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Introduction
The SI of “Study on NR V2X” has following objective for Uu-based sidelink resource allocation/configuration [1]:
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 
The earlier RAN1 meetings [2] reach the following agreements for LTE Uu controlling NR sidelink:
	Agreements:
· It is supported that LTE Uu provides at least necessary semi-static configuration for NR mode-2 SL communications
· FFS details
· Further study impact and benefits of LTE Uu managing NR mode-1 SL communications


and the following agreements for NR Uu controlling NR sidelink:
	Agreements:
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


and the following agreements for NR Uu controlling LTE sidelink:
	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 the potential enhancements of Uu based resource allocation/configuration, especially for Mode 1 resource allocation mechanisms in NR V2X and Mode 3 in LTE V2X. 
Discussion
LTE Uu controlling NR sidelink
One of the requirements of advanced V2X services is to support low latency e.g., <=3ms, which is difficult to LTE Uu. For example, the SR/BSR procedure may request more time on LTE Uu since LTE RAT has lower SR time domain density than NR RAT and only support 15 kHz subcarrier spacing and longer TTI. So, it is challenging work to meet the low latency requirement via LTE Uu-based resource allocation(Mode 1 alike), and it may also need a lot of modifications and enhancements to the LTE Uu to support low latency services. 
LTE Uu recognizes only 15kHz SCS, while NR V2X supports multiple SCSs. It requires a lot of normative work and is almost impossible for LTE Uu to support multiple numerology.
NR V2X supports unicast and groupcast at physical layer with HARQ functionality. But the support of unicast/groupcast on LTE Uu managing NR mode-1 SL may require significant layer 1 re-design and lots of specification efforts, including the UCI to convey information of SFCI on uplink and the DCI to convey information of SCI on downlink. 
Observation 1: For LTE Uu controlling NR mode-1 sidelink, 
· It can hardly meet the low latency requirements.
· It can hardly support unicast and groupcast, as well as the numerologies other than 15kHz.
In general, it generates a lot of issues and standard impacts on LTE Uu to support LTE Uu controlling NR mode-1 SL, and the benefit is not justified. 
Proposal 1: LTE Uu controlling NR sidelink mode-1 is not supported.
On the other hand, RAN1#94bis agrees to support at least necessary semi-static configuration provided by LTE Uu for NR mode-2 SL communications. For NR mode 2 communications, it would be beneficial if the eNB could configure the candidate resources (resource pools) possibly together with other parameters(e.g., the numerologies) for NR mode 2 communications. Consequently, new SIB and RRC signaling on LTE Uu are needed to convey these semi-static configurations. The signaling details are up to RAN2
Proposal 2:  At least the NR resource pool configuration is support for LTE Uu controlling NR sidelink mode-2. 
NR Uu controlling NR sidelink
At least two sidelink resource allocation modes are defined for NR-V2X sidelink, i.e., Mode 1(based on base station scheduling) and Mode 2(autonomous UE selection). For both modes, the resource pools could be configured via Uu signaling for the in-coverage scenario, e.g., the Uu signaling could be used as the broadcast system information or dedicated signaling to a connected UE, with signaling details up to RAN2.The SL BWP configuration (if defined) could be also included in such semi-static configuration. Different from LTE V2X, NR V2X supports transmission with HARQ feedback (e.g., for unicast and groupcast) and without HARQ feedback (e.g., for broadcast), and the resource pools or the candidate resources may be different for different transmission modes, so whether the resource pool configuration should be designed for each of the unicast/groupcast/broadcast cases is FFS.
Proposal 3: Support following in semi-static configuration on NR Uu controlling NR sidelink Modes 1 and 2.
· resource pool configuration
· FFS whether the resource pool configuration should be designed differently for each of the unicast/groupcast/broadcast cases.
· Sidelink BWP (if defined)
In order to support Mode 1, where the base station schedules resource(s) to be used by sidelink transmission(s), a new DCI should be designed. In LTE V2X, DCI format 5A was designed to allocate resources to Mode 3 UEs, including the support of cross-carrier scheduling. In the case of NR sidelink Mode 1, the new DCI needs to consider not only the cross-carrier scheduling, but also the different numerologies on different carriers. 
In Rel-15 NR, gNB could configure up to 4 UL BWPs per carrier, allowing one of them to be the active. The gNB could switch the active UL BWP among the configured UL BWPs dynamically via DCI. For NR V2X Mode 1 transmission, if BWP is eventually agreed for NR sidelink, the UE may use the same active UL BWP as in Rel-15 NR for sidelink, so it is important to have the ability to switch the active UL BWP dynamically. From the NR V2X point of view, the gNB could configure one or more BWPs/resource pools for sidelink on one carrier, allowing use of a newly defined DCI to switch the sidelink transmission among the configured BWPs/resource pools. 
Proposal 4:  New DCI format should be designed for NR Uu controlling NR sidelink. The following aspects should be studied further for the new DCI:
· Cross-carrier scheduling with different numerologies.
· Dynamic switching among BWPs/resource pools within one carrier.
For NR unicast/groupcast transmission in Mode 1, the sidelink source UE performs transmissions on the resources scheduled by gNB; the sidelink destination UE may only be able to provide the HARQ feedback directly to the source UE. In this case, gNB may not know whether the sidelink transmission fails or not and has no way to determine whether re-transmission resources should be allocated to the source UE. So, the HARQ feedback may also need to be sent to gNB from the source UE to assist gNB’s scheduling. In addition to HARQ feedback, the CSI information or beam management information on NR sidelink could also be sent to gNB. This information for sidelink could be carried on uplink physical control channels.
