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Introduction
The co-channel coexistence between LTE sidelink and NR sidelink has been discussed in the past two RAN1 meetings. In RAN1 #110 meeting [1], the following agreements were made.

Working assumption
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.

Conclusion
For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated

Agreement
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.

In RAN #97e meeting [2], it was agreed that for the co-existence objective, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A.

In this contribution, we provide our views on the co-channel coexistence for LTE sidelink and NR sidelink.
Discussion
TDM-based semi-static resource pool partitioning
It was concluded that TDM-based semi-static resource pool partitioning is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs. In TDM-based semi-static resource pool partitioning, potential enhancements for synchronization can be further investigated. The main consideration is that LTE sidelink module and NR sidelink module may apply independent synchronization procedure, and hence, may rely on different synchronization references. 

In Rel-16 NR sidelink TDM solutions for in-device coexistence framework, the subframe boundary alignment is required between LTE and NR sidelinks, and both LTE and NR sidelinks are aware of the time resource index in both carriers. According to WID [3], the mechanism for co-channel coexistence for LTE sidelink and NR sidelink reuses the in-device coexistence framework in Rel-16 as much as possible. 

Hence, in our view, further enhancement for synchronization is not needed, given that Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR sidelink time slot and the subframe boundary of the LTE sidelink subframe. 

Proposal 1: For TDM-based semi-static resource pool partitioning, no enhancement for synchronization is needed.
· Rel-16 in-device framework is reused for the synchronization between LTE sidelink and NR sidelink.

Constraints for dynamic resource pool sharing
It was agreed [4] to impose certain constraints for the dynamic resource pool sharing in co-channel coexistence. The main motivation of these constraints is to avoid AGC issue to LTE sidelink reception. 

The first constraint is that NR sidelink resource pool is configured with 15 kHz sub-carrier spacing (SCS). It is open whether to support NR sidelink resource pool configured with higher SCS. If NR sidelink resource pool is configured with a higher SCS, then the second part of a subframe will have a different AGC than the first part of the subframe in LTE sidelink. This leads to reception issues to LTE sidelink. Hence, we do not consider NR sidelink resource pool configured with SCS higher than 15 kHz. 

Proposal 2: For dynamic resource pool sharing, do not support NR sidelink resource pool configured with SCS higher than 15 kHz. 

The second constraint is that NR PSFCH transmission should not occur on a subframe with LTE sidelink transmission. It is open how this is achieved in case PSFCH resources are configured in NR sidelink resource pool. 

Two alternatives were agreed for further study. In the first alternative, PSFCH transmission in time slots that overlap with subframes used for LTE sidelink transmissions is avoided. 

In the second alternative, NR sidelink UEs use a periodically repeating set of PSFCH slots. It relies on the RSSI-based candidate resources ranking in LTE sidelink resource selection procedure to exclude the resources with potential NR sidelink PSFCH transmissions. Consider that a certain amount of NR sidelink traffic is aperiodic. The occasional occurrence of NR sidelink PSFCH transmissions due to aperiodic traffic may not be well captured by the RSSI measurement for LTE sidelink resource selection procedure. Hence, it is not guaranteed this alternative is able to fully address the time-domain collision between NR PSFCH transmissions and LTE sidelink transmissions. 

Hence, we prefer alternative 1. In alternative 1, it is open that avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH. In our view, this PSFCH transmissions should be avoided from the system level or in a semi-static way. Specifically, if PSFCH resources configured by NR sidelink resource pool have time overlap with LTE sidelink resource pool, then the PSFCH resources should be dropped by all NR sidelink UEs. The avoidance of PSFCH transmissions does not rely on the detection of LTE sidelink transmissions on the time overlapping subframe. No simultaneous transmissions of NR PSFCH and LTE sidelink can be guaranteed, even when full LTE sidelink sensing results are not available at NR sidelink module at a type A device. 

Proposal 3: For dynamic resource pool sharing, support avoiding PSFCH transmission in time slots that overlap with subframes used for LTE sidelink transmissions.
· NR PSFCH resources are dropped if they have time overlap with LTE sidelink resource pool.

Schemes for dynamic resource pool sharing
It was agreed that for the study of feasibility of dynamic resource pool sharing, the NR sidelink module in device type A uses the sensing and resource reservation information shared by the LTE sidelink module in the same device. 

It is open on the details on how the LTE sidelink module shares the information to the NR sidelink module. In our view, the LTE sidelink module may share the LTE sidelink sensing and resource reservation information at the request from the NR sidelink module. For example, when NR sidelink module is about to select a resource for data transmission, it may send a request to LTE sidelink module for the LTE sidelink sensing and resource reservation information. With the reception of such request, the LTE sidelink module provides the corresponding information. Alternatively, LTE sidelink module autonomously provides LTE sidelink sensing and resource reservation information when certain conditions are met. For example, LTE sidelink module provides LTE sidelink sensing and resource reservation information periodically or when the LTE sidelink CBR level is above a threshold. 

Proposal 4: In dynamic resource pool sharing for co-channel coexistence, consider that type A device’s LTE sidelink module shares the LTE sidelink sensing and resource reservation information with its NR sidelink module, at the request from the NR sidelink module or at certain conditions. 

In NR sidelink, the time  is defined for the processing of NR sidelink sensing results. Similarly, in dynamic resource pool sharing for co-channel coexistence, it is desirable to define a processing time for NR sidelink module to process LTE sidelink sensing results. If type A device’s NR sidelink module receives LTE sidelink sensing results from its LTE sidelink module within X milliseconds before the NR sidelink resource selection trigger, then it is not expected to use the information shared by LTE sidelink module. 

