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1. Introduction
This document provides a summary of the issues pertaining to the coexistence aspects (AI 7.2.4.5) of NR V2X. The summary is based on views expressed by companies in the respective contributions shown in References section. 
2. Coexistence Issues
Companies also discussed the details of the TDM solutions on top of agreements in previous meetings including the information exchanges that may be needed to enable long term or short term coordination between the two RAT implementation 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. Issues regarding AGC, managing prioritization between services etc were raised. Long term coordination was considered to be simpler for implementation but there are concerns on whether latency requirements would be impacted.
Issue 1: TDM Solution for NR V2X Coexistence
Most contributions discussed the TDM solution for coexistence with differing levels of support. The specific details and options among many contributions overlap and an attempt has been made to capture all the different options below. 
Based on a brief offline session some progress was made towards defining TDM solutions for potential inclusion in the TR. However, we ran out of time before consensus could be achieved on the wording of the agreement. The text below shows the status at the end of the offline discussion.
Proposals for agreement:
· 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: The latency, reliability and data rate requirements for some applications may not be met
· No additional modifications to LTE specifications are needed





Proposals for offline agreement:
Assuming SPS scheduling (mode -3 or mode-4) for LTE V2X, for short time scale TDM solutions for in-device coexistence for V2X,
· For each occurrence of Tx/Tx overlap, one RAT is prioritized over another 
· This requires some information exchange between LTE and NR sidelinks within the UE
· FFS: whether the information exchange between LTE and NR sidelinks can support this requirement
· FFS: if there is impact to RAN1 LTE specification with this agreement
· FFS: whether this solution can be up to UE implementation

· For each occurrence of Tx/Rx overlap, one RAT is prioritized over another 
· This requires some information exchange between LTE and NR sidelinks within the UE
· FFS: if there is impact to RAN1 LTE specification with this agreement
· FFS: whether this solution can be up to UE implementation
· FFS: If determination of priority for Rx operation is feasible and whether the information exchange between LTE and NR sidelinks can support this requirement

Proposals for offline agreement:
Assuming SPS scheduling (mode -3 or mode-4) for LTE V2X, short time scale TDM solution for in-device coexistence for V2X is feasible from RAN1 point of view if: 
· Information exchange between LTE and NR sidelinks can occur in a short time scale
· Priority of Rx operation can be determined 

Proposals for offline agreement:
Assuming SPS scheduling for LTE V2X, for short time scale TDM solutions for in-device coexistence for V2X operation between LTE and NR mode 1, 
· UE informs the network about potential coexistence issues (either between different sidelinks or between Uu and sidelink)
· FFS details of the signalling

Proposals for offline agreement:
Assuming SPS scheduling for LTE V2X, for short time scale TDM solutions for in-device coexistence between LTE and NR V2X:
· Types of information that can be exchanged between LTE and NR V2X are: 
· Sidelink resource allocations
· synchronization information
· Active resource utilizations
· Sensing information


Issue 2: FDM Solution for NR V2X Coexistence
Most companies also discussed the FDM solution for coexistence with some differing levels of support. We’ve agreed in RAN1 to define both solutions and so discussion of the details of both solutions is warranted. The details of the FDM solutions as proposed by all the contributions have been captured below as much as possible. 
Issue 2-1: FDM solutions for intra-band or inter-band coexistence
[bookmark: _GoBack]Proposal for agreement:
· Inter-band FDM Solutions for coexistence
· For static power assignment of Pc,max for each carrier
· [bookmark: _Ref534810133]Synchronization is not assumed for inter-band coexistence of NR sidelink and LTE sidelink.
· This FDM solution is feasible for resolution of Tx/Tx coexistence conflicts
· If the band separation is large enough (based on RAN4 indication), then this FDM solution for coexistence is feasible for Tx/Rx coexistence
· If the band separation is NOT large enough, then this FDM solution is not feasible for resolution of Tx/Rx coexistence conflicts
· For dynamic power sharing between carriers, 
· FFS details of FDM solutions and whether they are feasible






