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Introduction
In RAN#80, the new SI named “Study on NR V2X” was agreed to study the enhancement to support advanced V2X services captured in TR 22.886. And the following objective for Uu-based sidelink resource allocation/configuration are identified [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 

And the following agreements for NR sidelink resource allocation mechanism were achieved at RAN1#94 meeting [2].
	Agreements:
· [bookmark: _GoBack]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
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
· UE autonomously selects sidelink resource for transmission
· UE assists sidelink resource selection for other UE(s)
· UE is configured with NR configured grant (type-1 like) for sidelink transmission
· UE schedules sidelink transmissions of other UEs
· RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication




In this contribution, we will discuss the potential enhancements of LTE Uu and NR Uu to support NR Mode 1 and Mode 2 resource allocation mechanisms. And our views on the potential enhancements of NR Uu to control LTE sidelink are provided in our companion contribution [3].
Discussion
Enhancement of NR Uu to control NR sidelink 
In LTE V2X, Mode 4 could be used for in-coverage, partial coverage and out-of-coverage scenarios and Mode 3 could be used for in-coverage scenario. For both of the transmission modes, the resource pools and other parameters could be configured via Uu signalling for the in-coverage scenario, e.g., the Uu siganlling could be used as the broadcast system information or dedicated signalling to a connected UE. And in our point of view, a resource pool like semi-static resource allocation mechanism should be reused in NR sidelink. And gNB could configure candidate resources for sidelink communication via SI or RRC signalling. To support this, new system information (SI) and dedicated signalling should be designed for NR Uu. 
Proposal 1: To support NR sidelink resource configuration, new broadcast SI and dedicated RRC signalling should be designed for NR Uu.
As the agreement of RAN1#94, scheduling-based mode, i.e., Mode 1, should be defined for NR sidelink. And for Mode 1, the base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s), and to support this, a new DCI should be designed. In LTE V2X, DCI format 5A was designed to allocate resources to Mode 3 UEs, and cross-carrier scheduling is also supported in LTE V2X, e.g., eNB could use DCI format 5A to schedule resources on ITS carriers. In NR sidelink, cross-carrier scheduling should also be supported to schedule resources for Mode 1 UE on ITS band. For cross-carrier scheduling for NR sidelink, different carriers may have different numerologies and the design of the new DCI should take this into account.
In Rel-15 NR, gNB could configure up to 4 UL BWPs on one carrier, allowing one of them to be the active UL BWP and gNB could also switch the active UL BWP among the configured UL BWPs dynamically via DCI. For NR V2X Mode 1 like transmission, the UE may use the same active UL BWP as in Rel-15 NR as the BWP for sidelink, so it is important to have the ability to switch the active UL BWP dynamically. For example, the V2X UE uses the same active UL BWP as the BWP for sidelink and dynamically switch it or the resource pool when the active UL BWP is changed. From the NR V2X point of view, the eNB/gNB could configure one or more BWPs for sidelink/resource pools on one carrier, allowing gNB/eNB to use a newly defined DCI to switch the sidelink transmission among the configured BWPs/resource pools. 
Proposal 2:  New DCI format should be designed for NR Uu controlling sidelink.  And the follow aspects should be studied further for the new DCI:
· Cross-carrier scheduling with different numerologies.
· BWPs/resource pools dynamic switching on one carrier.
Some other enhancements may also need to be considered for NR unicast/groupcast to be supported by NR V2X. HARQ feedback may be supported for unicast, and maybe also supported for groupcast. For NR unicast/groupcast transmission of a Mode 1 UE, it performs transmissions on the resources scheduled by gNB and maybe the sidelink destination UE can only provide the HARQ feedback directly to the source UE. In this case, gNB may not know whether the sidelink transmission fails or not and it is difficult for gNB to determine whether re-transmission resources should be allocated to the source UE or not. So, the HARQ feedback may also need to be sent to gNB 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, and this information for sidelink could be carried on uplink physical control channels, e.g., PUCCH.
Proposal 3:  Study physical layer uplink signalling procedure for NR unicast/groupcast in Mode 1.
Enhancement of LTE Uu to control NR sidelink 
One of the requirements of advanced V2X services is to support low latency e.g., <=3ms, which is not supported by LTE Uu. For example, the SR/BSR procedure may request more time on LTE Uu since LTE RATs have lower SR time domain density than NR RATs and LTE RATs only support 15 kHz subcarrier spacing and longer TTI. So, it is challenging work to support the requirement of low latency services via LTE Uu-based resource allocation (Mode 1 like), and it may also need a lot of modifications and enhancements to the LTE Uu to support low latency services. 
Observation 1: It is a problem to support the requirement of low latency services via LTE Uu-based sidelink resource allocation.
Multiple SCSs/numerologies should be supported in NR V2X, and as we discussed in section 2.1, a new DCI in NR Uu should be designed to support multiple numerologies for advanced V2X services. It is easy for NR Uu since multiple numerologies have been supported in Rel-15 NR. On the other hand, in LTE V2X, eNB uses DCI format 5A to schedule a Mode 3 V2X UE to send packet on the allocated resource within a resource pool, but there is only one SCS value in LTE (15 kHz), and multiple SCSs are not supported. So, it may require a lot of normative work for LTE Uu, if we want to specific cross-RAT scheduling.
Observation 2: It is a problem to support cross-RAT scheduling with different numerologies via LTE Uu-based sidelink resource allocation.
So, based on the analysis above, here we propose:
 Proposal 4: LTE Uu-based NR sidelink resource allocation (Mode 1 like) should be deprioritized.
As we discussed above, LTE Uu-based sidelink resource allocation (Mode 1 like) should be deprioritized, but it would be beneficial if the eNB could configure the resource pools and maybe other parameters that could be used for NR sidelink, because it could help the network control the NR sidelink resource when gNB is not available and may also reduce the interference between LTE V2X and NR V2X. In this way, V2V messages needed to support advanced V2X services are exchanged between the UEs in an LTE Uu cell coverage, i.e., Mode 2 like mechanism. For Mode 2, new SIB and RRC signalling on LTE Uu are needed for resource configuration of NR sidelink. When designing these higher layer signalling, the flexible NR time-domain scheduling and multiple numerologies should be considered.
Proposal 5:  Support NR sidelink resource configuration (Mode 2 like) via SIB or dedicated RRC signalling on LTE Uu. 

