperiodic) or priority for resource allocation mechanism should be discussed to improve resource utilization and avoid collision. Details about the information and signaling procedure need further study. 
Proposal 4: SL grant free transmission should be supported in NR V2X.  
Sub-mode(d): UE schedules sidelink transmissions of other UEs
This sub-mode can be useful in both in-coverage and out-of-coverage scenarios. In this sub-mode, UEs act like gNB as it can allocate system resource without gNB scheduling. For in-coverage UEs, the UE schedules sidelink resource allocation via PC-5 interface can reduce latency to some extent. 
For out-of-coverage UEs, this sub-mode is especially useful and can avoid collision compared with random selecting. In some specific scenarios such as vehicle platooning scenario, the following UEs in the platoon should be in the coverage of the leading UE but not necessary to be in the coverage of the gNB. Set the use case of vehicle platooning as an example, the leading UE can report the geographical information (such as the position the leading UE) and driving information (such as speed, direction, number of following UEs in the platoon) to other leading UEs to assist the sikelink resource allocation, then the leading UE can allocate the same resource for different platoon groups which are far away from each other. 

UE-type RSU can also be the scheduling UE as well. Since there will be more and more RSUs on the road in the future, the message load will be high. UE-type RSU schedules sidelink transmission can improve system reliability performance.
As UE schedules sidelink transmission, the overhead of the signalling should be considered. Since this sub-mode is similar with sub-mode(b), whether the UE is ‘assisting’ or ‘scheduling’ sidelink transmission should be distinguished and clarified.   
Observation 2: NR V2X mode-2(d) can be supported in some specific scenarios but signalling overhead needs to be considered in this sub-mode. 
3      Conclusion
In this contribution, we discuss the resource allocation mechanism for NR V2X. Based on the discussion, we have following observations and proposals:
Observation 1: LBT mechanism can be supported in NR V2X to avoid collision, and back off window should be designed based on the latency requirement. 
Observation 2: NR V2X mode-2(d) can be supported in some specific scenarios but signalling overhead needs to be considered in this sub-mode. 

Proposal 1: More sidelink information (e.g. traffic model, congestion level）should be reported to the gNB to assist resource allocation. 

Proposal 2: LTE-V2X sensing-based resource selection mechanism should be supported in NR V2X for periodic traffic and enhancement is needed to meet the requirement of the reliability. 

Proposal 3: UE reports its geographical information should be supported in NR V2X.
Proposal 4: SL grant free transmission should be supported in NR V2X. 
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