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Introduction
In RAN1 #109-e meeting, some preliminary discussions and agreements on co-channel coexistence for LTE sidelink and NR sidelink were made in [1]. And the WID was revised and approved as [2] in RAN #96 meeting. In this contribution, we further provide some discussions on co-channel coexistence for LTE sidelink and NR sidelink and provide our views on the potential specification impact.
	Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.
Agreement
For co-channel coexistence in Rel-18, Rel-16/17 simulation assumptions are reused for evaluation of solutions, except for the UE dropping model.
· FFS: UE dropping model
Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.
· FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).
Agreement
For evaluation of co-channel coexistence solutions in Rel-18, support the inclusion of dual module devices with NR+LTE modules using the following UE dropping models: 
· UE Dropping Model A: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is modified by doubling the time in the upper limit, resulting in max{2 meter, an exponential random variable with the average of the speed * 4sec}.
· UE Dropping Model B: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is maintained the same as current assumptions, i.e., max{2 meter, an exponential random variable with the average of the speed * 2sec}.
Companies should mention the UE dropping model and the distribution of each device type (single/dual module) used in their simulation assumptions.
Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.
Agreement
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.



Discussions
2.1 Type of devices to be considered 
In last WG meeting, the following five types of devices were recognized:
· 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
Although we had a hot discussion on device types during the RAN1 #109-e meeting, no agreement was reached in the end. For this issue, we think it could be discussed from two perspectives, one is from deployment perspective, the other is from solution/evaluation perspective. 
From the perspective of deployment, some of combinations of any of the devices of Rel-14/15/16/17 and Rel-18 would be deployed in some regions/countries. Specifically for ITS band, it is the primary spectrum for both LTE sidelink devices (Type C) and NR sidelink devices (Type D and E). In addition, according to the WID description, "Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool.", type D/E devices is supposed to co-exist with Rel-18 devices and should be taken into account in this objective. Considering the WID motivation and deployment scenarios of co-channel coexistence for LTE sidelink and NR sidelink, in addition to Rel-18 devices, Type C,D,E devices should be considered together.
[bookmark: _Toc9518][bookmark: _Toc21503]Considering the deployment scenarios, in addition to Rel-18 devices, Type C,D,E devices should be considered together.
From the perspective of evaluation/solutions, typically, there are two type of solutions, semi-static and dynamic co-channel coexistence. We have agreed that in last RAN1 meeting that no changes in the LTE SL specifications are allowed. We also have the widely supported understanding that no significant enhancement on Type D/E devices is desired. But to evaluate and support semi-static co-channel coexistence for LTE sidelink and NR sidelink, some potential enhancement on UE behavior and/or network configuration should be considered in Rel-18 taking Type C/D/E devices into account. 
[bookmark: _Toc9277][bookmark: _Toc26806]To evaluate and support semi-static co-channel coexistence for LTE sidelink and NR sidelink, Type C/D/E devices should be taken into account.
To study and support dynamic co-channel coexistence (solution C), only enhanced device with sensing LTE functionality (e.g. Type A) is supported, legacy devices, e.g. Type D/E devices cannot be supported on the carrier if only solution C is supported. The LTE module of type A device can sense the resources reserved by LTE devices, then share the sensing result to NR module for resource selection for NR transmission. But Type B device doesn’t have the ability to sense LTE SL resources. To support this kind of device, such enhancement as UE assistive sensing of LTE resources would be called for. Considering workload and scope, it is proposed to consider introducing type B after we complete the solutions for type A. That means, from the perspective of evaluations/solutions, we recommend studying type A device in high priority if dynamic co-channel coexistence is supported.
[bookmark: _Toc18920][bookmark: _Toc102068345][bookmark: _Toc22511][bookmark: _Toc8852][bookmark: _Toc17829][bookmark: _Toc2942]To evaluate and support dynamic co-channel coexistence for LTE sidelink and NR sidelink, Type A device should be studied in high priority.
2.2 Mode combinations
Considering two modes are already supported by LTE SL and NR SL respectively, if solution C is supported, there are four combinations of operation modes as follows:
· Combination A : Mode 2 NR SL + Mode 4 LTE SL
· Combination B : Mode 1 NR SL + Mode 4 LTE SL
· Combination C : Mode 2 NR SL + Mode 3 LTE SL
· Combination D : Mode 1 NR SL + Mode 3 LTE SL
From deployment perspective, any of the operation modes for LTE and NR SL coexistence should not be ruled out. Therefore, all of above mode combinations should be supported.
