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1 Introduction
In the NR V2X SID [1], there are two objectives that are related with resource allocation as cited below.

	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study sidelink resource allocation mechanism (also including objective 3)
[…]
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular 

network 

· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network


From NR point of view, there can be the following two scenarios concerning the gNB scheduled resource allocation: 
· Scenario 1: gNB schedules sidelink resources for NR SL transmission;

· Scenario 2: gNB schedules sidelink resources for LTE SL transmission.
For the above two scenarios, RAN1 has reached the following agreements respectively.
For Scenario 1:
	Agreements (from RAN1#94): 

· 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

	Agreements: (from RAN1#94b):
Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:

· Dynamic resource allocation

· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)

· Grant free transmission i.e., configured NR grant type-1


For Scenario 2:
	Agreements:

· It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications

· From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific

· Signalling details up to RAN2

· Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications.


In this contribution, we will discuss potential RAN2 impacts on gNB scheduled resource allocation for the above two scenarios based on the progress in RAN1. 
2 Discussion
2.1 gNB schedules sidelink resources for NR SL transmission (mode-1)
· SR/BSR aspects

In LTE V2X, the scheduled resource allocation is characterized by: the UE requests dedicated sidelink resources for transmission from the eNB and the eNB schedules transmission resources for sidelink control information and data. For the resource request procedure, the framework of SL BSR and SR that was designed for LTE D2D was inherited. For NR SL transmission mode-1, such SR and SL BSR mechanisms should also be needed.
Proposal 1: For NR mode-1 resource allocation, SR and SL BSR mechanisms are needed for the UE to request SL resource scheduling.
The SL BSR is used to provide the network with information about the amount of sidelink data available for transmission in the SL buffer. In LTE V2X, the SL BSR MAC CE includes three fields, i.e., Destination Index, LCG ID and Buffer size. The Destination Index is corresponding to the Destination ID that UE reported in the SidelinkUEInformation. For NR V2X, we think the information provided by all above three fields is  still useful and should all be included in SL BSR for NR mode-1.  
Proposal 2: For NR mode-1, SL BSR should include at least the following information:
· indication of the Destination;
· LCG ID;

· Buffer Size. 

