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1	Introduction
RAN plenary #80 approved a study item on NR V2X [1] . This study item targets, among other objectives, the mechanisms for coexistence of NR V2X, detailed as below:
	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.



So far, the discussions in RAN1 have mainly focused on the in-device coexistence topic. Most recently, RAN1#94-bis has made the following agreements regarding in-device coexistence:
	Agreements:
· In the context of in-device coexistence between NR and LTE V2X sidelinks (not co-channel), 
· TDM solutions are those that prevent overlapping or simultaneous NR and LTE V2X sidelink transmissions.
· FDM solutions are those that involve simultaneous transmissions of NR and LTE V2X sidelink transmissions and defining mechanisms for sharing the total device power between the two.
Agreements:
· For TDM solutions, LTE and NR V2X sidelinks are assumed to be synchronized 
· FFS accuracy of time alignment/synchronization
· FFS alignment whether slot level and/or DFN based alignment is needed

Agreements:
· For TDM solutions, the following aspects are studied in RAN1: 
· Long term time-scale coordination
· Potential transmissions in time of LTE and NR V2X are statically/quasi-statically determined
· UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS
· Short time-scale coordination
· Transmissions in time of LTE and NR V2X are known to each RAT (details FFS)
· UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS
· FFS coordination details
· FFS UE assistance for coordination



In this contribution we discuss some details regarding in-device coexistence and repeat our views on the non-cochannel service-level coexistence.
[bookmark: _Ref178064866]2	In-device coexistence between NR SL and LTE SL
2.1	TDM-based solution
For an efficient coexistence of the NR SL and LTE SL it is important that some inter-RAT coordination mechanism is specified. We see that the long-term time-scale coordination is more suitable for periodic type of traffics such as traffic of safety-related services, where the UE can expect some regular patterns of packet arrivals from the higher layers and therefore can plan ahead the transmissions in each RAT. This type of coordination is hard to achieve for non-periodic and latency-critical packets, which are expected to be more common in the advanced services supported by NR V2X. In this case short-term solutions are more suitable and here the issue of overlapping in time of SL transmissions from the two RATs is critical. 
[bookmark: _Toc528954275]Both long-term and short-term coordination solutions are needed.
In case an NR SL transmission overlaps in time with an LTE transmission we anticipate that some kind of prioritization should be considered. It is tempting to define some prioritization rules based on QoS parameters such as priority of the packets to be transmitted in the two RATs or how congested the RATs are. However, we believe that it is not possible to define such rules now when the QoS framework for NR V2X has not been developed. 
[bookmark: _Toc528954278]RAT prioritization for TDM-based coexistence is only considered when the QoS framework for NR V2X has been developed.
One important aspect of the coexistence is the time alignment of the two RATs. We believe that the alignment at the DFN level, i.e., the numbering of slots/subframes is necessary, at least to have a common understanding of the resource pool configurations in the two RATs. The slot-level alignment, meaning that the starting point of slots in NR and subframes in LTE are aligned to certain extent, is also very beneficial since it helps in reducing overlapping transmissions of the two RATs. Here the operating NR numerology may have an impact on the requirements of slot-level alignment because the higher the subcarrier spacing the shorter the OFDM symbol and slot, hence the less tolerant to timing misalignment.
[bookmark: _Toc528954279]Both slot-boundary and DFN alignment are necessary for TDM coexistence.
[bookmark: _Toc528954280]RAN1 study mechanisms for both slot-level and DFN-level time alignment of LTE SL and NR SL. The mechanisms should consider at least the impact of numerology.

