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1. [bookmark: _Ref298777854][bookmark: _GoBack]Introduction
3GPP has approved the following objective for coexistence between LTE and NR V2X [1]: 
6:  Coexistence [RAN1]: 
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR side-link and LTE side-link technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR side-link coexisting with V2X service provided by LTE side-link 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 side-link with non-3GPP technologies will not be defined by 3GPP. 
In RAN1#95 meeting, the RAN1 Group made the following agreements on the coexistence between LTE and NR side-links [2]:
Agreements:
· Consider solutions for side-link coexistence for the following: 
· Potential LTE V2X Tx and NR V2X Tx
· Potential LTE V2X Tx and NR V2X Rx
· Potential LTE V2X Rx and NR V2X Tx
· FFS the case of potential LTE V2X Rx and NR V2X Rx, e.g., whether or not it can be handled implementation

Agreements:
RAN1 will identify both TDM and FDM solutions for coexistence. The specific support for each solution is FFS.
For FDM solutions: 
· For both dynamic and semi-static power allocation solutions, RAN1 assumes synchronization between NR and LTE V2X side-links, for a NR V2X UE when NR and LTE V2X side-links are intra-band
· The case of inter-band is FFS
Note: If the identified solutions can be applied to systems that are not synchronized, then RAN1 may revisit this assumption.
Also, RAN1 #95 made the following agreement on the NR side-links [2]:
Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

Agreements:
· BWP is defined for NR side-link.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signaling is exchanged in side-link for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the side-link aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.
[bookmark: R1-ah-32820]Also, RAN1 made the following agreements in RAN1 #Ah-32820:
Agreements:
· For TDM solutions for in-device coexistence between LTE and NR V2X:
· Time Alignment
· Subframe boundary alignment is required between LTE and NR V2X sidelinks
· Both LTE and NR V2X sidelinks are aware of the time resource index (e.g., DFN for LTE) in both carriers
Agreements:
· For long term time scale TDM solutions for in-device coexistence between LTE and NR V2X:
· For a UE with coexistence impact, non-overlapping (in time domain) resource pools are (pre-)configured for NR V2X and LTE V2X sidelinks
· No information is exchanged between LTE and NR sidelinks within the UE
· Long term time scale TDM solution is feasible from RAN1 point of view
· Note: although feasible, it is expected that such a solution may have impact on latency, reliability and data rate requirements for some applications 
· No additional modifications to LTE specifications are needed
RAN1 is also discussing that for TDM coexistence of LTE and NR side-links, how to prioritize one RAT over another when Tx/Tx or Tx/Rx overlap occurs. This prioritization may require some information exchange between LTE and NR side-links within the UE. 
3GPP is limiting the scope of coexistence of LTE and NR side-links for different channels and not for a co-channel scenario. However, an operator may ask whether it is possible to have LTE side-links and NR side-links on the same channel (TDM or FDM)? Is it possible to support the co-channel scenario for the coexistence between LTE and NR side-links (with different numerologies) using a configuration only? Another question: is it possible to have FDM coexistence between LTE side-links and NR side-links (with higher numerologies) on adjacent channels? 
1. The Coexistence Between LTE and NR Side-links
3GPP NR V2X shall support coexistence between LTE and NR side-links, so an NR vehicle can communicate the basic safety messages (BSM) with an LTE vehicle to avoid collisions, and communicate advanced messaging (e.g., advanced video data) or BSM with an NR vehicle, at the same time. Although, RAN1 is discussing some issues regarding the coexistence such as the hardware implementations will not allow for simultaneous transmission on LTE and reception on NR or vise versa. In RAN1 #95, the Group discussed both “TDM” as well as “FDM” solutions for coexistence of LTE and NR side-links. 

