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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.



RAN1 #94 made the following agreements on coexistence:
	
· Agreements on in-device coexistence scenarios
· For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective: 
· LTE sidelink and NR sidelink do not have any coordinated procedures
· LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
· RAN1 will focus on this scenario in the SI
· Agreements on potential solutions for coexistence
· RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 
· TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions.



In this contribution, we present our view on coexistence of V2X services and discuss some details of the two potential solutions for coexistence between NR SL and LTE SL identified in RAN1 #94.
[bookmark: _Ref178064866]2	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]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]Interoperability is ensured at service level.
[bookmark: _Toc521686129][bookmark: _Toc525928766]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 	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]Forward compatibility of NR V2X is essential to support future V2X services.
[bookmark: _Toc521686130][bookmark: _Toc525928767]Forward compatibility considerations are prioritized in NR sidelink design.
4	Coexistence between NR SL and LTE SL
Each of the two possible solutions identified in RAN1#94, namely TDM-based and FDM-based (listed in the Introduction section), for coexistence between NR SL and LTE SL has its own pros and cons, requiring careful study by RAN1. 
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. 
[bookmark: _Toc525928763]Frequency-multiplexing of LTE SL resource pool and NR SL resource pool has clear advantages over time-multiplexing in terms of resource utilization efficiency and support of 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]FDM of LTE V2X and NR V2X sidelink transmissions is supported.
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]For in-band deployment of NR SL and LTE SL in licensed carrier, from an NR point of view:
· [bookmark: _Toc525898582][bookmark: _Toc525928770][bookmark: _Toc525898583]For same SCS, separation through non-overlapping pools is assumed.
· [bookmark: _Toc525928771]For different SCS, separation through non-overlapping BWPs is assumed.
The FDM solution has the following technical issues:
· Half-duplex problem between NR SL and LTE SL operations. It may not be possible for a UE to transmit in one RAT and receive in another RAT at the same time because the self-interference can be very strong. 
· Power leakage: in-band emission or out-of-band emission from a transmission in one RAT of a UE will have negative impacts on the reception in the other RAT of another UE. 
· Power sharing of the two RATs. If a UE wants to transmit in the two RATs at the same time, it will need to share the transmit power, at least not to violate regulatory requirements on the emission level.
Note that the first two issues of the FDM solution also exist within each individual RAT but will be exacerbated with the inter-RAT coexistence. The third problem can be left to UE implementation. 
[bookmark: _Toc525737763][bookmark: _Toc525738155][bookmark: _Toc525897321][bookmark: _Toc525897711][bookmark: _Toc525897981][bookmark: _Toc525898006][bookmark: _Toc525898161][bookmark: _Toc525898196][bookmark: _Toc525898261][bookmark: _Toc525898281][bookmark: _Toc525900642][bookmark: _Toc525907069][bookmark: _Toc525911782][bookmark: _Toc525916604][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc525928772]RAN1 studies the impact of half-duplex constraints and in-band and out-of-band emissions on PHY design of NR SL.
4.1	Coexistence issues related to synchronization
Generally, it is desirable to have perfect synchronization between NR SL and LTE SL when they coexist. However, we believe that such an ideal scenario cannot be always guaranteed. For example, LTE SL may be deployed on an unlicensed 5.9 GHz carrier whereas a licensed carrier may be used for NR SL. Clearly, such configuration would have unsynchronized carriers. We see such scenarios as likely and commercially interesting. Thus, we believe that the design of NR SL should allow the two RATs (NR SL and LTE SL) to coexist and work efficiently even when they are not perfectly synchronized. 
[bookmark: _Toc525928764]NR SL and LTE SL may or may not be perfectly synchronized.
[bookmark: _Toc525928773]RAN1 study coexistence solutions for two cases: 1) LTE SL and NR SL are synchronized; and 2) LTE SL and NR SL are not synchronized.
5	Conclusion
We discussed various aspects of coexistence of NR SL V2X and LTE SL V2X. We observe the following:
Observation 1	Any UE participating in a service may assume that its messages will be understood by all other UEs interested in the same service.
Observation 2	Forward compatibility of NR V2X is essential to support future V2X services.
Observation 3	Frequency-multiplexing of LTE SL resource pool and NR SL resource pool has clear advantages over time-multiplexing in terms of resource utilization efficiency and support of low latency services on both RATs.
Observation 4	NR SL and LTE SL may or may not be perfectly synchronized.

Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	Interoperability is ensured at service level.
Proposal 2	RAN2 to lead the study on interoperability at service level.
Proposal 3	Forward compatibility considerations are prioritized in NR sidelink design.
Proposal 4	FDM of LTE V2X and NR V2X sidelink transmissions is supported.
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	RAN1 studies the impact of half-duplex constraints and in-band and out-of-band emissions on PHY design of NR SL.
Proposal 7	RAN1 study coexistence solutions for two cases: 1) LTE SL and NR SL are synchronized; and 2) LTE SL and NR SL are not synchronized.
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