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1. Introduction
This document provides a summary of the issues pertaining to the coexistence aspects (AI 7.2.4.4) of NR V2X. The summary is based on views expressed by companies in the respective contributions shown in References section. 
Issue 1: TDM Solutions for NR and LTE V2X Coexistence
Companies discussed the details of long term and short term TDM solutions based on the WID and agreements made during the study item phase. The details of each of the discussions are summarized below. 
Issue 1-1: Long Term Time-Scale TDM for NR and LTE V2X Coexistence
It was agreed during the study item that long term time-scale TDM solutions were feasible but could have an impact on the reliability, latency and data rates of the system. 
Company views on short term TDM solutions are paraphrased below.
· [1-Huawei]: Long term time-scale TDM coexistence can be supported without specific specification impact. As long as LTE and NR sidelinks are synchronized w.r.t the subframe boundary, orthogonal time resources may be configured for LTE and NR which would enable transparent operation. 
· [2-vivo]: For long-term TDM solution, collision between control/data in one RAT and SL-SSB/SL-SS in another RAT should be resolved, e.g. by prioritizing the SL-SSB/SL-SS transmission or reception.
· [4-Samsung]: As UE assistant information, UE reports information on its configured resource pool of LTE sidelink and/or NR sidelink to the eNB and gNB.
· [5-Mediatek]: Minimum achievable latency performance by long-term time-scale TDM needs to be understood in NR sidelink when LTE resources are configured sporadically in time. 
· UE should not be required to process either packet when the packets collide due to network misconfiguration in long-term TDM. It can be up to UE implementation to process either packet when feasible
· [8-OPPO]: For long-time scale TDM solutions, it is observed that it can cause negative impact to Tx latency, reliability and data rate for both LTE and NR-V2X
· E.g., Tx collisions resulting from a smaller number of available slots within a resource selection window
· [10-Nokia]: No additional work is needed to support long term time scale TDM solutions
· [12-CATT]: For the long-term TDM, there would be adverse impact on the latency and reliability
· [13-IDCC]: Long time scale TDM coordination has impact on latency requirements.


	
Based on the majority of the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· RAN1 does not see any specification impact for support of Long Term Time-Scale TDM for coexistence of NR and LTE sidelinks