A summary of coexistence aspects of NR-V2X is presented in [3]. Based on [3]: 
· “The majority of companies proposed to consider only TDM solutions for coexistence. A few companies did propose to also consider FDM solutions. Therefore, we need to agree on whether further study of FDM solutions is needed. The details of FDM solutions need to be identified if we decide to proceed with studying these solutions as well.” 
· “Companies also discussed the details of the TDM solutions on top of agreements in previous meeting including long term and short-term coordination between the two modules. It was considered that short term coordination required a lot of information exchanges between the modes but provided some benefits in managing the coexistence. On the other hand, while long term coordination is simpler for implementation, it had limited benefits in minimizing the impact and effects of coexistence.”
Another aspect of the design of NR side-link that was discussed in RAN1 #95 was allowing different numerologies such as higher sub-carrier spacings (SCS) such as 30 KHz and 60 KHz and defining different bandwidth parts (BWPs) for NR side-links. Supporting of higher SCS allows NR to enhance the performance of NR V2X air-interface latency. Both TDM and FDM solutions for coexistence are agreed in RAN1. 
1. On TDM Coexistence of LTE and NR Side-links 
The NR V2X TR 38.885 defines the resource pool for the V2X side-link communications as follows: “A resource pool is a set of time-frequency resources that can be used for side-link transmission and/or reception. From the UE point of view, a resource pool is inside the UE’s bandwidth, within a side-link bandwidth part and has a single numerology. Multiple resource pools can be (pre-) configured to a UE in a carrier.” By defining different resource pools for LTE side-links and NR side-links in TDM fashion and not simultaneous, the LTE and NR side-link messaging do not occur at the same time, so can this resolve the TDM coexistence of LTE and NR side-links without prioritization of one RAT over another? Since the NR vehicles support both LTE side-links and NR side-links, an NR vehicle is still capable to transmit “BSM” during LTE resource pool, using LTE technology. 

Currently, the scope of this coexistence between LTE and NR side-links is limited to non-co-channel scenarios. One question for a wireless operator could be: “how a wireless operator can deploy both LTE side-links and NR side-links on the same channel (co-channel)?”  

1. Co-Channel Deployment of LTE and NR Side-links
For a 5G wireless operator intending deployment of NR side-links and LTE side-links on the same channel, question is how this can be done. Can this be done by defining different resource pools for LTE side-links and NR side-links, in a TDM fashion (not simultaneously)? Assuming that the multiple resource pools are appropriately defined that split the resources of one channel TDM in time, it is expected the NR side-links and LTE side-links to exist on the same channel (co-channel).  

[image: ]
Figure 1 – Defining LTE and NR side-links resource pools in TDM fashion on the same channel

Observation 1: Study is needed to check the feasibility of coexistence between NR side-links and LTE side-links on the same channel (co-channel) by defining the resource pools for each one appropriately in the TDM fashion. 
If this is possible, since an NR vehicle has both NR UE as well as LTE UE, it can transmit/receive NR SL messages during the NR pool and LTE SL messages during the LTE pool. 
1. On LTE and NR Coexistence of Adjacent Channels -  NR Using Higher Numerologies
Support of LTE and NR side-links for intra-band, specially for adjacent channels is within the scope of 3GPP. NR supports several numerologies and SCSs for different frequency bands and appropriate for different deployments. One important advantage of the higher SCSs is supporting shorter latencies due to shorter OFDM symbol durations. This advantage could help NR V2X to position itself compared to LTE V2X. However, LTE always uses 15 KHz SCS. 

For inter-band FDM solutions for coexistence of LTE and NR side-links, no synchronizations are assumed. For LTE and NR coexistence on adjacent channels, other than Tx/Tx and Tx/Rx issues, is any time and frequency synchronization required? The LTE 15 KHz SCS is not orthogonal with the NR 30 KHz or 60 KHz SCS, and this may require guard-band to avoid inter-numerology interference, between the side-links unless NR uses 15 KHz SCS, as well. Can this be resolved by appropriately partitioning the NR band by defining different bandwidth parts for NR side-links? The study of FDM coexistence of LTE and NR side-links should also cover the intra-band and also adjacent-channel scenario. 

Observation 2: Study should be performed for the coexistence of LTE and NR side-links for intra-band and specially the adjacent-bands scenarios. 
1. Summary
This contribution is discussing the coexistence between NR side-links and LTE side-links and raising questions how can this be supported on co-channel or intra-band (adjacent-channel) deployments?
Observation 1: Study is needed to check the feasibility of coexistence between NR side-links and LTE side-links on the same channel (co-channel) by defining the resource pools for each one appropriately in the TDM fashion. 
Observation 2: Study should be performed for the coexistence of LTE and NR side-links for intra-band and specially the adjacent-bands scenarios. 
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