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1. Introduction
The coexistence of LTE-V2X and NR-V2X operations within the same UE (intra-UE) was discussed in RAN1-AH#1901. In [1], it was agreed to study the following Tx/Rx coexistence scenarios and potential solution details.

	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
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
· [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


In this contribution, we first discuss about potential coexistence issues of UE transmitting on one RAT and receiving simultaneously on the other, and when UE is receiving on both RATs together. Then we discuss about the most sever coexistence issue when UE is transmitting on both RATs together and consider some specific support for FDM and TDM type of solutions.

2. Discussion
For the case of UE transmitting on one RAT on one carrier (e.g. NR-V2X) and receiving simultaneously on the other RAT on another carrier (e.g. LTE-V2X), the coexistence issue is related to the half-duplex problem when the two carriers are close to each other on the frequency spectrum and some of energy used for RF transmission on one carrier by the UE is leaked into the other carrier where the UE is trying to receive RF signal at the same time. In general, this type of RF coexistence/leakage issue is more closely related to the UE RF circuitry design and how well the UE implementation is able to shield off such RF energy leakage from one carrier to its adjacent carriers. It is understood, at the same time, not all RF leakage can be shield off / eliminated completely. And typically, some guard band is inserted to help minimize impact from RF leakage. To this end, we understand RAN4 is currently investigating this issue and RAN1 should wait for their outcome of finding a minimum frequency separation before RAN1 should decide whether further solution(s) is needed. In the end, most likely this coexistence / half-duplex issue can be resolved via combination of UE implementation and frequency spectrum/carrier planning.

Observation 1: For the coexistence/half-duplex issue of UE transmitting on one carrier and not being able to receive on another carrier, RAN1 should wait for RAN4’s investigation outcome of finding a minimum frequency separation before RAN1 should decide whether further solution(s) is needed.

For the case of potential LTE-V2X Rx and NR-V2X Rx, e.g., whether or not it can be handled by UE implementation, this aspect in our view is more closely related to UE capability discussion on minimum number of Rx antennas and processing chains that we can expect in vehicular UEs and that whether we can assume a certain number of dedicated Rx chains for LTE / NR reception.

Observation 2: For the Rx/Rx coexistence, RAN1 could consider whether we can always assume a certain number of dedicated Rx chains for LTE / NR reception.

2.1 TDM based solutions
For long term time scale TDM solutions, the simplest TDM mechanism is resource pool partitioning between LTE-V2X and NR-V2X operations by network configuring or pre-configuring orthogonal Tx pools to ensure their transmissions are never overlapped. Although this scheme is concluded as a feasible coexistence solution, in our view it is not recommended as it can cause negative impact to Tx latency, reliability (Tx collisions resulting from less number of available slots within a resource selection window) and data rate.
For short term time scale TDM solutions, to resolve Tx/Tx coexistence issue, this would require resource allocation / reservation information exchange between LTE and NR sidelinks within the UE. If this information is parsed from NR sidelink to LTE sidelink, this would require resource (re)selection procedure at the LTE side to take into account of NR sidelink operation and subsequently will have impact to LTE specifications. If SL resource allocation / reservation information is exchanged only from the LTE sidelink to NR sidelink, then the short term time scale TDM would not have impact to the existing LTE specs, which is a much more preferable. Additionally, CAM/DENM messages tend to transmit more regularly/periodically over LTE sidelink, it is easier determine priority of LTE packets in advance and parse this information to the NR sidelink. This in term means some sort of priority should be determined at the NR sidelink to resolve both Tx/Tx and Tx/Rx scenarios. 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 to NR sidelink (i.e. less than 20ms), short term time scale Tx/Tx and Tx/Rx would be feasible.

Observation 3: For short term time scale TDM, if SL resource allocation / reservation information is exchanged only from the LTE sidelink to NR sidelink, then the short term time scale TDM would not have impact to the existing LTE specs, which is a much more preferable approach.

Observation 4: 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 term time scale Tx/Tx and Tx/Rx would be feasible.

2.2 FDM based solutions (power sharing)
One mechanism to share UE’s total available power or the maximum configured output power is to (pre-)configure a minimum Tx power that is reserved for either LTE or NR V2X. This reserved amount of power is to guarantee V2X transmissions in either LTE or NR will be available at all time. In other words, the other RAT will only be able to use up to maximum of the remaining power. For example, if 60% of Pcmax is reserved for LTE V2X transmissions, this means the UE can allocate up to only 40% of Pcmax for NR V2X transmissions. As such, this ensures a certain Tx reliability can be achieved within a target communication range.
As discussed in the previous section for TDM based solution, if SL information can be exchanged from one RAT to the other, it would be possible to support dynamic power sharing between carriers. SL information to be exchanged should be Tx timing and power usage information. Similarly, if this information is exchanged only from the LTE sidelink to NR sidelink, this would avoid impact to the existing LTE specifications. Furthermore, when this information is available to the other RAT, dynamic boosting of allocating additional power to a high priority RAT or high priority packets can be performed if there is no overlapping transmissions or unused remaining power on the other RAT.
Since the smallest time reservation period is 20ms in LTE-V2X, if scheduling / resource reservation and power usage information can be exchanged fast enough to NR sidelink (i.e. less than 20ms), dynamic power sharing for Tx/Tx case would be feasible.

Observation 5: If Tx scheduling / resource reservation and power usage information can be exchanged fast enough from LTE sidelink to NR sidelink (i.e. less than 20ms), dynamic power sharing for Tx/Tx case would be feasible and to avoid impact to LTE specification.

3. Conclusion
In this contribution, we first discussed about potential coexistence issues of UE transmitting on one RAT and receiving simultaneously on the other, and when UE is receiving on both RATs together. Then we discussed about the most sever coexistence issue when UE is transmitting on both RATs together and considered some specific support for FDM and TDM type of solutions. In summary, we have the following observations and conclusion:

Observation 1: For the coexistence/half-duplex issue of UE transmitting on one carrier and not being able to receive on another carrier, RAN1 should wait for RAN4’s investigation outcome of finding a minimum frequency separation before RAN1 should decide whether further solution(s) is needed.

Observation 2: For the Rx/Rx coexistence, RAN1 could consider whether we can always assume a certain number of dedicated Rx chains for LTE / NR reception.

Observation 3: For short term time scale TDM, if SL resource allocation / reservation information is exchanged only from the LTE sidelink to NR sidelink, then the short term time scale TDM would not have impact to the existing LTE specs, which is a much more preferable approach.

Observation 4: 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 term time scale Tx/Tx and Tx/Rx would be feasible.

Observation 5: If Tx scheduling / resource reservation and power usage information can be exchanged fast enough from LTE sidelink to NR sidelink (i.e. less than 20ms), dynamic power sharing for Tx/Tx case would be feasible and to avoid impact to LTE specification.
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