[bookmark: _Toc29982][bookmark: _Toc22474]From deployment perspective, all of the four mode combinations should be supported,
· [bookmark: _Toc7506][bookmark: _Toc3758]Combination A : Mode 2 NR SL + Mode 4 LTE SL
· [bookmark: _Toc27596][bookmark: _Toc10650]Combination B : Mode 1 NR SL + Mode 4 LTE SL
· [bookmark: _Toc10827][bookmark: _Toc8510]Combination C : Mode 2 NR SL + Mode 3 LTE SL
· [bookmark: _Toc13174][bookmark: _Toc2954]Combination D : Mode 1 NR SL + Mode 3 LTE SL.
Regarding specification aspect to enable actual deployment, each of the four mode combinations has different normative work requirement. 
For Combination D, the resources are allocated by eNB/gNB, the coordination of resource allocation could be done by network, that means no RAN1 specification work is needed. 
Regarding Combination A and C, we have agreed that "For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed."[1], that means only the enhancements on mode 2 NR SL are expected, and we didn’t see essential difference of mode 2 NR SL between Combination A and C. And it is agreed that for study purpose, Combination A is considered with high priority [1], so Combination C should have the same priority as Combination A. 
[bookmark: _Toc111197384]The solution of Combination A can be reused for Combination C because there is no essential difference for NR SL mode 2 between combination A and C.
[bookmark: _Toc17072][bookmark: _Toc6573]Combination C should has the same priority as Combination A.
Regarding specification efforts for Combination B (Mode 1 NR SL + Mode 4 LTE SL), Mode 1 NR SL may have to sense the resource pool to avoid resource collision with mode 4 LTE SL. It is very similar with the combination of mode 3 LTE SL and mode 4 LTE SL coexisting in the same resource pool, which is already supported in Rel-15. Sensing and reporting the sensing results to network is supported by LTE SL mode 3 UE, so that eNB could allocate the resources for mode 3 LTE SL based on sensing results. So we think the solution in Rel-15 can be considered for NR SL mode 1 UE to support Combination B.  
[bookmark: _Toc27325][bookmark: _Toc1567]For combination B, the legacy mechanism in Rel-15 (sensing and reporting the sensing results to network) can be considered as starting point for NR SL mode 1 UE.

2.3 Feasibility of semi-static and dynamic solutions
During the discussions in the meeting RAN 1#109-e, three solutions were mentioned:
· Solution A: TDM based co-channel coexistence – Separate resource pools for LTE SL and NR SL in the same channel or band, configured over different time slots.
· Solution B: FDM based co-channel coexistence – Separate resource pools for LTE SL and NR SL in the same time slots, configured over different channels or bands.
· Solution C: Dynamic co-channel coexistence – Same resource pool for LTE SL and NR SL, sharing resources across time and frequency.
For solution A, configuring separate resource pools in a TDM manner can be pursued based on Rel-16/17 NR sidelink specification. Therefore, solution A can support all of Rel-16/17/18 NR sidelink coexistence with LTE sidelink by assigning orthogonal resource pools, and can support flexible subcarrier spacing configuration without AGC issues and inter RAT interference between NR and LTE SL. However, the premise is that NR SL resource pools and LTE SL resource pools are completely orthogonal in time domain. To achieve this in a realizable way, at least the following conditions need to be considered in resource pool and synchronization configuration:
· The time position of S-SSBs (pre-)configured for NR SL and SLSS resource configured for LTE SL is the same.
· The number of S-SSBs (pre-)configured for NR SL and SLSS resource for LTE SL is the same.
· The number of reserved slots for NR SL and LTE SL is the same.
· Slot boundary is aligned.
[bookmark: _Toc111197385][bookmark: _Toc22913][bookmark: _Toc10843][bookmark: _Toc101709372][bookmark: _Toc86935884][bookmark: _Toc5439][bookmark: _Toc87036161][bookmark: _Toc111197386]TDM based co-channel coexistence solutions can support all of Rel-16/17/18 NR sidelink coexistence with LTE sidelink and allows flexible subcarrier spacing configuration without causing interference and AGC issues to LTEor NR sidelink. 
[bookmark: _Toc11974][bookmark: _Toc95396001][bookmark: _Toc31266][bookmark: _Toc12185][bookmark: _Toc87036168][bookmark: _Toc8085][bookmark: _Toc17000][bookmark: _Toc29756][bookmark: _Toc22039][bookmark: _Toc3580] To achieve complete orthogonality of NR and LTE SL resource pools in time domain, at least the following conditions need to be met for NR and LTE SL: the same time position and number of S-SSBs and synchronization signals, the same number of reserved slots, and aligned slot boundary.