Proposal 5: In dynamic resource pool sharing for co-channel coexistence, type A device’s NR sidelink module is not expected to use the information shared by LTE sidelink module if it is within X ms before the resource selection trigger at the NR sidelink module. 

It is open on the details on the exact information shared from LTE sidelink module to NR sidelink module. In our view, the time and frequency location of LTE sidelink reserved resources need to be indicated. For example, for frequency location of a LTE sidelink resource reservation, the frequency resource location of initial transmission and retransmission (as a field in LTE SCI format 1) and the lowest index of the sub-channel are to be shared. For time location of a LTE sidelink resource reservation, the time gap between initial transmission and retransmission (as a field in LTE SCI format 1) and the subframe of the initial transmission need to be shared. To indicate the subframe of the initial transmission of each resource reservation, we could use a reference subframe location and a time gap from the reference subframe location to the subframe of initial transmission of each resource reservation. This is similar to the inter-UE coordination signaling scheme. 

Besides the time and frequency location of LTE sidelink reserved resources, the associated resource reservation periodicity is also indicated. 

Since for co-channel coexistence in Rel-18, no changes in the LTE sidelink specifications are allowed, the shared information from LTE sidelink module is assumed to be in LTE sidelink information format (e.g., in terms of sub-channel index based on LTE sidelink resource pool configuration). The interpretation of the frequency locations of these reserved resources is performed at NR sidelink module. 

Proposal 6: In dynamic resource pool sharing for co-channel coexistence, type A device’s LTE sidelink module at least shares the following information to NR sidelink module: 
· Time of reserved LTE sidelink resources
· Frequency of reserved LTE sidelink resources
· Periodicity of reserved LTE sidelink resources 

It is open on the details on how the NR sidelink module uses the information shared from LTE sidelink module. Since the shared information indicates a set of non-preferred resources, we think they can be treated in the similar way as inter-UE coordination scheme 1 with a non-preferred resource set. Specifically, the NR sidelink module physical layer excludes in its resource selection, candidate single-slot resources obtained after Step 6) of TS 38.214 overlapping with the resources indicated by LTE sidelink module.

In dynamic resource pool sharing for co-channel coexistence, it is possible that a NR sidelink sub-channel is not fully overlapped with an LTE sidelink sub-channel. This is because the sub-channel size and starting sub-channel PRB in NR sidelink configuration can be different from those configured in LTE sidelink. For example, an NR sidelink sub-channel fully overlaps with more than 1 consecutive LTE sidelink sub-channel. In this case, if a single LTE sidelink sub-channel is reserved, whether the whole NR sidelink sub-channel is excluded from the candidate resource set needs to be determined. 

Proposal 7: In dynamic resource pool sharing for co-channel coexistence, type A device’s NR sidelink module physical layer excludes in its resource selection, candidate single-slot resource(s) obtained after Step 6) of TS 38.214 Section 8.1.4 overlapping with the resources indicated by LTE sidelink module.
· Consider the case of partial overlap between LTE sidelink sub-channel and NR sidelink sub-channel

It is open whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE sidelink. In Release 17 NR sidelink, inter-UE coordination schemes are introduced to enhance mode 2 resource allocation reliability. The inter-UE coordination schemes can be further enhanced in the scenario of dynamic resource pool sharing for co-channel coexistence between LTE sidelink and NR sidelink. For example, a first UE of device type A operating on both NR sidelink and LTE sidelink could provide inter-UE coordination information to a second UE. The inter-UE coordination information is generated based on the sensing results from both LTE sidelink and NR sidelink. This helps to avoid resource collision between the second UE’s NR sidelink traffic and other UEs’ LTE sidelink traffic. 

Proposal 8: In dynamic resource pool sharing for co-channel coexistence, support that device type A receives LTE sidelink sensing and resource reservation information via inter-UE coordination. 

Conclusion
In this contribution, we provided our views on co-channel coexistence between LTE sidelink and NR sidelink. Our proposals are as follows:

Proposal 1: For TDM-based semi-static resource pool partitioning, no enhancement for synchronization is needed.
· Rel-16 in-device framework is reused for the synchronization between LTE sidelink and NR sidelink.

Proposal 2: For dynamic resource pool sharing, do not support NR sidelink resource pool configured with SCS higher than 15 kHz. 

Proposal 3: For dynamic resource pool sharing, support avoiding PSFCH transmission in time slots that overlap with subframes used for LTE sidelink transmissions.
· NR PSFCH resources are dropped if they have time overlap with LTE sidelink resource pool. 

Proposal 4: In dynamic resource pool sharing for co-channel coexistence, consider that type A device’s LTE sidelink module shares the LTE sidelink sensing and resource reservation information with its NR sidelink module, at the request from the NR sidelink module or at certain conditions. 

Proposal 5: In dynamic resource pool sharing for co-channel coexistence, type A device’s NR sidelink module is not expected to use the information shared by LTE sidelink module if it is within X ms before the resource selection trigger at the NR sidelink module. 

Proposal 6: In dynamic resource pool sharing for co-channel coexistence, type A device’s LTE sidelink module at least shares the following information to NR sidelink module: 
· Time of reserved LTE sidelink resources
· Frequency of reserved LTE sidelink resources
· Periodicity of reserved LTE sidelink resources 

Proposal 7: In dynamic resource pool sharing for co-channel coexistence, type A device’s NR sidelink module physical layer excludes in its resource selection, candidate single-slot resource(s) obtained after Step 6) of TS 38.214 Section 8.1.4 overlapping with the resources indicated by LTE sidelink module.
· Consider the case of partial overlap between LTE sidelink sub-channel and NR sidelink sub-channel

Proposal 8: In dynamic resource pool sharing for co-channel coexistence, support that device type A receives LTE sidelink sensing and resource reservation information via inter-UE coordination. 
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