2.2	FDM-based solution
In our view, the FDM between NR SL resource pool and LTE SL resource pool has a big advantage of allowing simultaneous transmissions on both RATs, thereby utilizing radio resources more efficiently and suitable to support low latency services on both RATs. FDM of NR and SL resource pools is also natural in ITS bands, where we envision that each RAT can be allocated an individual channel, e.g., a 10 MHz channel in the 5.9 GHz band.
[bookmark: _Toc525928768][bookmark: _Toc528954281]Solutions for FDM coexistence of LTE V2X and NR V2X sidelink transmissions are introduced.
In our companion contribution [2] we discuss the role of bandwidth part (BWP) for NR SL and propose the concept of SL BWP. We also propose not to support multiple numerologies for NR in the same SL carrier. In [3] we also discuss the resource configuration for coexistence of NR SL and LTE SL. There we envisage that for the case that LTE SL and NR use the same SCS, segregation of the systems using resource pools is enough. In contrast, for the case that LTE SL and NR use different SCS, then it is necessary to prevent inter-carrier interference. 
[bookmark: _Toc525928769][bookmark: _Toc528954282]For in-band deployment of NR SL and LTE SL in licensed carrier, from an NR point of view:
· [bookmark: _Toc525898582][bookmark: _Toc525928770][bookmark: _Toc528954283][bookmark: _Toc525898583]For same SCS, separation through non-overlapping pools is assumed.
· [bookmark: _Toc525928771][bookmark: _Toc528954284]For different SCS, separation through non-overlapping BWPs is assumed.
[bookmark: _Ref189046994]3	Service-level coexistence and forward compatibility
3.1	Coexistence of V2X services provided by different releases of 3GPP V2X
Due to possible coexistence scenario of different 3GPP radio access technologies (RATs) i.e. LTE or NR or a release of a RAT i.e. LTE Rel-14 or LTE Rel-15 and the distributed nature of V2X system, it is of foremost importance that interoperability at service level is ensured. Therefore, we believe that each service is served by a specific radio access technology (RAT) or release of a RAT. For example, day-1 safety messages may be carried by LTE Rel-14, platooning messages may be carried by LTE Rel-15, and cooperative driving services may be carried by NR Rel-16. Any UE participating in a service may assume that all its messages belonging to that service will be understood by all other UEs participating in the same service.
[bookmark: _Toc521334547][bookmark: _Toc521334548][bookmark: _Toc521686134][bookmark: _Toc525928761][bookmark: _Toc528954276]Any UE participating in a service may assume that its messages will be understood by all other UEs interested in the same service. 
Our position is that interoperability should be ensured at service level. Given this principle, we believe that RAN2 should be the leading working group for this study.
[bookmark: _Toc521686128][bookmark: _Toc525928765][bookmark: _Toc528954285]Interoperability is ensured at service level.
[bookmark: _Toc521686129][bookmark: _Toc525928766][bookmark: _Toc528954286]RAN2 to lead the study on interoperability at service level.
Furthermore, it is to be noted that the above does not imply that the basic V2X services (i.e. day-1 safety service) are only provided by LTE. NR system should also be able to provide such services to allow future stand-alone NR V2X operations.
3.2 	Coexistence across different releases of NR sidelink (Forward compatibility of NR sidelink)
It is stated in the SI description that the flexibility of NR sidelink framework would allow easy extension of NR system to support the future development of further advanced V2X services and other services. This forward compatibility guideline means the NR PC5 design must allow earlier sidelink specification (e.g., in Rel-16) to be easily extended in later releases (e.g., in Rel-17) so that:
· Old (e.g. Rel-16) and new (e.g. Rel-17) UEs can coexist in the same radio resources without causing significant degradation to each other.
· Old UEs must be able to decode all the relevant control signalling to enable coexistence and efficient radio resource management.
· Old UEs are not required to decode message parts (control, data) that are not necessary to enable coexistence.
The above requirements have some implications on the radio design of NR PC5 as considered in [2].
[bookmark: _Toc521686135][bookmark: _Toc525928762][bookmark: _Toc528954277]Forward compatibility of NR V2X is essential to support future V2X services.
[bookmark: _Toc521686130][bookmark: _Toc525928767][bookmark: _Toc528954287]Forward compatibility considerations are prioritized in NR sidelink design.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Both long-term and short-term coordination solutions are needed.
Observation 2	Any UE participating in a service may assume that its messages will be understood by all other UEs interested in the same service.
Observation 3	Forward compatibility of NR V2X is essential to support future V2X services.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAT prioritization for TDM-based coexistence is only considered when the QoS framework for NR V2X has been developed.
Proposal 2	Both slot-boundary and DFN alignment are necessary for TDM coexistence.
Proposal 3	RAN1 study mechanisms for both slot-level and DFN-level time alignment of LTE SL and NR SL. The mechanisms should consider at least the impact of numerology.
Proposal 4	Solutions for FDM coexistence of LTE V2X and NR V2X sidelink transmissions are introduced.
Proposal 5	For in-band deployment of NR SL and LTE SL in licensed carrier, from an NR point of view:
	For same SCS, separation through non-overlapping pools is assumed.
	For different SCS, separation through non-overlapping BWPs is assumed.
Proposal 6	Interoperability is ensured at service level.
Proposal 7	RAN2 to lead the study on interoperability at service level.
Proposal 8	Forward compatibility considerations are prioritized in NR sidelink design.
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