In LTE V2X, only broadcast services are supported and the Destination index/Destination ID is used to reflect different services. By contrast, in NR sidelink unicast and groupcast services should also be supported. RAN1 is now studying physical layer mechanisms specific for unicast and groupcast communication which would be different from that of sidelink broadcast communication. Specifically, RAN1 has reached the consensus to support HARQ feedback for unicast and groupcast. In mode-1, the resources for HARQ feedback may also need to be decided and given by the gNB to the UE together with the resources scheduled for SCI/data transmission. So from the resource allocation point of view, there would be potential difference between the broadcast and unicast/groupcast. 
Above example means that the SL BSR may needs to inform the gNB of whether the resources it is requesting is for broadcast or for unicast/groupcast. A simple way to achieve that is to establish the linkage between the Destination information and the cast type, and make it realized by the gNB. Then, the gNB can be aware of the amount of data pending for transmission for each cast type.
Proposal 3: RAN2 to discuss whether it is necessary to indicate the cast type for the available data in the SL BSR, and if yes how to realize such indication (e.g. via the Destination information included implicitly, etc.).
In LTE V2X, the SL BSR has low priority than the Uu BSR in the logical channel prioritization procedure. Therefore if both the Uu BSR and SL BSR are triggered but the UL grant size cannot accommodate both of them, the UE shall prioritize the transmission of the UL BSR. This, if directly inherited to NR SL, will obviously increase the latency of the V2X services to be transmitted in sidelink, which is undesirable especially for those advanced V2X services requiring very low latency. So, it seems more reasonable to take into account the delay requirements of the data (both data in UL and that in SL) that triggered the BSR(s), when determining the relative priority of UL BSR and SL BSR in NR.
Proposal 4: RAN2 to study whether the delay requirements of the data that triggered the BSR(s) should be taken into account when determining the relative priority of SL BSR and UL BSR. 
No let us turn the focus from SL BSR to SR for NR mode-1. In LTE Uu, the UE can only be configured with at most one SR configuration and one set SR resources, which can be applied to signal an SR as long as any pending SRs exist
. This means that no matter for which link (UL or SL) the UE has data available for transmission, the same SR resources (if configured) are used. In NR Uu, the UE can be configured with more than SR configurations and each SR configuration is associated with a set of SR resources. The motivation to introduce the multiple SR configurations and SR resources is to fulfil the diverse QoS requirements of services. Specifically, there is a mapping between SR configurations and LCHs configured by the gNB, so that the SR signalled via the PUCCH resources of a SR configurations reflecting the LCH that actually triggered the SR and thus facilitates the gNB subsequent UL resource scheduling (either for BSR or directly for data).
For the V2X services in NR, the QoS requirements are also quite diverse according to [2]. So it is beneficial to follow the multiple SR configurations design in NR Uu for the V2X transmission in NR sidelink. For example, for the delay-critical V2X services, the SR resource can be densely configured than the one configured for the services not requiring that strict delay. Then, on the one hand, upon arrival of the data of the delay-critical service, the UE can have the opportunity to send the SR as soon as possible; one the other hand, when the gNB receives the SR from the PUCCH resources configured for delay-critical services, the gNB can know that the delay-critical data is available for transmission in this UE and thus may prioritize allocation of the UL resources for this UE to signal its SL BSR timely. 
Proposal 5: Multiple SR configurations and corresponding PUCCH resources can be configured to the UE. An SR configuration with the corresponding PUCCH resources is associated with one or more V2X services and used to signal an SR when there is a pending SR(s) triggered by the available data of the associated service(s). 
As for how to specifically associate the SR configuration with the V2X services for sidelink transmission, we understand it would rely on the PC5 V2X QoS modelling. For example, if the bearer-level QoS modelling (e.g. 5QI based) is finally adopted and the sidelink radio bearers/sidelink logical channels are configured by the gNB, then similar to NR Uu, each SR configuration and the corresponding PUCCH resources can be associated with one or more sidelink logical channel(s), and each sidelink logical channel can be mapped to one SR configuration. 
Proposal 6: How to associate the SR configurations with the V2X services for sidelink transmission should be discussed, after PC5 V2X QoS modelling and SL radio bearer/logical channel configuration mechanism are concluded.
Another possible SR enhancement for NR mode-1 is to introduce dedicated PUCCH resources for SR which can be used only for the pending SR triggered by an SL BSR. One benefit of this enhancement is that after receiving the SR, the gNB can get to know that it is some data in SL that needs to be transmitted by the UE, so that the gNB can choose to directly assign some SL resources, besides the UL grant for SL BSR, which would reduce the latency of the data transmission via SL. Another benefit of this enhancement, i.e. SL specific SR resources, is via the SR resources where the SR is received, the gNB would differentiate whether the UE needs to report Uu BSR or SL BSR. As a result, the gNB can schedule the suitable size of UL grant to accommodate the corresponding BSR. However, this benefit seems not so outstanding compared with the first one.
Proposal 7: RAN2 to discuss whether to introduce dedicated PUCCH resources for SR in terms of NR mode-1 (i.e. used to signal SR only for the pending SR(s) triggered by SL BSR).
· Configured SL grant in NR mode-1. 
In RAN1 #94bis, it was already agreed that "For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell."[3]. Since the advanced V2X use cases are also supported in NR SL, we think that multiple SL configured grant should also be supported for NR sidelink. 

Proposal 8: RAN2 to support multiple configured SL grants for NR mode-1.
So RAN2 may study the potential RAN2 impacts to support multiple configured SL grant. In LTE V2X, a V2X UE can report traffic pattern information to the eNB through UE assistance information reporting (including traffic periodicity, timing offset of the packet arrival, PPPP, PPPR, Destination Layer-2 ID, and TB size based on observed traffic pattern, etc.), in order to assist the eNB to configure/activate suitable SPS configurations based on the traffic pattern of the available data the UE actually has. This we think is still needed in NR mode-1 to support multiple SL configured grant.

Proposal 9: The UE assistance information reporting should be supported to assist the configuration of multiple configured SL grants by the gNB in NR mode-1.  

· Enhancements in handover
In LTE V2X, an exceptional resource pool can be configured to a V2X UE by the network, which can be used when the UE detects radio link failure, or initiates connection re-establishment. In addition, during handover, an exceptional resource pool configured by the target UE though RRCConnectionReconfiguration message can be used by the UE. Random selection method will be adopted when a V2X UE selects transmission resource from an exceptional resource pool. Such scheme inevitably brings in collision problems, and is unbeneficial for some advanced V2X services, which may have high reliability requirements. In order to guarantee the service continuity for advanced V2X services during handover, we propose dedicated SL configured grant can be provided by the target gNB through handover command. When handover procedure is executed, the specific SL configured grant will be used to transmit sidelink data.