For solution B, configuring separate resource pools in a FDMed manner is already feasible based on the Rel-16/17 NR sidelink specifications. Therefore, solution B also can support all of Rel-16/17/18 NR sidelink coesitence with LTE sidelink by assigning orthogonal resource pools in frequency domain. To support FDM operation, synchronization alignment for LTE and NR devices, priority procedure for in-device co-channel coexistence, AGC issues of PSFCH in FDM based co-channel coexistence should be studied, and relevant specification changes on NR sidelink are expected. 
[bookmark: _Toc111197387]FDM based co-channel coexistence solutions can support all of Rel-16/17/18 NR sidelink coexistence with LTE sidelink, and some specification changes on NR sidelink are expected. 
For solution C, the resources selected by NR SL UEs and LTE SL UEs may collide. According to the agreements in the last meeting, only NR SL can be enhanced. Therefore, solution C only can support Rel-18 NR sidelink coexistence with LTE sidelink only.
[bookmark: _Toc111197388]Dynamic co-channel coexistence can be support by only Rel-18 NR sidelink coexisting coexistence with LTE sidelink only. 
In addition, to support solution B and solution C, concerns are were raised by many companies in the last meeting. For example, AGC issues caused by different SCS between two RATs or by NR PSFCH. To avoid the AGC issues, restriction should be applied to NR SL in Rel-18 that PSSCH/PSCCH shall occupy all symbols in a slot with 15kHz SCS. Alternatively multi-slot aggregation could be considered where the same or different TBs can be transmitted on each slot. Besides, the AGC issue caused by PSFCH can be avoided by one of the following options:
· Option 1: When the slots configured for NR PSFCH resources overlap with the slots in LTE SL resource pool, no transmission or reception of NR PSFCH is performed on the NR PSFCH resources.
· Option 2: Introducing a long PSFCH format with the same number of symbols as PSCCH/PSSCH.
· Option 3: HARQ is not supported in case of dynamic co-channel coexistence for NR SL.
[bookmark: _Toc111197389]FDM based co-channel coexistence and dynamic co-channel coexistence may have AGC issues due to different SCS adopted by NR SL and LTE SL, or PSFCH of NR SL. 
[bookmark: _Toc30246][bookmark: _Toc12141] To avoid the AGC issues caused by different SCS, restriction should be applied to NR SL in Rel-18 that PSSCH/PSCCH shall occupy all symbols in a slot with 15kHz SCS, or multi-slot aggregation can be considered.
[bookmark: _Toc29802][bookmark: _Toc6348]To avoid the AGC issue caused by PSFCH, one of the following options can be considered:
[bookmark: _Toc2299][bookmark: _Toc20519]Option 1: When the slots configured for NR PSFCH resources overlap with the slots in LTE SL resource pool, no transmission or reception of NR PSFCH is performed on the NR PSFCH resources.
[bookmark: _Toc19930][bookmark: _Toc354]Option 2: Introducing a long PSFCH format with the same number of symbols as PSCCH/PSSCH.
[bookmark: _Toc12275][bookmark: _Toc2104]Option 3: HARQ is not supported in case of dynamic co-channel coexistence.
Considering above options, if a solution incurring less specification impact is desired for dynamic co-channel coexistence, e.g. for Rel-18 UE, PSSCH/PSCCH shall occupy all symbols in a slot with 15kHz SCS, it sees of marginal benefit to transmit sidelink information via NR SL instead of LTE SL. And the motivation of supporting solution C is questionable. In short, solution C should be supported in a way that a full set of NR SL functionality defined in Rel-16/17 is supported.
[bookmark: _Toc719]Solution C should be supported in a way that a full set of NR SL functionality defined in Rel-16/17 is supported.
In all, in our opinion, semi-static solutions (e.g. solution A and B) is workable for co-channel coexistence between LTE sidelink and NR sidelink with the position that implementation feasibility of resource sharing by resource pool reconfiguration is undoubtful. Given most companies believe that the discussion on implementation feasibility has gone beyond RAN1 scope, we should focus on the completeness and specification impact of solutions themselves. 
[bookmark: _Toc25281][bookmark: _Toc4054][bookmark: _Toc29991][bookmark: _Toc102068347]
2.4 Synchronization
Similar to Rel-16 in-device coexistence, subframe boundary alignment is also a prerequisite for co-channel coexistence. Otherwise, the previous slot transmission and the current slot transmission would overlap in case of TDM/FDM based co-channel coexistence, or dynamic co-channel coexistence. 