Conclusion
In this paper, the potential enhancements of LTE Uu and NR Uu to control NR sidelink was discussed and the following observations and proposals are given:
For NR-Uu controlling NR sidelink:
Proposal 1: To support NR sidelink resource configuration, new broadcast SI and dedicated RRC signalling should be designed for NR Uu.
Proposal 2:  New DCI format should be designed for NR Uu controlling sidelink.  And the follow aspects should be studied further for the new DCI:
· Cross-carrier scheduling with different numerologies.
· BWPs/resource pools dynamic switching on one carrier.
Proposal 3:  Study physical layer uplink signalling procedure for NR unicast/groupcast in Mode 1.
For LTE-Uu controlling NR sidelink:
Observation 1: It is a problem to support the requirement of low latency services via LTE Uu-based sidelink resource allocation.
Observation 2: It is a problem to support cross-RAT scheduling with different numerologies via LTE Uu-based sidelink resource allocation.
Proposal 4: LTE Uu-based NR sidelink resource allocation (Mode 1 like) should be deprioritized.
Proposal 5:  Support NR sidelink resource configuration (Mode 2 like) via SIB or dedicated RRC signalling on LTE Uu. 
Reference
[1] RP-182111, “Revised SID: Study on NR V2X,” 3GPP RAN#81, Gold Coast, Australia, September 2018.
[2] Chairman's Notes RAN1 94 final, 3GPP TSG RAN1 #94 Meeting, Aug. 20th -24th, 2018.
[3] R1-1810727, “Discussion on NR Uu based resource allocation/configuration for LTE Sidelink”, ZTE.
1

