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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 Solutions for NR and LTE V2X Coexistence
At the last RAN1 meeting, it was agreed that long term TDM solutions were feasible but could have an impact on the reliability, latency and data rates of the system. For short term TDM solutions, it was agreed that there would be prioritization of one RAT over another in case of Tx/Tx and Tx/Rx overlaps. At this meeting, companies discussed the feasibility of short term TDM solutions and the impacts on UE implementations. Some companies also commented on the system impacts of long term TDM solutions.
Issue 1-1: Short term TDM solutions
Company views on short term TDM solutions are paraphrased below.
· Short term TDM solution is not feasible due to the following reasons [1-Huawei]
· Necessity of fast information exchange between the LTE and NR modules
· Severe AGC constraints making the LTE-V2X performance poor in urban environments
· Short term TDM solution is feasible if short -term inter module signalling is implemented and potential solutions are [2-vivo]
· Joint resource selection to avoid Tx/Tx overlaps
· Prioritization based on QoS parameters and/or other metrics
· Short term TDM solution with LTE SPS scheduling is feasible with appropriate prioritization [3-Mediatek]
· For Tx/Tx overlaps, prioritize LTE SL transmissions
· For Tx/Rx overlaps, prioritizing Tx over Rx is feasible
· LTE Rx can be prioritized over NR Tx
· Feasible with appropriate prioritization of Tx and Rx [4-ZTE]
· No impact to LTE specifications
· For Tx/Tx, LTE transmissions are prioritized
· For Tx/Rx, LTE transmissions are prioritized. For NR Tx, compare prioritization of each RAT.
· Short term TDM solution with LTE SPS scheduling is feasible with appropriate prioritization and it is based on UE capability [5-LG]
· LTE SL service/RAT can have higher priority than NR SL service/RAT
· Feasible but there would be impact to latency and reliability [6-CATT]
· Joint resource occupation detection and resource selection of NR and LTE sidelink resources to avoid concurrent transmissions
· Short term TDM solutions should be supported [7-Lenovo]
· No impact to LTE specifications
· Inter-module signalling delay needs to be studied
· Joint resource selection mechanism and priority-based dropping mechanism for coordination between NR sidelink and LTE sidelink
· Different priority for initial transmission and re-transmission of LTE sidelink
· Feasible to have short term TDM solution with coordinated NR resource selection and priority based selection (from SCI decoding) [8-Panasonic]
· Feasible if the inter-module signalling can be less than 20ms [10-OPPO]
· If SL reservation and allocation information is exchanged only from LTE to NR V2X, there would be no change to LTE specifications.
· At least for semi-persistent resource allocations it should be possible to exchange information across RATs and address in-device coexistence issues [11-Intel]
· No impact to Rel-15 LTE specifications
· Mechanisms based on RAT preemption (from TX perspective / DTX state) can be considered.
· Feasible if simple prioritization rule (e.g. LTE SL is prioritized over NR SL) is used [12-Nokia]
· Need to specify common priority definitions between NR SL and LTE SL
· For a UE in NR mode 2, the UE’s NR sidelink resource selection procedure should consider the resource reservation in LTE sidelink transmission and reception. [13-Interdigital]
· For short time scale TDM solutions, the prioritization between NR sidelink and LTE sidelink should be based on data QoS.
· Solution is considered to be feasible. RAN1 should study a priority-based rule between LTE and NR sidelink packets [14-NEC]
· For Tx/Rx overlap, the Rx priority can be a (pre-) configured value
· Use LTE PPPP value or (pre-) configured value, NR packet latency or NR packet priority as priority of LTE and NR sidelink transmission respectively
· For short-term TDM solutions for in-device coexistence [15-NTTDCM]
· For Tx/Tx overlap, one RAT is prioritized over another based on (pre-)configured prioritization rule. 
· For Tx/Rx overlap, one RAT is prioritized over another by UE implementation. 
· Short term TDM solutions are considered to be feasible [16-Qualcomm]
· For Tx/Tx, if prioritization is known, prioritization rule is pre-configured. Else, it’s up to UE implementation.
· For Tx/Rx overlaps, the UE is configured with a max interruption value (per priority)
· Inter-RAT signalling constraints need to be studied before concluding the feasibility of short-term TDM solution. [17-Ericsson]
· [bookmark: _Toc528954278]Both long-term and short-term coordination solutions are needed
· RAT prioritization for TDM-based coexistence is only considered by RAN1 once the QoS framework and related priority mapping is developed by RAN2
· No impact to RAN1 LTE specification.  
Issue 1-2: Long term TDM solutions
Company views on short term TDM solutions are paraphrased below.
· For long term time-scale TDM coexistence, the increase in latency could be an issue for some NR applications [1-Huawei]
· NR V2X latency requirements can be fulfilled for some V2X use cases with long term TDM [3-Mediatek]
· For the long-term coordination in time domain, there would be adverse impacts on the latency and reliability [6-CATT]
· Long term TDM solutions are not recommended as it can cause negative impact to Tx latency, reliability and data rate. [10-OPPO]
· The long time scale TDM coordination has impact on latency requirements [13-Interdigital]