When it comes to the synchronization procedure of NR SL and LTE SL, the priority selection order of NR SL synchronization is not exactly the same as that of LTE SL synchronization. To ensure subframe boundary alignment, NR SL modules are required to maintain consistent synchronization with LTE SL modules instead of independently selecting synchronization sources of their own. In order to have a unified synchronization source and reduce unnecessary multiple synchronization sources, NR SL can use the same synchronization priority selection order as LTE SL via one of the following options:
· Option 1: For dual module device, only LTE SL module perform synchronization procedure, and NR SL module uses the timing shared by co-located LTE module.
· Option 2: NR SL and LTE SL perform synchronization procedure respectively according to the synchronization priority selection order of LTE SL on their respective synchronization resources.

[bookmark: _Toc25010][bookmark: _Toc2484][bookmark: _Toc461]NR SL can use the same synchronization priority selection order as LTE SL via one of the following options:
[bookmark: _Toc26784][bookmark: _Toc25918]Option 1: For dual module device, only LTE SL module perform synchronization procedure, and NR SL module uses synchronization reference from co-located LTE module.
[bookmark: _Toc11045][bookmark: _Toc17760]Option 2: NR SL and LTE SL perform synchronization procedure according to the synchronization priority selection order of LTE SL on their respective synchronization resources.
[bookmark: _Toc102068344]
Conclusion
According to the discussion above, we provide the following observations and proposals:
Observation 1: The solution of Combination A can be reused for Combination C because there is no essential difference for NR SL mode 2 between combination A and C.
Observation 2: TDM based co-channel coexistence solutions can support all of Rel-16/17/18 NR sidelink coexistence with LTE sidelink and allows flexible subcarrier spacing configuration without causing interference and AGC issues to LTEor NR sidelink.
Observation 3: FDM based co-channel coexistence solutions can support all of Rel-16/17/18 NR sidelink coexistence with LTE sidelink, and some specification changes on NR sidelink are expected.
Observation 4: Dynamic co-channel coexistence can be support by only Rel-18 NR sidelink coexisting coexistence with LTE sidelink only.
Observation 5: FDM based co-channel coexistence and dynamic co-channel coexistence may have AGC issues due to different SCS adopted by NR SL and LTE SL, or PSFCH of NR SL.

Proposal 1: Considering the deployment scenarios, in addition to Rel-18 devices, Type C,D,E devices should be considered together.
Proposal 2: To evaluate and support semi-static co-channel coexistence for LTE sidelink and NR sidelink, Type C/D/E devices should be taken into account.
Proposal 3: To evaluate and support dynamic co-channel coexistence for LTE sidelink and NR sidelink, Type A device should be studied in high priority.
Proposal 4: From deployment perspective, all of the four mode combinations should be supported,
• Combination A : Mode 2 NR SL + Mode 4 LTE SL
• Combination B : Mode 1 NR SL + Mode 4 LTE SL
• Combination C : Mode 2 NR SL + Mode 3 LTE SL
• Combination D : Mode 1 NR SL + Mode 3 LTE SL.
Proposal 5: Combination C should has the same priority as Combination A.
Proposal 6: For combination B, the legacy mechanism in Rel-15 (sensing and reporting the sensing results to network) can be considered as starting point for NR SL mode 1 UE.
Proposal 7: To achieve complete orthogonality of NR and LTE SL resource pools in time domain, at least the following conditions need to be met for NR and LTE SL: the same time position and number of S-SSBs and synchronization signals, the same number of reserved slots, and aligned slot boundary.
Proposal 8: To avoid the AGC issues caused by different SCS, restriction should be applied to NR SL in Rel-18 that PSSCH/PSCCH shall occupy all symbols in a slot with 15kHz SCS, or multi-slot aggregation can be considered..
Proposal 9: To avoid the AGC issue caused by PSFCH, one of the following options can be considered:
• Option 1: When the slots configured for NR PSFCH resources overlap with the slots in LTE SL resource pool, no transmission or reception of NR PSFCH is performed on the NR PSFCH resources.
• Option 2: Introducing a long PSFCH format with the same number of symbols as PSCCH/PSSCH.
• Option 3: HARQ is not supported in case of dynamic co-channel coexistence.
Proposal 10: Solution C should be supported in a way that a full set of NR SL functionality defined in Rel-16/17 is supported.
Proposal 11: NR SL can use the same synchronization priority selection order as LTE SL via one of the following options:
• Option 1: For dual module device, only LTE SL module perform synchronization procedure, and NR SL module uses synchronization reference from co-located LTE module.
• Option 2: NR SL and LTE SL perform synchronization procedure according to the synchronization priority selection order of LTE SL on their respective synchronization resources.
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