Issue 1-1: Short Term Time-Scale TDM for NR and LTE V2X Coexistence
For short term TDM solutions, it was agreed during the study item that they were feasible as long as the load on LTE and NR sidelinks is at or below acceptable levels. Additionally, it was agreed that resolving Tx/Tx and Tx/Rx conflicts would be based on prioritization of one RAT over another. It was expected that high level principles would be discussed during the WI. An attempt has been made to summarize all the companies views on this topic below.
Company views on short term TDM solutions are paraphrased below.
· [1-Huawei]: At least the load information of the LTE-V2X should be known to the NR-V2X module by UE internal implementation (no specification impact required)
· For Tx/Tx overlap, when the data packet in LTE-V2X is a non-safety message, packet priority thresholds can be defined for NR-V2X to decide which RAT will be dropped.
· The priority threshold can be configured for NR-V2X, and dropping operation is up to UE implementation. 
· For Tx/Rx overlap, when the receiving traffic in one sidelink is SPS, priority based solution can be used, otherwise, the LTE-V2X always has higher priority. 
· The priority threshold can be configured for NR-V2X, and dropping operation is up to UE implementation. 
· For Rx/Rx overlap, 
· If UE has separate RF chains for LTE-V2X and NR-V2X, then it can receive both data. 
· If UE has a shared RF chain for LTE-V2X and NR-V2X, LTE-V2X always has higher priority
· [2-vivo]: The prioritization between LTE and NR sidelinks is based on the QoS attribute
· This mechanism is not expected to have any impact to LTE specifications
· The issue of (potential) collision between the AS layer message/signal (e.g. RRC message, SL-SS, etc.) and the other traffics should be addressed.
· [3-Intel]: RAN1 assumes that coordination function can share/get resource allocation, SPS status, sync across RATs
· Send LS to RAN2 about prioritization of one RAT over another
· Prioritization needs to take into account QoS, congestion status and reserved resources
· NR sidelink resource selection exclusdes resources conflicting with LTE sidelink transmission / reception based on priority
· NR is prioritized when the NR transmission has higher priority and when the LTE sidelink is congested
· NR PC5 RAT is informed about all transmissions on LTE PC5 RAT 
· [5-Mediatek]: Always prioritize periodic/semi-static LTE V2X packets over aperiodic NR V2X packets in Tx-Tx, Tx-Rx, and Rx-Tx cases with short-term TDM.
· [6-Lenovo]: RAN1 needs to consider accurate time delay of information exchange between LTE module and NR module.
· Consider joint resource selection mechanism and priority based dropping mechanism for coordination between NR sidelink and LTE sidelink.
· For priority based dropping mechanism different priority for initial transmission and re-transmission of LTE sidelink should be also considered.
· [7-NEC]: LTE PPPP value, NR packet latency and/or NR packet priority and/or 5QI and/or a (pre)configured value of NR sidelink should be taken into consideration.
· [8-OPPO]: For short-time scale TDM solutions, if SL resource allocation / reservation information is exchanged only from the LTE sidelink to NR sidelink, then the short-time scale TDM would not have impact to the existing LTE specs, which is a preferable approach.
· Since the smallest time reservation period is 20ms in LTE-V2X, if scheduling information and/or sensing results of LTE-V2X can be exchanged fast enough (i.e. less than 20ms), short-time scale TDM solution for Tx/Tx and Tx/Rx coexistence would be feasible.
· [9-QC]: For the case that information about potential collision is not available to (at least) 1 RAT, it’s up to UE implementation to handle collision.
· For Tx/Tx coexistence, for the case when packet priority and resource selection decision is known ahead of time information about priority of NR packet and LTE packet can be used to resolve the Tx/Tx collision 
· The rule to prioritize NR packet of a certain priority to LTE packet of another certain priority and vice versa is configured in the UE.  
· For Tx/Rx coexistence, certain amount for maximum allowed interruption of LTE-V2X reception can be pre-configured for each priority packet
· [10-Nokia]: Achievable accuracy of subframe boundary alignment in case of GNSS based and network based synchronization is studied. 
· RAN4 may be better group to study this issue.
· Study further how one RAT is prioritized over another
· [11-ZTE]: For occurrence of Tx/Tx overlap, LTE sidelink transmission should be prioritized over NR sidelink 
· For Tx/Rx overlap in short time scale TDM solutions, Tx is prioritized over Rx.
· [12-CATT]: If LTE V2X sidelink and NR V2X sidelink have selected transmit resources with overlapped time domain, and UE has to drop one transmission of the two sidelinks, the PPPP of the LTE V2X packet, QoS parameters of the NR V2X packet, traffic types of the packets shall be considered to make decision
· UE shall be pre-configured a priority rule to indicate which sidelink will be dropped
· For Tx/Rx coexistence, Tx is not dropped if the Rx priority is not known
· If Rx priority is known, then priority rule is followed as for Tx/Tx coexistence.
· [13-IDCC]: A metric of LTE or NR traffic load should be defined to justify the use of the short time scale TDM solution.
· UE’s NR sidelink resource selection procedure should consider the resource reservation in LTE sidelink transmission and reception.
· Prioritization between NR sidelink and LTE sidelink should be based on data QoS.
· [14-LG]: To handle TX/TX overlap, higher layer provided priority information for each RAT traffic/packet is used to decide which RAT TX is prioritized 
· e.g., traffic/packet TX with lower priority is omitted)
· To handle TX/RX overlap, if a UE can know the priority information of receiving RAT traffic/packet (e.g., by successfully decoding QoS field in SCI), the priority information of receiving and transmitting RAT traffics/packets is used to decide which RAT RX or RAT TX is prioritized 
· e.g., traffic/packet TX or RX with lower priority is omitted)
· [bookmark: _Toc528954278][15-E//]: RAT prioritization for TDM-based coexistence is only considered by RAN1 once the QoS framework and related priority mapping is developed by RAN2
· [bookmark: _Toc1149966][bookmark: _Toc5130515]Send an LS to RAN2 asking for an inter-RAT priority mapping/comparing framework.
· No RAN1 LTE specification change for inter-RAT prioritization.  







