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Introduction
This contribution is to discuss co-channel coexistence for LTE sidelink and NR sidelink on semi-static resource pool partitioning and dynamic resource sharing. It also covers the mechanism(s) for resource pool configuration, resource sensing and reservation, SCS and PSFCH handling.

Discussion
As per RAN1#109-e meeting agreement, the solution of co-channel coexistence will be discussed under the scope of resource pools. The solutions would be roughly categorized as semi-static resource pool partitioning and dynamic resource sharing. This contribution will then be organized in these two aspects in following sub-sections. 
	Agreement 
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.




Semi-Static Resource Pool Partitioning

SCS and PSFCH Handling
The following was discussed in last RAN1#110 meeting for Issue 2-2: FDM-based Semi-static Resource Pool Partitioning.
	Proposal 2-2 (II):
· For co-channel coexistence in Rel-18, RAN1 assumes that the FDM-based semi-static resource pool partitioning can be used based on Rel-16/17 specifications, and can be studied with the following constraints:
· NR SL resource pool is configured with only 15 kHz SCS.
· FFS other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools.
· Transmission/reception Configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted.
· FFS other solutions to overcome the AGC issues caused due to PSFCH being configured in NR SL resource pools.
· FFS other constraints whether a guard band is required requirement.
· Note: The LTE and NR resource pools do not overlap in frequency with each other in the FDM-based semi-static resource pool partitioning.




For FDMed LTE and NR SL resource pools with semi-static resource pool partitioning, different SCS may cause issues of 1) AGC issue of PSFCH and 2) non-orthogonality between different SCS. The issue 2) can be resolved by having guard band/RBs. AGC issue is the common RF filter is used for two RATs and the received PSD of PSFCH can be higher because of accumulation of multiple UE's transmissions. To fix SCS being 15kHz can avoid non-orthogonality between different SCS. Not to have FDMed PSFCH in NR can avoid AGC issue. We are also ok with different SCS if the issue caused by PSFCH can be resolved. 
[bookmark: _Toc115249222]Proposal 1: For FDMed LTE and NR SL resource pools with semi-static resource pool partitioning, to fix SCS being 15kHz to avoid non-orthogonality between different SCS, and not to have FDMed PSFCH in NR to avoid AGC issue. (Note we are also ok with different SCS if the issue caused by PSFCH can be resolved)


Dynamic Resource Sharing
The dynamic resource sharing would be for resource pools accessible for Type A devices and also other types of devices (“device type” is used in R18 to distinguish from R17 “UE type”). The following agreement and proposals are from the RAN1#110 and RAN1#109-e meeting for defining different types and also on the coexistence of different device types.
	Working assumption (RAN1#110)
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.

Proposal 1-2a (II): (RAN1#110 Issue 1-2: Type B Devices)
· For co-channel coexistence solutions in Rel-18, RAN1 is to study device type B which contains:
· Alt 1: Only an NR SL module.
· Alt 2: a co-located LTE SL and NR SL module, but the LTE SL module does not share any LTE sensing and resource reservation information.

Proposal 1-3 (II): (RAN1#110 Issue 1-3: Device Type Coexistence)
· For co-channel coexistence solutions in Rel-18, the supported device type(s) Type A (and Type B, if agreed to be supported) (type A and/or type B) has to at least coexist at least with LTE SL devices.
· RAN1 does not pursue any further potential enhancements for device type other than A and/or B (and B if agreed).

Agreement: (RAN1#109-e)
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 
· For device type A, the NR SL module uses the sensing and resource reservation information shared by the LTE SL module.
· FFS details on how the NR SL module uses this information.
· FFS details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.
· FFS: Whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL.
· FFS: Whether/how device type B should be supported.

