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Introduction
In RAN #83 meeting [1], the following objective for coexistence in 5G V2X with NR SL work item is as follows:
	· Solutions for ‘not co-channel’ in-device coexistence between LTE and NR sidelinks
· TDM-based solutions as per the study outcome [RAN1, RAN2, RAN4]
· FDM-based solutions with static power allocation as per the study outcome [RAN4]
· This will not consider the case where LTE and NR sidelinks are in the same frequency band.
· No impact to LTE specifications at least from RAN1 and RAN2 perspective.
 



According to in-device coexistence objective of WI, RAN1 may focus on TDM-based solutions. In this contribution, we will discuss TDM-based solution of in-device coexistence of LTE and NR sidelink in NR V2X.
TDM-based solutions for in-device coexistence of LTE and NR Sidelink
For TDM solutions, the assumption is that the LTE and the NR sidelink are synchronized. The TDM solution is to provide the TDM pattern in assisting in the resource allocation at different time for LTE and NR sidelink transmission to mitigate the in-device interference.   
Long-term coordination in time domain 
For the long term time-scale TDM coordination, the TDM transmission resources in each sidelink can be statically/quasi-statically configured or pre-configured for each UE. Since the TDM transmission resource allocation between LTE and NR sidelink is UE-specific, the network could allocate the resource in time for LTE to another UE’s NR transmission. This would prevent the degradation of resource utilization. The TDM transmission resource configuration would impact the latency and reliability of sidelink transmission, which as illustrated in Figure 1.


Figure 1: TDM solution of LTE V2X and NR V2X sidelink transmissions
As illustrated in Figure 1, each of the two UEs has a UE-specific transmission resource configuration and is to select transmission resources for an arriving packet with latency requirement of 3ms. For UE1, there is no available transmission resource in NR sidelink. While for UE2, only 2 slot resources can be used as candidate resources and the probability of collision would be significantly high. 
Observation 1: For the long-term coordination in time domain:
· There would be adverse impact on the latency and reliability.

There is additional standardization work of HARQ operation for unicast and groupcast in RAN1 for long-term TDM in-device coexistence. The TDM resource allocation for NR sidelink transmission needs to take into HARQ operation, which includes the retransmission time and HARQ-ACK feedback, into account in assigning the TDM pattern.   However, considering the serious impact on the latency and reliability, long-term TDM in-device coexistence solution is not proposed. We focus our discussion to short-term TDM in-device solution.

Short-term coordination in time domain
For short-term TDM in-device solution, according to the objective of coexistence in 5G V2X with NR SL work item, any change of LTE specifications is not allowed at least from RAN1 and RAN2 perspective. Tx/Tx, Tx/Rx and Rx/Rx cases will be discussed in the following respectively.
For Tx/Tx case, there are three possible situations as follows:
· Situation 1: The reserved resources of LTE V2X sidelink can be known by NR V2X sidelink in advanced, NR V2X sidelink can avoid the time of the reserved resources by selecting or reselecting resource to satisfy the delay and/or reliability requirements of the packet.
· If the reserved resources of LTE V2X sidelink can be known by NR V2X sidelink before selecting resources, then
· For NR V2X sidelink initial transmission, reservation based re-transmission, and PSFCH transmission for HARQ-ACK feedback, NR V2X sidelink has to avoid the time of all the reserved resources of LTE V2X sidelink by selecting resource.
· For NR V2X sidelink dynamic scheduling based re-transmission and PSFCH transmission for HARQ-ACK feedback, NR V2X sidelink only need to avoid the time of the reserved resources of LTE V2X sidelink in the NR V2X sidelink selection window by selecting resource.
· If the reserved resources of LTE V2X sidelink can be known by NR V2X sidelink after selecting resources but before transmission, then
· For the NR V2X sidelink initial transmission, reselection can be considered. NR V2X sidelink has to avoid the time of all the reserved resources of LTE V2X sidelink by reselecting NR V2X sidelink initial resource.
· For the NR V2X sidelink re-transmission and PSFCH transmission for HARQ-ACK,
· If there is a feedback and NR V2X sidelink initial transmission is received successfully, drop NR V2X sidelink re-transmission resource.
· If there is a feedback and NR V2X sidelink initial transmission is received unsuccessfully, or there is no feedback, reselection can be considered. For the reservation based re-transmission, NR V2X sidelink has to avoid the time of all the reserved resources of LTE V2X sidelink by reselecting NR V2X sidelink re-transmission resource. For the dynamic scheduling based re-transmission, NR V2X sidelink only need to avoid the time of the reserved resources of LTE V2X sidelink in the NR V2X sidelink selection window by reselecting NR V2X sidelink re-transmission resource.
· Situation 2: The reserved resources of LTE V2X sidelink can be known to NR V2X sidelink in advanced, but NR V2X sidelink cannot avoid the time of the reserved resources by selecting or reselecting resource since delay and/or reliability requirements of the packet is not satisfied.
· NR V2X sidelink initial transmission, reservation based re-transmission, and PSFCH transmission for HARQ-ACK cannot avoid the time of the reserved resources of LTE V2X sidelink by selecting or reselecting resource since delay and/or reliability requirements of the packet is not satisfied.
· NR V2X sidelink dynamic scheduling based re-transmission cannot avoid the time of the reserved resources of LTE V2X sidelink in the NR V2X sidelink selection window by selecting or reselecting resource since delay and/or reliability requirements of the packet is not satisfied.
· Situation 3: The reserved resources of LTE V2X sidelink cannot be known by NR V2X sidelink in advanced. For example, information exchange between two sidelinks cannot be done before resource selection, or the same time domain is selected by the two sidelinks simultaneously.
For the above situation 1, NR V2X sidelink can exclude the resources with potential concurrent transmission of LTE V2X sidelink. For the above situation 2 and situation 3, Tx/Tx overlap cannot be solved by resource selection. Whether the overlapped transmission is allowed is up to RAN4. That means that if the overlapped transmission is not allowed from RAN4 perspective, one of two sidelinks has to be dropped. Some information shall be considered by UE when it has to decide which sidelink will be dropped, such as the PPPP of the LTE V2X packet, QoS parameters of the NR V2X packet, the traffic types of the packets. In addition, UE shall be pre-configured a priority rule to indicate which sidelink will be dropped.