Based on the majority of the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· Short term TDM solutions for NR and LTE V2X in-device coexistence is considered to be feasible form RAN1 point of view
· For each occurrence of Tx/Tx overlap and for Tx/Rx overlap, one RAT is prioritized over another
· [bookmark: _GoBack]Details of prioritization of LTE/NR can be discussed during the WI

Issue 2: FDM Solution for NR and LTE V2X Coexistence
Most companies also discussed the FDM solution for coexistence with some differing levels of support. In the last RAN1 meeting, the feasibility of inter-band FDM solution with static power assignments was agreed if the band separation was considered by RAN4 to be large enough. In this meeting, the remaining aspects to be discussed are about the feasibility of dynamic power sharing of inter-band FDM solutions as well as solutions for intra-band FDM coexistence.  The views of the various companies on these two topics are shown below.
Issue 2-1: Dynamic power sharing solutions for inter-band FDM coexistence
Company views on dynamic power sharing solutions in the case of inter-band FDM coexistence are paraphrased below: 
· Not supported/feasible because of significant burdens on hardware and impact on system performance [1-Huawei]
· Feasible with short-term inter-module signalling. Additionally, subframe boundary alignment between LTE and NR is required. [2-vivo]
· Power scaling is based on QoS parameters or the RAT type
· Feasible with semi-static EN-DC power control rules assumed as baseline. QoS requirements/priorities of the packet should also factor into power sharing rules [3-Mediatek]
· Feasible with prioritization of LTE transmissions. Only NR Tx power is adjusted [4-ZTE]
· Feasible with appropriate prioritization and is subject to UE capability [5-LG]
· LTE SL service/RAT can have higher priority than NR SL service/RAT
· For inter-band FDM solutions, harmonic interference and phase discontinuities should be further studied [6-CATT]
· Not suitable to prioritize LTE transmissions over NR. Need study on mapping of priorities between LTE and NR V2X
· Need study on how to avoid PSD imbalance between LTE and NR
· Feasible with power sharing rules based on priority [8-Panasonic]
· Feasible based on UE capability [9-Samsung]
· EN-DC/NE-DC power control/sharing mechanisms as a baseline
· Feasible if the inter-module signalling (from LTE V2X to NR V2X) is less than 20ms and has no impact to LTE specifications. [10-OPPO]
· Feasibility of power sharing needs to be discussed in RAN4 [11-Intel]
· Feasible if appropriate power sharing is specified [12 – Nokia]
· Power sharing methods specified for dual connectivity are the starting point
· Both asynchronous and synchronous operation is supported with dynamic power sharing
· RAN1 supports dynamic power sharing between LTE sidelink transmission and NR sidelink transmission. [13-Interdigital]
· Power allocation on each sidelink depends on data QoS
· FDM solution with dynamic power sharing for V2X in-device co-existence is considered to be feasible [15-NTTDCM]
· NR Uu EN-DC power sharing can be considered as the baseline solution for FDM solution with dynamic power sharing. 
· Dynamic power sharing based FDM solutions are not feasible [16-Qualcomm]
· Rules for power sharing for FDM-based coexistence should utilize QoS parameters, communication range, and congestion levels.  [17-Ericsson]
· The use of QoS parameters is only considered when the QoS framework for NR V2X has been developed.

Issue 2-2: Solutions for intra-band FDM coexistence
Company views on the feasibility of intra-band FDM coexistence are paraphrased below: 
· Intra-band FDM coexistence (when band separation is not sufficient) is not feasible due to complexities in Rx/Rx implementation [1-Huawei]
· Feasible if the network can configure LTE and NR resource pools with sufficient guard band [3-Mediatek]
· Feasible with prioritization of LTE transmissions. Only NR Tx power is adjusted [4-ZTE]
· Timing alignment is required for intra-band FDM solutions [6-CATT]
· Feasibility can be determined after study on PSD, phase discontinuity, half duplex, prioritization etc. 
· Feasible if the inter-module signalling (from LTE V2X to NR V2X) is less than 20ms and has no impact to LTE specifications. [10-OPPO]
· FDM solution with dynamic power sharing for V2X in-device co-existence is considered to be feasible [15-NTTDCM]
· NR Uu EN-DC power sharing can be considered as the baseline solution for FDM solution with dynamic power sharing. 
· Dynamic power sharing based FDM solutions are not feasible [16-Qualcomm]
· Rules for power sharing for FDM-based coexistence should utilize QoS parameters, communication range, and congestion levels.  [17-Ericsson]
· The use of QoS parameters is only considered when the QoS framework for NR V2X has been developed




Based on most of the companies’ comments, the following is suggested for further discussion.
Offline Discussion (no consensus):
· For both intra-band and inter-band Tx/Tx FDM solutions for in-device coexistence are considered to be feasible from RAN1 point of view under the following conditions:
· For the intra-band case for dynamic power sharing, NR and LTE transmissions are fully overlapped in the time domain, i.e., NR transmissions have to span the entire LTE TTI such that the total power across the NR/LTE TTI(s) is constant. 
· For intra-band and inter-band FDM dynamic power sharing solutions, 
· 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
· For purposes of power sharing between LTE and NR Tx, prioritization of LTE/NR will be discussed during the WI
Concerns were raised about the feasibility of the Intra-band FDM solutions given the restrictions on the NR resource allocation mechanism. 