Proposal 1-1 (IV) (RAN1#109-e)
· For the study of co-channel coexistence solutions in Rel-18, at least device type A is considered.
· FFS: Whether type B devices are considered.
· For the study of co-channel coexistence solutions in Rel-18, the supported considered device type(s) coexist with type C devices in the same channel, type D and type E devices.
· Note:
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules
· Type B devices are Rel-18 devices that contain only NR SL modules
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules 
· Type D devices are Rel-16/17 devices that contain only NR SL modules
Type E devices are Rel-16 devices that contain both LTE SL and NR SL modules based on in-device coexistence framework



It has also been agreed in the revised WID from RAN#97-e meeting that “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”. 
Regarding to the device types, we think that, for V2X usage perspective, co-existence with type A and type C are sufficient and with high priority as it is the use case where NR SL is introduced to the deployment of LTE SL. The co-existence among type A, B and C can be considered for other than V2X use case but lower priority.
[bookmark: _Toc115249223]Proposal 2: For V2X usage perspective, co-existence of type A and type C are sufficient (with the high priority). The co-existence among type A, B and C can be considered for SL use cases other than V2X (with lower priority).

For the intra UE LTE/NR overlap scenarios of [LTE TX, NR RX] and [LTE RX, NR TX], no concurrent Tx/RX could be performed as the transmission signal interferes to receiver side similar to single SL operation. For the overlap scenario of [LTE RX, NR RX], we think at least type A SL devices should be capable to receive both LTE SL and NR SL simultaneously, as it has similar complexity with separate FDMed LTE and NR spectrums. Then for the overlap scenario of [LTE TX, NR TX], for SL UEs capable to perform simultaneous TX of LTE and NR SLs, some optimization on dynamic power sharing between [LTE TX, NR TX] may also be considered. 
[bookmark: _Toc115249224]Proposal 3: Type A devices should be capable to receive both LTE SL and NR SL simultaneously 
[bookmark: _Toc115249225]Proposal 4: For SL UEs capable to perform simultaneous TX of LTE and NR SLs, some optimization on dynamic power sharing may also be considered


Configuration of Resource Pools
As discussed in last RAN1#109-e meeting, how to configure/update such resource pool would be a critical issue, as no spec change is allowed for LTE. Then the up to 16 resource pools (per carrier) for LTE can only be updated in legacy manners (Uu: RRC, SIB; PC5: as per section 5.1 of TS23.287). This may be out of RAN1 scope.
For the configuration of the dynamic sharing resource pools. We think there could be two possibilities: namely – 1) the same resource pool configuration is applied for LTE SL and NR SL, and 2) LTE resource pools are overlapped with NR resource pools and the LTE/NR pools are configured separately. Considering the two possibilities, we think it needs to be clarified how the resource pools are configured to LTE SL and NR SL. If to support partial overlapping between LTE and NR resource pools are necessary, the latter configuration should be taken.
[bookmark: _Toc115249226]Proposal 5: The configuration of the dynamic sharing resource pools may have two possibilities: – 1) same resource pool for LTE SL and NR SL, and 2) overlapped but separated configuration for LTE and NR SL. The kind of resource pool configuration needs to be clarified.


Resource Sensing and Reservation
The following was discussed that the NR SL module uses the sensing and resource reservation information shared by the LTE SL module. 
	Proposal 2-4a (II): (Issue 2-4: Dynamic Resource Pool Sharing – Use of LTE Sensing Information)
· For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the NR SL module in type A devices supports the use of uses the LTE SL sensing and resource reservation information to exclude resources reserved by LTE SL UEs from the set of available resources in its own resource selection procedures.
· FFS details of resource exclusion by NR SL module.

Proposal 2-4b (II): (Issue 2-4: Dynamic Resource Pool Sharing – Use of LTE Sensing Information)
· For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· LTE sensing results may include
· Time and frequency locations of reserved LTE transmissions
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· Priority
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE.
· FFS other parameters including (but not limited to):
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· FFS details.