Based on the companies’ view, the following is suggested for further discussion.
Potential Working Assumption (to be confirmed based on SA2 feedback):
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission, then the packet with a higher relative priority is transmitted 
· In case the priorities of LTE and NR SL transmissions are the same, then it is up to UE implementation as to which transmission is chosen and if congestion is additionally taken into account
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission, then it is up to UE implementation to manage Tx/Tx overlaps and whether LTE transmissions are always prioritized
· RAN1 does not assume any impact to LTE specifications

Discussed but there was no consensus
· For Tx/Rx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of Tx/Rx, then
· Option 2: LTE Tx is prioritized. Maximum interruption time of LTE Rx is (pre-)configured for each priority value
· Option 3: Up to UE implementation
· For Rx/Rx overlap, it is up to UE implementation as to how to manage receptions of LTE and NR sidelinks.


Issue 1-3: Coexistence with Network Involvement
Companies also discussed resolutions of potential conflicts through network involvement. The views are summarized below:
· [2-vivo]: UE forwards the autonomous resource allocation result of a sidelink to the network to assist the network scheduling so that collisions can be avoided
· [3-Intel]: UE indicates availability of NR/LTE PC5 coordination function, which is subject to UE capability
· NR Mode-2 & LTE Mode-3 in-device coexistence conflicts as well as NR Mode-1 & LTE Mode-4 in-device coexistence conflicts are addressed in the same way as NR Mode-2 & LTE Mode-4 in-device coexistence conflicts
· Mode-2 NR UEs and Mode-4 LTE UEs (i.e. autonomous resource allocation) can inform network on reserved sidelink resources
· Prioritization of NR Uu UL transmissions over NR PC5 SL or LTE PC5 SL as well as LTE Uu UL transmissions over NR PC5 SL or LTE PC5 SL is supported
· [5-Mediatek]: : Support network assistance indication messages that allow UEs to inform the network after a packet collision occur due to in-device coexistence of LTE-V2X and NR-V2X
· Indication message sent by an in-coverage UE to gNB should provide information on collision type and affected packet traffic. Exact message content are FFS
· [9-QC]: 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. The UE will resolve this collision using configured priority resolution rule and drop LTE transmission when needed. 
· For NR V2X in Mode 1 and LTE V2X in Mode 4, 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.
· [13-IDCC]: For a NR mode 1 UE, gNB should support a coordinated scheduling scheme such that the simultaneous NR sidelink transmission and LTE sidelink transmission/reception is avoided in TDM solutions. 
· UE should report to gNB its LTE sidelink resource reservation information, including the reservation timing and the data QoS associated with the reservation
· [15-E//]: Any UE possibly impacted by time-overlapping between NR SL and LTE SL Tx and/or Rx indicates that possibility in its capability report to the network

Based on the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· Coexistence conflicts between LTE and NR SL for the following scenarios are addressed in the same way: 
· NR Mode-2 & LTE Mode-3
· NR Mode-1 & LTE Mode-4 
· NR Mode-2 & LTE Mode-4 
· FFS scenarios when the UE transmits additional grant requests
· Mode-2 NR UEs and Mode-4 LTE UEs reports reserved sidelink resources to the network
· Any UE impacted by time-overlapping between NR SL and LTE SL Tx and/or Rx indicates that possibility in its capability report to the network

Issue 2: FDM Solutions for NR and LTE V2X Coexistence
According to the WID FDM-based static power allocation are defined as possible coexistence solutions with the chief impact on specifications restricted to RAN4. Some companies also expressed views in RAN1 on how these solutions should be considered as part of the WI. These opinions are described below: 
·  [8-OPPO]: RAN2 should also be involved in defining FDM-based static power allocation by (pre)configuration of split of UE power between LTE and NR-V2X operations.
· Desirable to fully utilize available power at UE
· [9-QC]: For inter-band scenario, if there is enough frequency separation, there is no need to handle Tx/Rx case.  
· [10-Nokia]: For inter-band FDM operation semi-static configuration of maximum Tx power of each NR SL carrier is supported.

Based on the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· Configuration of semi-static power distribution between  LTE and NR sidelinks for inter-band FDM is left up to RAN2. 
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