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Introduction  
One of the key objectives in the new SI on NR based V2X revolves around overall sidelink design for supporting advanced V2X use cases as described in [1]. 
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
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 

4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.
5: QoS management [RAN1, RAN2]:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2

6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 

Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.



In this regard, one of the main aspects to consider is the various V2X scenarios and their applicability to the advanced V2X use cases. In this document, we seek to address this and present our view.
Discussion
1.1 NR V2X operation scenarios
During Rel-14, different V2X operation scenarios were considered as part of the SI to cater to the V2X use cases and their associated requirements. In this regard, different scenarios based on the usage of PC5 and Uu were considered and different design aspects for each of these scenarios were discussed. The general description and operational aspects for these scenarios are discussed in Rel-14 TR [2]. For NR, while the use cases are different and varied, from an operational standpoint, we do not expect the discussion on operation scenarios to be fundamentally different. So, while the operational aspects to consider for NR V2X scenarios might (and indeed will) be different, the scenarios themselves should be similar to LTE V2X, i.e. whether the V2X operation is based only on PC5, only Uu or a combination of both (for V2V, V2I and V2P operation). Before considering any enhancements to support these scenarios, we think it worthwhile to discuss and agree in RAN2 that the broad operational scenarios for NR V2X should be defined, based on LTE V2X and this can be captured in the TR for this SI (refer to the appendix for illustration of the LTE scenarios captured in TR 36.885). Additionally, the 3rd scenario is similar to relay based operation and does not appear to be the focus of any particular SI objective. It was deprioritized from study in Rel-14 and we think it can similarly be deprioritized from RAN2 point of view.
Proposal 1:	V2X operation scenarios for this SI should be defined based on LTE Rel-14 baseline, i.e. operation over only PC5 and only Uu shall be considered for this SI.
1.2 Operational design aspects
Once the operational scenarios to consider have been determined, the next step is to consider various factors and operational aspects for each of these scenarios. In our view, at least the following need to be considered for NR V2X, some of which are discussed in more detail below:
· Advanced V2X use case
· Applicability of unicast, broadcast and groupcast communication
· gNB deployment consideration and network control
· multi-carrier operation (similar to LTE)
· Operational bands/frequency range for deployment (similar to LTE)
Advanced V2X use cases:
Compared to LTE, the addition of advanced use cases as a potential factor to consider for supporting the operational scenarios is important, since the SID explicitly mentions that the focus and scope of NR V2X SI is to target advanced V2X use cases. Since the broad set of NR V2X use cases have very different set of requirements, it is worthwhile to consider these use cases individually when designing NR sidelink and whether a particular operational scenario should be prioritized/deprioritized. In this regard, it could be useful to analyse individual use cases and the applicability to these use cases as below:



[bookmark: _Ref525827213]Table 1 Analysis of advanced V2X use cases and applicability to Uu or PC5 based operation
	Advanced use case
	Sub-division/scenario 
	Applicability to operational scenario

	Platooning
	Cooperative driving
	Primarily PC5 based communication between platoon members. Uu based operation might be useful for platoon leader operations.

	
	Reporting to RSU entity
	

	
	Information sharing between UEs
	

	Advanced Driving
	Emergency driving related
	Primarily based on PC5. For information sharing related to automated driving, both PC5 and Uu can be applicable. Video sharing primarily based on Uu

	
	Driving related information sharing to RSU entity
	

	
	Video sharing to V2X application server
	

	Extended sensor support
	Sensor information sharing between UEs
	PC5 based communication seems to be focus for both cases

	
	Video sharing between UEs
	

	Remote driving
	
	Predominantly based on Uu



From the preliminary analysis in Table 1, it can be shown that PC5 only based operational scenario seems ideally suited to support extended sensor support while Uu based operation is almost exclusively relevant for the remote driving use case. So, both PC5 only and Uu only modes of operation are valid. Additionally, as briefly discussed above, the need for the 3rd scenario from LTE V2X (i.e. Uu and PC5 based relay operation) needs to be sufficiently motivated, given that proposed NR sidelink enhancements in RAN1 already seek to enhance NR sidelink in substantial ways (e.g. HARQ feedback, resource selection mechanism enhancements, etc. [3]) to support the NR use cases. So, the mixed scenario itself needs further discussion before it is agreed to be studied.
Proposal 2a:	The set of NR advanced V2X use cases as in TS 22.186 shall be explicitly considered as a fundamental aspect for RAN2 design work.
Proposal 2b:	The following association between the advanced V2X use cases to realistic operational scenarios shall be considered:
· Both Uu and PC5 scenarios: platooning and advanced driving
· PC5 scenario: extended sensor support
· Uu scenario: remote driving

Support of unicast, groupcast and broadcast:
On the support of unicast, groupcast and broadcast over sidelink, we observe that LTE based V2X was based on broadcast transmission and reception over sidelink, so it can naturally be supported for NR V2X as well. Additionally, based on the V2X requirements for different use cases, i.e. platooning, advanced driving, extended sensor support and remote driving, it is clear from [1] that one-to-one and one-to-many communication needs to be supported. For instance, in the case of platooning, the platoon leader needs to be able to communicate with a set of specific vehicles within the platoon to get essential information. Similarly, a remote driving vehicle would require one-to-one communication with an RSU to support information exchange between the UE and the V2X application server. Therefore, supporting unicast and groupcast over sidelink needs to be studied for each scenario. Note that in order to support this behaviour over sidelink, several aspects including connection establishment/management aspects and QoS design need to be considered, which we discuss in our companion contributions [4] [5]. 
[bookmark: _GoBack]Proposal 3:	In order to efficiently support advanced V2X use cases, unicast and groupcast operation (in addition to broadcast) must be supported over sidelink.
Conclusion
[bookmark: _Ref458739888]This contributions discusses aspects related to overall design of NR sidelink for supporting advanced V2X use cases and makes the following proposals:
Proposal 1:	V2X operation scenarios for this SI should be defined based on LTE Rel-14 baseline, i.e. operation over only PC5 and only Uu shall be considered for this SI.
Proposal 2a:	The set of NR advanced V2X use cases as in TS 22.186 shall be explicitly considered as a fundamental aspect for RAN2 design work.
Proposal 2b:	The following association between the advanced V2X use cases to realistic operational scenarios shall be considered:
· Both Uu and PC5 scenarios: platooning and advanced driving
· PC5 scenario: extended sensor support
· Uu scenario: remote driving
Proposal 3:	In order to efficiently support advanced V2X use cases, unicast and groupcast operation (in addition to broadcast) must be supported over sidelink.
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Annex (LTE V2X operation scenarios)


(a) V2V operation


 
(b) V2I operation



(c) V2P operation
Figure 5-1: Scenario 1




(a) V2V operation



(b) V2I operation



(c) V2P operation


                   
(d) V2N operation
Figure 5-2: Scenario 2
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