· 



Regarding to how the NR SL module uses this information, in our understanding, all the sensing and exclusion procedures are handled by PHY layer so that better resources could be reported. Therefore, all the LTE PHY layer sensing information should be transparent to NR module. Then the information from LTE sensing procedures would be treated with equal priority during NR sensing procedures, i.e., non-proper resources from LTE sensing (by priority, SCI, etc.) are excluded to each X%. 
[bookmark: _Toc115249227]Proposal 6: Assuming all LTE PHY layer sensing information are transparent to NR module, then the information would be treated same as NR sensing, i.e., non-proper resources from LTE sensing (by priority, SCI, etc.) are excluded to each X%.

Regarding to the details on how the LTE SL module shares the information to the NR SL module, as no spec change allowed for LTE, we think RAN1 may not come with agreement on how LTE SL module share the information, what to be shared and the timeline, etc. To have the agreement on the modelling assumption of above FFS would be useful but the detail should be up to implementation
[bookmark: _Toc115249228]Proposal 7: As no spec change allowed for LTE, how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc., would be up to UE implementation.

For whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL, we think Inter-UE coordination can be used for there are both Type B UE and Type A UE in the resource pool (e.g., If RSU is Type A UE and others are Type B UE in rel.17 manner). Other Type A devices may broadcast its LTE sensing results (from other LTE UEs) as “non-preferred resource” as inter-UE coordination so that at least Type B devices would try to avoid such resources. Type B devices may have lower priority compared with type A devices.
[bookmark: _Toc115249229]Proposal 8: Inter-UE coordination can be used for there are both Type B UE and Type A UE in the resource pool (e.g., if RSU is Type A device and others are Type B devices in rel.17). Type A devices may broadcast its LTE sensing results (from other LTE UEs) as “non-preferred resource” as inter-UE coordination so that other Type A devices and Type B devices would try to avoid such resources. Type B devices may have lower priority compared with type A devices.

Also, for Type A devices, it may indicate their own reservation with both LTE and NR SCIs. When NR Tx/Rx is performed, one possible solution is that a reservation/indication by LTE, so that LTE UE will be able to skip the resources used by NR in this kind of pool. The LTE reservation/indication could be either prior to or together with the NR transmission and/or NR reservation. Alternatively, for in-coverage UEs, they can use gNB to relay the information via UL and DL.
[bookmark: _Toc115249230]Proposal 9: For Type A devices, it may indicate their own reservation with both LTE and NR SCIs (at least for type C devices). Alternatively, for in-coverage UEs, they can use gNB to relay the information via UL and DL.
[bookmark: _Toc115249231]Proposal 10: For in-coverage UEs, they can use gNB to relay the sensing information via UL and then DL to targeted UEs.

In another possibility, for an LTE/NR shared resource pool, it could be specified that periodic reservation of LTE V2X is used for LTE V2X, and the remaining resource is used for NR V2X. Considering dynamic scheduled NR SL are mostly aperiodic transmissions and may be with more time-sensitive latency requirement, the dynamically scheduled NR SL transmissions may be prioritized over LTE even with lower priority.
[bookmark: _Toc115249232]Proposal 11: For an LTE/NR shared resource pool, it could be specified that periodic reservation of LTE V2X is used for LTE V2X, and the remaining resource is used for NR V2X. The dynamically scheduled NR SL transmissions may be prioritized over LTE even with lower priority.


SCS and PSFCH Handling
The constraints for SCS and PSFCH has been discussed in last RAN1 #110 meeting, and the following has been agreed under Issue 2-3: Dynamic Resource Pool Sharing – SCS and PSFCH. 
	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.