Proposal 10: During handover, configured SL grant can be provided by the target gNB via handover command to transmit SL data.
2.2 gNB schedules sidelink resources for LTE SL transmission
To support the NR Uu control for the LTE mode-3 resource allocation, the impact on the related L2/L3 signalling should be studied. The RAN2 impacts may be two folded as follows:

·  How the gNB is able to configure scheduling resource pool on a proper the RAT, i.e. LTE SL and/or NR SL: The UE may have data that needs to be transmitted on LTE SL, NR SL or both. So the gNB needs to know the specific SL RAT(s) on which the UE's available data needs to be transmitted, and thus configures the UE with mode-1 resource pool in NR SL and/or mode-3 resource pool in LTE SL accordingly. The resource pool configuration may be done by the gNB depending on the SidelinkUEInformation signalled from the UE in LTE V2X, so in NR, we may need to find way for the gNB to know the RAT associated with the available of the UE to facilitate mode-1/mode-3 resource pool configurations on NR SL/LTE SL.
Proposal 11: The gNB may need to distinguish the RAT(s) associated with UE's available data from SidelinkUEInformation, so as to configure scheduling resource pools on the proper SL RATs (i.e. mode-1 pool for NR SL and/or mode-3 pool for LTE SL). 

·  From the SL BSR perspective, how the gNB distinguishes the SL RAT(s) each buffer status reported actually corresponds to: Specifically, the gNB needs to know the volume of data that needs to be transmitted on LTE SL and on NR SL respectively, so as to properly dimension the SL grant size on each SL RAT. So a way needs to be developed by RAN2 to achieve this goal. In Rel-15 eV2X, it was already agreed by RAN2 to have DST to Tx profile mapping configured in the eNB; in case the gNB is able to derive the RAT of each DST included in the SL BSR in the similar way, then a uniform SL BSR applied to both LTE SL mode-3 and NR SL mode-1 can be considered. 
Proposal 12: A way is needed by the gNB to distinguish the buffer size of the LCHs for LTE SL and that of the LCHs for NR SL.
Proposal 12a: In case the gNB is able to obtain the RAT of each DST, the gNB derives the RAT corresponding to each BS depending on the BS's associated DST; thus, a common SL BSR can be applied to both LTE SL and NR SL.
3  Conclusion

In this paper, we discussed the gNB scheduled resource allocation for both NR SL transmission and LTE SL transmission, and have the following observations and proposals.
Proposal 1: For NR mode-1 resource allocation, SR and SL BSR mechanisms are needed for the UE to request SL resource scheduling.
Proposal 2: For NR mode-1, SL BSR should include at least the following information:

· indication of the Destination;

· LCG ID;

· Buffer Size.

Proposal 3: RAN2 to discuss whether it is necessary to indicate the cast type for the available data in the SL BSR, and if yes how to realize such indication (e.g. via the Destination information included implicitly, etc.).
Proposal 4: RAN2 to study whether the delay requirements of the data that triggered the BSR(s) should be taken into account when determining the relative priority of SL BSR and UL BSR.
Proposal 5: Multiple SR configurations and corresponding PUCCH resources can be configured to the UE. An SR configuration with the corresponding PUCCH resources is associated with one or more V2X services and used to signal an SR when there is a pending SR(s) triggered by the available data of the associated service(s). 
Proposal 6: How to associate the SR configurations with the V2X services for sidelink transmission should be discussed, after PC5 V2X QoS modelling and SL radio bearer/logical channel configuration mechanism are concluded.
Proposal 7: RAN2 to discuss whether to introduce dedicated PUCCH resources for SR in terms of NR mode-1 (i.e. used to signal SR only for the pending SR(s) triggered by SL BSR).
Proposal 8: RAN2 to support multiple configured SL grants for NR mode-1.
Proposal 9: The UE assistance information reporting should be supported to assist the configuration of multiple configured SL grants by the gNB in NR mode-1. 
Proposal 10: During handover, configured SL grant can be provided by the target gNB via handover command to transmit SL data.
Proposal 11: The gNB may need to distinguish the RAT(s) associated with UE's available data from SidelinkUEInformation, so as to configure scheduling resource pools on the proper SL RATs (i.e. mode-1 pool for NR SL and/or mode-3 pool for LTE SL). 

Proposal 12: A way is needed by the gNB to distinguish the buffer size of the LCHs for LTE SL and that of the LCHs for NR SL.
Proposal 12a: In case the gNB is able to obtain the RAT of each DST, the gNB derives the RAT corresponding to each BS depending on the BS's associated DST; thus, a common SL BSR can be applied to both LTE SL and NR SL.
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� Strictly speaking, this is for the non-CA case; for CA case, there can be two SR configurations respectively on the Pcell and the PUCCH Scell. But the key point here for non-CA case and CA case is the same: in LTE the PUCCH resources for SR can signal an SR as long as any pending SR exists regardless of how/by which LCHs the pending SR was actually triggered. 
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