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1. Introduction 
The Rel-17 package endorsed in [1] includes the following for the NR sidelink enhancement WI:
	NR Sidelink enhancements: Power efficiency, Resource allocation and potential other critical leftovers (TBD in March)


As Rel-16 5G V2X WI can be completed in this meeting, RAN can discuss whether/how to incorporate the Rel-16 leftovers. This contribution provides several candidates for this discussion. 

2. Discussion
Though several aspects (e.g., Rel-17 timeline, the number of online/offline meetings, etc.) need to become clear to estimate the workload in RAN WGs, RAN should be careful in adding a new objective to Rel-17 NR sidelink enhancement WI in order to ensure the completion of the already approved objectives (copied in Appendix). So, in identifying the “potential critical leftovers” in this paper, we consider only the solutions that enable NR sidelink to operate in some scenarios where Rel-16 NR sidelink cannot operate at all. The three identified leftovers are discussed in the subsequent subsections.

2.1. Multiple sidelink timing
In the UE feature discussion, RAN1 agreed “For Rel-16, UE supports sidelink transmission and reception using one reference timing.” However, the necessity of supporting multiple sidelink timing was mentioned by several companies in that discussion. When the serving cell is configured as the highest priority in the synchronization reference selection (e.g., for an area with no GNSS available, for fast switching between sidelink and Uu, etc.), sidelink with a single reference timing cannot support sidelink communication between two UEs associated with two different un-synchronized cells as illustrated in Figure 1. In order to support such an inter-cell sidelink operation in the un-synchronized cell deployment, Rel-12 LTE D2D supported the feature of sidelink reception using the timing of a neighboring cell. In Rel-12 D2D, a UE is still equipped with a single sidelink receiver but can switch its reception timing to a neighboring cell timing. The neighboring cells can coordinate such that their resource pools do not overlap in time. By reusing the same principle, NR sidelink communication can be supported in the un-synchronized cell deployment while keeping the gNB timing as the reference.
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Figure 1. An illustration of sidelink timing misalignment between UEs 

Support of multiple sidelink timing can be beneficial in another scenario like the out-of-network-coverage case where multiple sidelink synchronization clusters may be created. However, it is different from the un-synchronized cell case in the sense that it is difficult to expect some coordination across different synchronization clusters (e.g., TDM of resource pools used in different cells). Also, transmitting and receiving sidelink HARQ feedback can be an issue as the Rel-12 LTE solution, which supported only the broadcast type transmissions, was based on a single transmit timing. If these cases are to be considered essential, further RAN1 and RAN2 work is necessary beyond reusing the Rel-12 solution.
So, the minimum work RAN can consider for the multiple sidelink timing in Rel-17 can be to reuse the Rel-12 D2D solution if it is deemed essential to support the HARQ feedback disabled NR sidleink with gNB timing as the reference in an un-synchronized cell deployment. Support of another operation like multiple timing outside network coverage or multiple timing with HARQ feedback enabled requires new solutions.

2.2. Sidelink multi-carrier operation
An LS from 5GAA includes the following for the necessity of the sidelink multi-carrier operation [2]:
	(5) Sidelink multi-carrier operations
5GAA has the opinion that there can be some cases where a UE is required to use more than one NR sidelink carrier at the same time. An example is that different sidelink carriers are used for different V2X applications. In order to have a solution for such cases, 5GAA suggest to support sidelink multi-carrier operations in Rel-17.


Only a single sidelink carrier was considered in Rel-16, and RAN4 has defined several frequency bands for the sidleink operation including licensed band and ITS band. If there are cases where one service is provided in a sidelink carrier (e.g., a service commonly used by all the ITS stations in an ITS band) but another service is provided in another sidelink carrier (e.g., a service provided by a mobile operator in a licensed band), Rel-17 needs to support simultaneous sidelink operation over multiple carriers. As this scenario is already covered by Rel-15 LTE V2X enhancement WI, the same solution can be reused to minimize the work load.

