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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.
· [8-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
· [12-IDCC]: Long time scale TDM coordination has impact on latency requirements.
· [bookmark: _Toc5130514][bookmark: _Toc7793375][14-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.

Since it was agreed in the previous RAN1 meeting that there would be no specification impact due to long term time-scale TDM solutions, additional discussions may not be needed. UE capability definitions could be discussed as part of the other topics.





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, send an LS to SA2 to ask whether it is possible to compare the priority between LTE and NR sidelink transmissions:
· If it is feasible, then the RAN1#96bis working assumption is confirmed.
· If it is not feasible, a NR-V2X priority threshold can be configured to determine whether NR-V2X is dropped or not.
· For Tx/Rx overlap, LTE-V2X always has higher priority. 
· For Rx/Rx overlap, whether to drop any RAT is up to UE implementation
· 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-Nokia]: For TDM operation in case of network based synchronization, guard period/subframe between NR and LTE SL transmission can be used to prevent overlapping transmissions due to poor subframe boundary alignment 

· [3-vivo]: For Tx/Tx overlap, Confirm the working assumption. Additionally, the inter-RAT processing time restriction is defined as a UE capability
· For Tx/Rx overlap, 
· If the packet priorities of the Tx and Rx are known to both RATs prior to time of Tx/Rx, the Tx or Rx with a higher relative priority is performed. It is up to UE implementation in case the priorities of LTE and NR are the same.
· if the packet priorities of the Tx and Rx are unknown to both RATs prior to time of Tx/Rx, 
· LTE Tx is prioritized in the case of LTE Tx overlapping with NR Rx,
· Up to UE implementation in the case of LTE Rx overlapping with NR Tx
· It is up to UE implementation to handle the case of Rx/Rx overlap
· Priority level should be defined for AS layer message/signal (e.g. RRC message, SL-SSB, etc.) in order to handle the packet collision for TDM based coexistence

· [4-Lenovo]: RAN1 needs to confirm inter-RAT priority mapping relationship and the 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.
· To confirm the working assumption, consider transmission priorities rather than packet priorities of both LTE and NR sidelink transmissions
· For priority based dropping mechanism different priority for initial transmission and re-transmission of LTE sidelink should be also considered.

·  [5-CATT]: For Tx/Tx overlap, 
· In-device coexistence priority threshold or the priority threshold of LTE and/or NR sidelink shall be (pre)-configured to UE.
· The transmission of NR V2X retransmission with ACK received is dropped
· The solution of partial information needs to be studied. This is the case where the priority of one RAT is known but not the other.
· For Tx/Rx overlap,
· If UE is not certain about the priority or reception of a packet, then Tx is prioritized
· If the UE is certain about packet reception and its priority, then similar rules as per Tx/Tx overlap shall apply. 

· [6-NEC]: For Tx/Tx overlap,
· Confirm the working assumption.
· From RAN1 perspective, NR sidelink packet priorities should involve at least latency attribute, reliability attribute. 
· RAN1 needs to study how to get comparable packet priorities of both LTE and NR sidelinks..
· For Tx/Rx overlap,
· If Rx priority is not known, set a default packet priority for Rx packet or a threshold packet priority for Tx packet

· [7-OPPO]: For Tx/Tx overlap, send an LS to RAN2 asking to them to define mapping of relative priority levels between the two RATs in order to confirm Tx/Tx overlap working assumption
· For Tx/Rx overlap, it is up to UE implementation to manage in-device coexistence

· [8-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.
· The Rx-Rx in-device coexistence issue is left to UE implementation

· [9-Intel]: NR sidelink resource selection procedure supports exclusion of resources conflicting with LTE sidelink transmission / reception
· Subject to priority and radio-layer conditions considerations
· NR sidelink resource selection procedure does not exclude resources conflicting with LTE sidelink transmission/reception if:
· NR sidelink transmission priority has higher priority than LTE sidelink transmission (or NR sidelink transmission priority is higher than pre-configured priority level)
· LTE sidelink channel is congested (i.e. CBR is above pre-configured threshold so that sidelink transmission and reception is not guaranteed anyway)
· Cross-RAT leakage due to LTE transmissions is properly handled in
· Congestion control measurements by NR
· NR sensing and resource selection procedures
· For Tx/Rx overlap,
· If it is known that sidelink priority for semi-persistent reception on one RAT is higher than sidelink transmission priority on another RAT then reception should be prioritized

· [10-Samsung]: Confirm the working assumption made in RAN1#96bis for Tx/Tx overlap

· [11-LG]: For TX/RX overlap, if the UE can know the priority information of receiving RAT traffic/packet (e.g., by successfully decoding QoS field in SCI), 
· 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).
· Further discussion is necessary on how to define the priority for the following sidelink channel transmission/reception. 
· S-SSB, PSFCH, PSSCH conveying only CSI/RSRP reporting
· E.g, the (pre)configured priority or associated service (and/or packet) priority can be applied.

· [12-IDCC]: Short time scale TDM has better resource utilization than long time scale TDM
· A metric (e.g., CR) of LTE or NR traffic load is used to determine 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
· For Tx/Rx overlap, if data QoS is known to UE of both RATs, the prioritization between NR sidelink and LTE sidelink is based on data QoS. This does not have any impact on LTE physical layer specifications.

