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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#95. In [1], it was agreed to study the following Tx/Rx coexistence scenarios and potential solution details.

	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 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.



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 further minimize the 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 any of TDM solutions, with or without coordination between LTE and NR-V2X operations, the alignment between LTE subframes and NR slots (slot-level alignment) is at least needed to avoid resource wastage from partial-slot overlap. However, if the TDM mechanism is just to prevent overlapping or simultaneous LTE and NR V2X sidelink transmissions, DFN-level alignment may not be entirely necessary as it is more relevant for the purpose of carrier synchronization.
Observation 3: Slot-level alignment at the NR-slot and LTE-subframe boundaries should be at least needed for TDM transmission of LTE-V2X and NR-V2X.
Resource pool partitioning / network scheduling (no inter-RAT coordination)
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. This can be seen as a long term time scale coordination. Alternatively, the network BS performs resource selection and scheduling to the UE for both LTE (mode 3) and NR V2X (mode 1) transmissions. This can be seen as a short term time scale coordination.
For either cases, TDM between LTE and NR V2X transmissions can be supported without any need of inter-RAT coordination within a UE and specification impact.

Observation 4: For TDM between LTE and NR V2X transmissions, the simplest solutions are resource pool partitioning and network scheduling without any need of any intra-RAT coordination within a UE.

2.2 FDM based solutions (power sharing)
Fixed split ratio power allocation (no inter-RAT coordination)
The simplest mechanism of power sharing is to defined or (pre-)configured a fixed split ratio of power (e.g. 50/50, 60/40, 70/30 and etc) between LTE and NR V2X transmissions. For V2X transmissions in each RAT, the UE is strictly limited to allocate Tx power that does not exceed the pre-defined or (pre-)configured amount of ratio. For example, 60% of Pcmax for LTE-V2X and 40% of Pcmax for NR-V2X. In this solution, it does not require any inter-RAT coordination or information exchange within a UE.
Reserved power allocation (with / without coordination needed)
A different mechanism of sharing 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 get 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.
If inter-RAT coordination is possible (e.g. Tx timing and power usage information are exchanged between RATs within a UE), 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.
Priority-based power allocation (within NR-V2X)
Lastly, within NR-V2X transmissions, different Tx power levels can be further allocated according to message priority. This can be used to ensure high priority messages are protected and be given sufficient amount of Tx power. For example, 50% of power for priority level 6, 60% for level 5, 70% for level 4, 80% for level 3 and etc. Furthermore, by defining this minimum amount of Tx power per priority level, this can be used as part of resource selection criteria.

Observation 5: Fixed power split based and reserved power based schemes are two possible power allocation methods that can be considered for FDM between LTE and NR V2X transmissions without needing any inter-RAT coordination within a UE.

Observation 6: If inter-RAT coordination of Tx power usage within a UE can be achieved, reserved power based and priority based schemes can be considered to further enhance utilisation of UE total available power.

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: Slot-level alignment at the NR-slot and LTE-subframe boundaries should be at least needed for TDM transmission of LTE-V2X and NR-V2X.

Observation 4: For TDM between LTE and NR V2X transmissions, the simplest solutions are resource pool partitioning and network scheduling without any need of any intra-RAT coordination within a UE.

Observation 5: Fixed power split based and reserved power based schemes are two possible power allocation methods that can be considered for FDM between LTE and NR V2X transmissions without needing any inter-RAT coordination within a UE.

Observation 6: If inter-RAT coordination of Tx power usage within a UE can be achieved, reserved power based and priority based schemes can be considered to further enhance utilisation of UE total available power.
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