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Introduction
The following agreements were made in RAN1#94 for in-device coexistence study [1]:
	Agreements:
For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective: 
· LTE sidelink and NR sidelink do not have any coordinated procedures
· LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
· RAN1 will focus on this scenario in the SI

Agreements:
RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 
· TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions



In this contribution we discuss about the design challenges for LTE-NR in-device coexistence.
Discussion
Since ITS band is planned to be shared by both LTE V2X and NR V2X, potential solutions for in-device coexistence should be investigated. Challenges for LTE/NR coexistence can be considered in two parts.
· When Rx-Tx frequency separation is small, adjacent channel interference occurs at Rx due to RF saturation.
· When LTE and NR transmisssions overlap in time, simultaneous transmission may not be feasible at UE due todifferent numberology with different transmission symbol durations, intermodulation, power budget, etc.
Similar challenges were previously studied for LTE V2X multi-carrier design, and RAN4 input [2] provided clarifications on tx switching time and PA sharing. These RAN4 comments can be used as reference and more RAN4 input can be requested specifically for NR V2X due to its own design characteristics compared to LTE (e.g., possibly CP-OFDM on the sidelink instead of SC-FDMA, different subcarrier-spacing and slot formats, etc.). 
Besides CA-related design challenges, LTE-NR coexistence may require extra additional work due to its other inter-RAT characteristics. 
· As LTE and NR will possibly be implemented in separate stacks on the device, real time coordination will be more difficult to achieve due to inter-RAT delay for information exchange. 
· Some NR sidelink transmissions will require low latency. It is not clear whether it is feasible to minimize inter-RAT coordination delay to an acceptable value within the latency budget.
· LTE sidelink transmission operates similar to SPS while NR sidelink design will likely support more dynamic transmissions. Such design differences will overcomplicate device implementation for collision avoidance (in regards to both simultaneous Rx-Tx and simultaneous Tx-Tx operations)
· LTE V2X and NR V2X both support network-controlled and UE-autonomous resource allocation modes. When different technologies operate in different type of modes (i.e., LTE in mode-3 & NR in mode-2, or LTE in mode-4 & NR in mode-1), collision avoidance will be very difficult to achieve. One potential resolution could be designing some gNB/eNB coordination signaling over the air, however that would be contradictory to the principle of “UE-autonomous mode”. Another potential solution could be restricting simultaneous operations by in-device coexistence (i.e., both Rx-Tx and Tx-Tx) to only network-controlled resource allocation modes (i.e., mode-1 & mode-3). However, that would offer only limited performance gains.
· Due to half duplex constraints, NR/LTE V2X UE cannot simultaneously receive and transmit data. This would degrade resource utilization efficiency and performance. It would even prevent NR V2X from meeting its latency and reliability requirements. 

As discussed, design challenges for in-device coexistence are two-fold. The issues identified during LTE V2X CA work are still valid problems for LTE/NR coexistence, and hence half-duplex based solutions with exchange of coordination information can be considered to tackle these issues. However, there are further implementation problems with LTE/NR in-device coexistence due to its inter-RAT caharacteristics, and the feasibility of overcoming these problems is not clear.

We would like to propose the following:
Proposal: Challenges specific to inter-RAT characteristics of LTE-NR in-device coexistence should be investigated in addition to the challenges related to multi-carrier operation during the feasibility study of LTE-NR in-device coexistence.

Conclusions
We have the following proposal:

Proposal: Challenges specific to inter-RAT characteristics of LTE-NR in-device coexistence should be investigated in addition to the challenges related to multi-carrier operation during the feasibility study of LTE-NR in-device coexistence.
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