Offline Proposal
· In-device coexistence of LTE and NR sidelink is feasible with the following solutions
· When a conflict in LTE Tx and NR Tx occurs, 
· Both TDM and FDM solutions are applicable

· When a conflict in LTE TX/NR RX or LTE RX/NR TX
· TDM solutions are applicable

· When a conflict in LTE RX and NR RX, 
· Up to UE implementation

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. 
· UEs can inform the network about potential coexistence issues and provide assistance information when in coverage on both RATs. Alternatively, autonomous resource allocation may take into account scheduled resources by eNB/gNB [2-vivo]
· Base station dynamically or semi-statically configuring UE-specific resources to manage coexistence [6-CATT]
· For TDM solutions, degradation of spectrum efficiency can be minimized by dynamic allocation of resource in time domain.There would be adverse impacts on the latency and reliability.
· As UE assistance information, UE reports information on its configured resource pool of LTE sidelink and/or NR sidelink to the eNB and gNB [9-Samsung]
· UEs inform network on availability of NR/LTE PC5 coordination function, which is subject to UE capability [11-Intel]
· Mode-2 UEs in NR and Mode-4 UEs in LTE (i.e. UE operating in autonomous resource allocation mode) can inform network on reserved sidelink resources
· Study benefits of UE providing information on coexistence issues to the network when Uu-based sidelink resource allocation is used [12-Nokia]
· For a UE in NR mode 1, the network should support a coordinated scheduling scheme such that the simultaneous NR sidelink transmission and LTE sidelink transmission/reception is avoided in TDM solutions. [13-Interdigital]
· Further study should be done of the coordination assistance information that UE should report to the network.
· Reporting information on SL resource pool of a RAT to the other RAT NW would be beneficial. [15-NTTDCM]
· However, the usage scenarios should be further investigated during WI phase.
· UE reporting in some cases can be beneficial [16-Qualcomm]
· For LTE V2X in Mode 3 and NR V2X in mode 2. 
· If LTE V2X detect a future collision of its SPS process and NR reserved resources, no new grant will be requested. 
· For NR V2X in Mode 1 and LTE V2X in Mode 2. 
· If NR V2X detects a future collision of its reserved resource and LTE resource, it will resolve this collision using configured priority resolution rule. 
· In case NR V2X transmission needs to be dropped, a new resource request can be sent to ask for a new grant.
Based on the majority of the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· When UE is in-coverage, the reporting of potential coexistence issues between LTE and NR sidelinks to the network is supported
· RAN1 assumes that the network would manage coexistence between LTE and NR sidelinks
· TBD during a potential WI phase: Details of the information that is reported

Issue 4: Feasibility of Rx/Rx coexistence for intra-band TDM and FDM solutions
Several companies commented on the feasibility of simultaneous reception of LTE and NR V2X when they are on adjacent carriers or intra-band. The company views are paraphrased below: 
· AGC issues due to different numerologies of LTE and NR V2X impose implementation complexity and make Rx/Rx coexistence not feasible [1-Huawei]
· Rx-Rx in-device coexistence is feasible and can be left to device implementation [3-Mediatek]
· Rx-Rx in-device coexistence is based on UE capability [10-OPPO]
· The sidelink coexistence of potential LTE V2X reception and NR V2X reception is handled by UE implementation. [13-Interdigital]
· Rx-Rx in-device coexistence is feasible and up to UE implementation [16-Qualcomm]

Potential Offline Agreement:
· Rx/Rx coexistence or intra-band TDM and FDM solutions are feasible from RAN1 point of view
· Up to UE implementation



Issue 5: Other Aspects
The following aspects were also considered in some contributions but there was no consensus on these topics. Company views on additional aspects and the corresponding views are shown below: 
· Limited Tx and Rx capabilities need to be considered to resolve coexistence for pedestrian UEs [2-vivo]
· Cross-carrier/-sidelink sensing and reservation can be considered for mitigating the limited Tx/Rx capability issues
· In-device coexistence problem b/w NR PC5 and LTE PC5 RATs can be addressed through switching to NR or LTE Uu air-interfaces [11-Intel]
· Discuss prioritization of Uu UL transmissions over NR PC5 SL or LTE PC5 SL
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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.
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
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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
Agreements:
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
Agreements:
· Inter-band FDM Solutions for coexistence
· For static power assignment of Pc,max for each carrier
· 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