Proposal 5:  Study physical layer uplink control signaling and procedure for NR unicast/groupcast in Mode 1.
The following three NR sidelink resource allocation techniques by NR Uu for mode-1 are discussed:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by PHY signaling)
· Grant free transmission, i.e., configured by NR grant type-1
For NR grant type-2(i.e., SL SPS), this kind of allocation mechanism could be used for periodic traffics, and the aperiodic traffics are also should be supported in NR V2X, and the dynamic resource allocation mechanism could be used for these cases. And dynamic resource allocation mechanism is also imported for unicast and groupcast since the re-transmission resources of unicast/groupcast transmissions should be dynamic allocated basing on the HARQ feedback.  On the other hand, the support of the configured NR grant type-1 technique should be FFS for Mode 1. Since with the configured grant type 1 the same SL resource may be assigned to multiple UEs in shared manner, and UE will use this resource without any sensing, the configured grant type 1 seems not suitable for services required high reliability. On the other hand, it is not efficiency if UEs are allocated with non-overlapped grant free resources but without actual transmissions on these resources.
Proposal 6: For NR Uu controlling NR sidelink Model-1,
· Dynamic resource allocation should be supported at least for aperiodic traffics and unicast/groupcast transmissions.
· NR grant type-2(SPS) should be supported at least for periodic traffics
· Further study the benefit and necessity of applying NR grant type-1(grant-free).
NR Uu controlling LTE sidelink
For NR Uu controlling LTE sidelink mode-4, the details of signaling is up to RAN2. This section focuses on NR Uu controlling LTE sidelink mode 3. 
The NR Uu controlling LTE mode 3 sidelink requires equivalently another scheduler in gNB for LTE Mode3 sidelink, besides the scheduler for NR Mode 1 sidelink. In order to avoid the coexistence issue (such as half duplex, UE capability, etc.), the coordination has to be introduced between NR sidelink scheduler and LTE sidelink scheduler, and even between NR sidelink scheduler and LTE Uu scheduler if LTE sidelink shares the same carrier with LTE Uu link. The feasibility and complexity in supporting such coordination should be carefully evaluated.
The NR Uu controlling LTE mode 3 sidelink also requires the design of a new NR DCI as well as its associated procedures in order to dynamically control the LTE sidelink transmission in mode 3. Besides the content design of LTE sidelink resource grant in the NR DCI, whether to design a common DCI format (with one indication bit to tell to which sidelink the DCI targets) for both NR sidelink mode 1 and LTE sidelink mode 3 needs further consideration. 
Even though NR specification supports multiple numerologies, the cross-carrier scheduling with different SCSs is an optional feature for Rel-15 UE. The UE capability and other impacts on cross carrier scheduling with different SCS should be further studied. If NR DCI and its scheduled LTE sidelink transmission belong to different SCSs, the timing relationship between the two also needs further study.
Observation 2: For the NR Uu controlling LTE sidelink mode 3,
· It introduces additional complexity for the coordination among NR sidelink scheduler, LTE sidelink scheduler and may even LTE Uu link scheduler.
· It needs to introduce a new NR DCI format for scheduling LTE sidelink. The design of new DCI and the associated procedures requires significant work in standard. 
· It also needs quite some normative works to support cross-RAT scheduling with different SCSs. 
Based on above analysis, considering the work load and limited time of the SI/WI as well as the unclear benefit of NR Uu controlling LTE sidelink Mode 3 (comparing to NR Uu controlling LTE sidelink mode 4), we propose that
Proposal 7: NR Uu controlling LTE sidelink mode-3 is de-prioritized in Rel-15.
Conclusion
This contribution provides the following observations and proposals:
Observation 1: For LTE Uu controlling NR mode-1 sidelink, 
· It can hardly meet the low latency requirements.
· It can hardly support unicast and groupcast, as well as the numerologies other than 15kHz.
Observation 2: For the NR Uu controlling LTE sidelink mode 3,
· It introduces additional complexity for the coordination among NR sidelink scheduler, LTE sidelink scheduler and may even LTE Uu link scheduler.
· It needs to introduce a new NR DCI format for scheduling LTE sidelink. The design of new DCI and the associated procedures requires significant work in standard. 
· It also needs quite some normative works to support cross-RAT scheduling with different SCSs. 
Proposal 1: LTE Uu controlling NR sidelink mode-1 is not supported.
Proposal 2:  At least the NR resource pool configuration is support for LTE Uu controlling NR sidelink mode-2. 
Proposal 3: Support following in semi-static configuration on NR Uu controlling NR sidelink Modes 1 and 2.
· resource pool configuration
· FFS whether the resource pool configuration should be designed differently for each of the unicast/groupcast/broadcast cases.
· Sidelink BWP (if defined)
Proposal 4:  New DCI format should be designed for NR Uu controlling NR sidelink. The following aspects should be studied further for the new DCI:
· Cross-carrier scheduling with different numerologies.
· Dynamic switching among BWPs/resource pools within one carrier.
Proposal 5:  Study physical layer uplink control signaling and procedure for NR unicast/groupcast in Mode 1.
Proposal 6: For NR Uu controlling NR sidelink Model-1,
· Dynamic resource allocation should be supported at least for aperiodic traffics and unicast/groupcast transmissions.
· NR grant type-2(SPS) should be supported at least for periodic traffics
· Further study the benefit and necessity of applying NR grant type-1(grant-free).
Proposal 7: NR Uu controlling LTE sidelink mode-3 is de-prioritized in Rel-15.
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