· [13-ZTE]: For Tx/Tx overlap, LTE sidelink transmission should be prioritized over NR sidelink transmission 
· For Tx/Rx overlap, Tx is prioritized over Rx
· The case of Rx/Rx overlapping should be up to UE implementation

· [14-E//]: For Tx/Tx overlap, confirm the working assumption in RAN1 #96bis. Details of mapping QoS parameters to packet priorities in NR SL are decided by SA2 and RAN2
· For Tx/Rx overlap, 
· If packet priority of the Rx is known: apply the Tx/Tx prioritization mechanism. 
· Otherwise: 
· For LTE-Tx/NR-Rx overlapping, LTE-Tx is prioritized. 
· For NR-Tx/LTE-Rx overlapping, it’s up to UE implementation.
· The mechanism to handle Rx/ Rx overlapping is up to UE implementation

· [15-QC]: For Tx/Tx overlap, if packet priority is known, use data QoS to select Tx
· If priority is now known to at least 1 RAT, it’s up to UE implementation to handle collision.
· Confirm working assumption
· For Tx/Rx overlap, maximum allowed interruption of LTE-V2X reception is pre-configured for each priority.

Based on the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· For Tx/Tx overlap,
· Confirm the working assumption 
· UE capability is defined for inter-RAT communication
· For Tx/Rx overlap, 
· If packet priorities of both LTE and NR sidelinks are known to both RATs prior to time of transmission/reception subject to processing time restrictions, then the packet with a higher relative priority is transmitted/received 
· In case the priorities of LTE and NR sidelink packets are the same, then it is up to UE implementation as to which packet is transmitted/received
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then
· For LTE-Tx/NR-Rx overlap, 
· LTE-Tx is always prioritized
· For NR-Tx/LTE-Rx overlap, 
· It is up to UE implementation to handle overlap 
· Maximum interruption time of LTE Rx is (pre-)configured for each priority value
· A default packet priority for Rx packet is applied
· For Rx/Rx overlap, 
· Up to UE implementation to manage receptions of LTE and NR sidelinks.


· In case of network based synchronization, a guard period/subframe between NR and LTE SL transmissions is defined prevent overlapping transmissions 
· Due to poor subframe boundary alignment

· Priority for the following sidelink channel transmission/reception are defined:
· S-SSB, PSFCH, PSSCH conveying only CSI/RSRP reporting

· A metric (e.g., CR) of LTE or NR traffic load is defined to determine the use of the short time scale TDM solution.

· NR sidelink resource selection procedure excludes of resources conflicting with LTE sidelink transmission / reception with the following exceptions
· NR sidelink transmission priority has higher priority than LTE sidelink transmission 
· LTE sidelink channel is congested (i.e. CBR is above pre-configured threshold)
· Cross-RAT leakage due to LTE transmissions is taken into account in
· Congestion control measurements by NR
· NR sensing and resource selection procedures

Issue 1-3: Coexistence with Network Involvement
Companies also discussed resolutions of potential conflicts through network involvement. The views are summarized below:
· [2-Nokia]: Mode-2 NR UEs and Mode-4 LTE UEs report reserved sidelink resources to the network
· [3-vivo]: UE reports its capability to the network of whether it supports short-term coordination 
· In the case of scheduled resource allocation mode is applied to one sidelink, the UE forwards the autonomous resource allocation result of the other sidelink to the network to assist the network scheduling
· [8-Mediatek]: Observation: Packet collisions are sometimes unavoidable for in-device coexistence despite TDM solutions 
· 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-Intel]: UE indicates capability of NR/LTE PC5 coordination
· In-device coexistence conflicts for network-controlled modes are addressed in the same way as for UE-autonomous modes
· 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
· [10-Samsung]: As UE assistance information, UE reports information on its configured resource pool of LTE sidelink and/or NR sidelink to the eNB and gNB.
· [12-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. 
· To facilitate gNB’s NR sidelink scheduling in coordination of LTE sidelink, a NR mode 1 UE should report to gNB its LTE sidelink resource reservation information, including the reservation timing and the data QoS associated with the reservation.
· [14-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.
· For Mode-4/Mode-1 Tx/Tx overlapping, support reporting of dropped NR transmissions due to RAT prioritization to gNB
· [15-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.

Based on the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· UE reports its capability to the network of whether it supports short-term or long term time scale TDM solutions 
· For LTE mode-3 operation, coexistence is handled by the UE according to defined rules
· For NR Mode-2 operation, 
· UE reports LTE resource reservations and data QoS to the gNB prior to any NR scheduling grants received
· UE reports potential future collisions to gNB
· UE handles coexistence according to defined rules but reports any dropped NR transmissions due to RAT prioritization to gNB
· FFS: Whether the following prioritizations are supported 
· NR Uu UL transmissions over NR PC5 SL or LTE PC5 SL 
· LTE Uu UL transmissions over NR PC5 SL or LTE PC5 SL

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: 
· [2-Nokia]: For inter-band FDM operation semi-static configuration of power split between SL carriers is supported so that higher power can be allocated to the carrier that contains high priority traffic 
·  [15-QC]: For inter-band scenario, if there is enough frequency separation, there is no need to handle Tx/Rx case.  
Based on the companies’ view, the following is suggested for further discussion.
Potential Offline Agreement:
· For inter-band FDM operation semi-static configuration of power split between NR and LTE V2X sidelink carriers is supported
· Details are left up to RAN2. 
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3. Appendix: Agreements made in previous RAN1 meetings
RAN1 96bis: 
Conclusion:
· [bookmark: _GoBack]RAN1 does not see any specification impact for support of Long Term Time-Scale TDM for coexistence of NR and LTE sidelinks
Working assumption:
· For Tx/Tx overlap, 
· If packet priorities of both LTE and NR sidelink transmissions are known to both RATs prior to time of transmission subject to processing time restriction, 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 (e.g., taking into account congestion, etc.)
· If packet priorities of both LTE and NR sidelink transmissions are not known to both RATs prior to time of transmission subject to processing time restriction, then it is up to UE implementation to manage Tx/Tx overlaps (e.g., LTE transmissions are always prioritized, etc.)
· RAN1 does not assume any impact to LTE physical layer specifications