2.3. Sidelink under Uu dual connectivity
RAN2 agreed that in Rel-16 only the master node can configure/schedule sidelink operation. This can cause a problem if the sidelink is operated in the carrier managed by a secondary node as no inter-node coordination is specified in Rel-16 as per the following RAN3 agreement:
	- On interference issue, Rel-16 does not introduce additional signaling enhancement for resource coordination between NG-RAN nodes. In Rel-16, existing solution, e.g. MR-DC coordination IE for Uu, could be used to solve the interference problem in the MN. 
- Further check with RAN1/RAN4 whether existing solution is enough to address the interference issue in Rel-17 (pending on the Rel-17 WID in RAN)
- Resource coordination between NG-RAN nodes (cell-specific / non-cell specific) is to be discussed in Rel-17 or TEI


For example, when a UE is configured with EN-DC (LTE in carrier #1 and NR in carrier #2) and the operator intends to allow NR sidelink in the NR carrier (carrier #2), Rel-16 allows the network control only from the LTE MN as shown in Figure 2 and NR SN cannot figure out how its NR Uu operation can be multiplexed with the sidelink operated in the same carrier. This RAN3 agreement is also mentioning the inter-node coordination as a possible work in Rel-17.
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Figure 2. An illustration of operating sidelink under Uu dual connectivity.

Additional solutions may be considered so that an SN directly controls the sidelink operation. Though this may be beneficial in that a tighter control (e.g., using DCI) becomes possible, more specification work is expected in RAN1 and RAN2.

3. Conclusions
This contribution discussed the potential critical leftovers for the consideration in Rel-17 NR sidelink enhancement WI. Three candidates were identified and they can be summarized as follows:
· Multiple sidelink timing
· Minimum work is to reuse the Rel-12 LTE D2D solution for sidelink reception using a neighboring cell timing. 
· Newly supported operation: Sidelink communication becomes possible among UEs belonging to different cells in the un-synchronized cell deployment even when each UE takes gNB timing as the reference.
· Sidelink multi-carrier operation
· Minimum work is to reuse the Rel-15 LTE V2X solution for sidelink carrier aggregation.
· Newly supported operation: Different sidelink services are provided in different sidelink carriers.
· Sidelink under Uu dual connectivity
· Minimum work is to define resource coordination between NG-RAN nodes.
· Newly supported operation: A UE configured with dual connectivity in Uu operates sidelink in a carrier controlled by the SN.
This contribution proposes to limit the Rel-16 leftovers considered for the inclusion in Rel-17 to the above candidates and make decision taking into account the commercial needs of the newly supported operations identified above.
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Appendix. The objective of the approved Rel-17 NR sidelink enhancement WI
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases.
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#88) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#89), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#88.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#88 is to be decided in RAN#88.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE
4. Support of new sidelink frequency bands for single-carrier operations [RAN4]
· Support of new sidelink frequency bands should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
· The exact frequency bands are to be determined based on company input during the WI, considering both licensed and ITS-dedicated spectrum in both FR1 and FR2.
5. Define mechanism to ensure sidelink operation can be confined to a predetermined geographic area(s) for a given frequency range within non-ITS bands [RAN2].
· This applies areas where there is no network coverage.
6. UE Tx and Rx RF requirement for the new features introduced in this WI [RAN4]
7. UE RRM core requirement for the new features introduced in this WI [RAN4]

Enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16, and Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-17 sidelink in a dedicated resource pool.
The solutions should cover both the operating scenario where the carrier(s) is/are dedicated to ITS and the operating scenario where the carrier(s) is/are licensed spectrum and also used for NR Uu/LTE Uu operation.
The solutions should support the network control of NR sidelink as in Rel-16, i.e., NR Uu controls NR sidelink using Layer 1 and Layer 2 signalling and LTE Uu controls NR sidelink using Layer 2 signalling.
In ITS carriers, it is assumed that any co-channel coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP.

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify the following requirements [RAN4]
· UE demodulation performance requirements
· UE RRM performance requirements
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