Regarding to SCS, to allow multiple SCS will be more flexible while single SCS is easier to implement. In our opinion, different cases should have different constrains on SCS. Namely, if type A devices is signalling its own reservation with both LTE and NR SCIs, it can be ok with different SCS if PSFCH AGC issue can be resolved; if type A devices is not signalling its own reservation with both LTE and NR SCIs, to limit the same SCS would be better as LTE SCI cannot indicate NR's usage
[bookmark: _Toc115249233]Proposal 12: For SCS handling in resource pool(s) with dynamic resource sharing between LTE and NR SL: 
- if type A devices is signalling its own reservation with both LTE and NR SCIs, it can be ok with different SCS if PSFCH can be resolved
- if type A devices is not signalling its own reservation with both LTE and NR SCIs, to limit the same SCS would be better as LTE SCI cannot indicate NR's usage

Regarding to PSFCH, whether to allow PSFCH in the shared resource pool has pros (better resource coordination) and cons (AGC issues). We think at least for type C devices, if the UE does not use PSFCH resource by proper resource pool configuration (or other means), it can be ok to have PSFCH within the same resource pool. Furthermore, for the two alternatives to be studied as in the last meeting agreement, we think both alternatives can work and down select either one of the two alternatives is our preference.
[bookmark: _Toc115249234]Proposal 13: If type C devices are not using PSFCH resource by proper resource pool configuration (or other means), it can be ok to have in the resource pool with dynamic resource sharing.  We think both alternatives as in last meeting agreements could resolve the PSFCH issue.  Either is ok to us.

Conclusion 
In this contribution, followings proposals are made: 
Proposal 1: For FDMed LTE and NR SL resource pools with semi-static resource pool partitioning, to fix SCS being 15kHz to avoid non-orthogonality between different SCS, and not to have FDMed PSFCH in NR to avoid AGC issue. (Note we are also ok with different SCS if the issue caused by PSFCH can be resolved)
Proposal 2: For V2X usage perspective, co-existence of type A and type C are sufficient (with the high priority). The co-existence among type A, B and C can be considered for SL use cases other than V2X (with lower priority).
Proposal 3: Type A devices should be capable to receive both LTE SL and NR SL simultaneously
Proposal 4: For SL UEs capable to perform simultaneous TX of LTE and NR SLs, some optimization on dynamic power sharing may also be considered
Proposal 5: The configuration of the dynamic sharing resource pools may have two possibilities: – 1) same resource pool for LTE SL and NR SL, and 2) overlapped but separated configuration for LTE and NR SL. The kind of resource pool configuration needs to be clarified.
Proposal 6: Assuming all LTE PHY layer sensing information are transparent to NR module, then the information would be treated same as NR sensing, i.e., non-proper resources from LTE sensing (by priority, SCI, etc.) are excluded to each X%.
Proposal 7: As no spec change allowed for LTE, how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc., would be up to UE implementation.
Proposal 8: Inter-UE coordination can be used for there are both Type B UE and Type A UE in the resource pool (e.g., if RSU is Type A device and others are Type B devices in rel.17). Type A devices may broadcast its LTE sensing results (from other LTE UEs) as “non-preferred resource” as inter-UE coordination so that other Type A devices and Type B devices would try to avoid such resources. Type B devices may have lower priority compared with type A devices.
Proposal 9: For Type A devices, it may indicate their own reservation with both LTE and NR SCIs (at least for type C devices). Alternatively, for in-coverage UEs, they can use gNB to relay the information via UL and DL.
Proposal 10: For in-coverage UEs, they can use gNB to relay the sensing information via UL and then DL to targeted UEs.
Proposal 11: For an LTE/NR shared resource pool, it could be specified that periodic reservation of LTE V2X is used for LTE V2X, and the remaining resource is used for NR V2X. The dynamically scheduled NR SL transmissions may be prioritized over LTE even with lower priority.
Proposal 12: For SCS handling in resource pool(s) with dynamic resource sharing between LTE and NR SL:  
- if type A devices is signalling its own reservation with both LTE and NR SCIs, it can be ok with different SCS if PSFCH can be resolved 
- if type A devices is not signalling its own reservation with both LTE and NR SCIs, to limit the same SCS would be better as LTE SCI cannot indicate NR's usage
Proposal 13: If type C devices are not using PSFCH resource by proper resource pool configuration (or other means), it can be ok to have in the resource pool with dynamic resource sharing.  We think both alternatives as in last meeting agreements could resolve the PSFCH issue.  Either is ok to us.
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