Proposal 1: If LTE V2X sidelink and NR V2X sidelink have selected transmit resources with overlapped time domain, whether the overlapped transmission is allowed is up to RAN4.

Proposal 2: 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.

Proposal 3: UE shall be pre-configured a priority rule to indicate which sidelink will be dropped.

For Tx/Rx case, half-duplex problem should be considered. If the sidelink with Rx state is not sure whether there is a packet needs to be received in a time domain, UE can perform the sidelink transmission of another carrier in the time domain unless two carriers are in the same band or one carrier frequency is the multiple or sub-multiple carrier frequency (harmonic interference).  However, if the sidelink with Rx state has known there is a packet needs to be received in the time domain, for example by decoding SA, while another sidelink has selected the resource in the time domain, UE shall make decision to drop Tx or Rx in the time domain similar as the above analyzed Tx/Tx cases, for example, the resource selection/allocation of NR V2X sidelink can exclude the resources with high priority reception of LTE V2X sidelink.

Proposal 4: If the sidelink with Rx state is not sure whether there is a packet needs to be received in a time domain, UE has no reason to prohibit the transmission of another sidelink in the time domain at least for in-device coexistence perspective.

Proposal 5: If the sidelink with Rx state has known there is a packet needs to be received in the time domain, while another sidelink has selected the resource in the time domain, UE shall make decision to drop Tx or Rx similar as proposal 2 and proposal 3.

For Rx/Rx case, UE ability may be a decisive factor. We propose that it is up to RAN4 or UE implementation. If only one sidelink can be received in a time domain, UE shall make decision to drop which Rx similar as proposal 2 and proposal 3.

Proposal 6: Rx/Rx case is up to RAN4 or UE implementation.

Proposal 7: If only one sidelink can be received in a time domain, UE shall make decision to drop which Rx similar as proposal 2 and proposal 3.

Conclusion
In this contribution, we provide some proposals as follow:
Proposal 1: If LTE V2X sidelink and NR V2X sidelink have selected transmit resources with overlapped time domain, whether the overlapped transmission is allowed is up to RAN4.

Proposal 2: 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.

Proposal 3: UE shall be pre-configured a priority rule to indicate which sidelink will be dropped.

Proposal 4: If the sidelink with Rx state is not sure whether there is a packet needs to be received in a time domain, UE has no reason to prohibit the transmission of another sidelink in the time domain at least for in-device coexistence perspective.

Proposal 5: If the sidelink with Rx state has known there is a packet needs to be received in the time domain, while another sidelink has selected the resource in the time domain, UE shall make decision to drop Tx or Rx similar as proposal 2 and proposal 3.

Proposal 6: Rx/Rx case is up to RAN4 or UE implementation.

Proposal 7: If only one sidelink can be received in a time domain, UE shall make decision to drop which Rx similar as proposal 2 and proposal 3.
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