· 
· Intra-band FDM solutions for coexistence
· Timing alignment
· Symbol level synchronization is assumed?
· Issues raised regarding intra-band FDL simulations
· AGC impact on Rx when LTE and NR V2X transmissions overlap
· Phase discontinuities between overlapped and non-overlapped transmissions
· FFS on how these issues are resolved




Issue 2-2: Power sharing rules for FDM solutions for coexistence
Topics for discussion:
· Power sharing rules
· Static allocation
· Fixed separation of allocated power levels for LTE and NR V2X
· Semi-static allocation 
· Allocation of max power levels for LTE and NR V2X is based on (pre-)configuration
· Dynamic distribution of power between LTE and NR V2X
· EN-DC power control/sharing mechanisms are assumed as a baseline
· Priority based power allocation
· FFS whether QoS/PPPP should be considered for dynamic power allocation
· FFS mapping rules between 5QI and PPPP for NR and LTE V2X
Issue 2-3: Other aspects of FDM solutions:
Topics for discussion:
· Send LS to RAN4 asking them about the necessary frequency separation requirement such that there are no half-duplex limitations when FDM solutions are considered in NR V2X
· FFS how to handle intermod and reverse intermod distortions to meet emission requirements when LTE and NR transmissions occur simultaneously
· Can equal PSD be assumed given that PSCCH is power boosted by 3dB in LTE V2X?
· FFS whether there is any impact on NR-V2X resource allocation mechanisms so as to align the transmissions of NR and LTE V2X


Issue 3: Network Involvement in resolving UE Coexistence when in-coverage
Several companies discussed network involvement in coordinating LTE and NR N2X procedures within the UE. A summary of the proposals made regarding network involvement when co-existence is considered are captured below. 
Topics for discussion:
· Solutions that involve the eNB/gNB are supported for coexistence between LTE and NR V2X
· eNB/gNB provides a solutions for coexistence (e.g., by dynamically reallocating resources)
· [bookmark: _Ref525571161]UEs can inform the network about any potential coexistence issues (either between different sidelink modules or between Uu and sidelink), 
· UEs also provide assistance information to the network to resolve the indicated coexistence issues.
· FFS the details of the assistance information
· FFS whether the UE informs the network about selected resources in another RAT


Issue 4: Determination of Priority between LTE and NR V2X
Some companies discussed mechanisms to determine priority between LTE and NR V2X modules if there are occasions whether there are overlaps between LTE and NR sidelink Tx/Rx. The intention mentioned is to use these priorities to determine dropping the packet in the case of TDM solutions or reducing the power level in case of FDM solutions
Topics for discussion:
The following aspects are taken into account when determining priority between LTE and NR SL V2X transmissions:
· Service level priority of V2X applications 
· Sidelink transmission priority (5QI)
· Consider mapping rules for associating NR QoS with LTE PPPP metrics
· Radio layer conditions (e.g., CBR measurements indicating congestion) 
· Transmission/reception of sidelink synchronization signals 

A couple of companies also suggested that prioritization rules between Uu and Sl need to be defined. It was also suggested that this prioritization could also be based on configuration.
· Prioritize NR Uu UL transmissions over NR PC5 SL or LTE PC5 SL
· Prioritize LTE Uu UL transmissions over NR PC5 SL or LTE PC5 SL

Issue 5: Other Aspects
The following aspects were also considered in some contributions but there was no consensus on these topics. Companies are invited to consider these topics and provide their views.
Topics for discussion:
· Switching to Uu Air-interface from PC5 when coexistence issues are identified
· Satisfaction of service latency requirement, resource utilization due to TDM solutions
· [bookmark: _Ref528781637]Mapping applications to LTE/NR V2X transmissions
· Cross-carrier/-sidelink sensing and reservation can be considered for mitigating the limited Tx/Rx capability issues
· Recovery mechanisms to resolve co-existence issues after they arise by: 
· RRC signaling to request a solution by the network
· Sidelink signaling to request assistance from other UEs
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4. Appendix – Previous Agreements
Agreements (RAN1 #94):
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:
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

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

Agreements:
· Consider solutions for sidelink 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 by 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 sidelinks, for a NR V2X UE when NR and LTE V2X sidelinks 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.

