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Introduction
In 3GPP TSG RAN meeting #94, a new work item related to NR Sidelink (SL) evolution was approved. The work item description was updated during RAN meeting #97 [1]. As part of the objectives of this working item (WI), that following aspects were included:
	· Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· Note, 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

Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-18 sidelink in a dedicated resource pool.



In the context of co-existence between NR SL and LTE SL, during the past RAN1 meetings [2-3] the following agreements were made: 
	RAN1 #109b:

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.

RAN1 #110:

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.



Furthermore, during last RAN meeting [1], it was agreed to prioritize discussions on dynamic resource pool sharing assuming Type A devices and operating combination A based on above agreements.
With that said, in this contribution, the following aspects related to potential mechanisms for coexistence of LTE V2X and NR V2X in co-channel scenarios will be discussed, while our view related to other Rel.18 SL aspects are provided in our companion contributions [4-6]:
· Consideration on semi-static resource partitioning
· Consideration on dynamic resource partitioning
LTE V2X and NR V2X Co-channel Coexistence 
While V2X market penetration may increase over time, both LTE V2X and NR V2X devices may need to well co-exist in co-channel scenarios. However, given that the available spectrum for V2X is quite sparce (especially in some regions), the impact that co-existence may have on both technologies may be quite detrimental and may worsen as market penetration may increase. In this sense, while 3GPP is working on introducing features such as carrier aggregation (CA), sidelink (SL) over unlicensed band and support of SL in FR2 band, which will enable higher data rate and support of larger bandwidth for non-ITS bands, for ITS band, where LTE V2X will be likely prioritized to enable basic safety V2X use cases in a relatively short term, enablement of co-channel co-existence mechanisms are necessary to minimize the mutual impact that these technologies may have on each other.  
Considerations on Semi-Static Resource Partitioning
In prior RAN1 meeting [3], it has been concluded that the TDM-based semi-static resource pool partitioning based on Rel. 16/17 specifications is one potential solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs:
	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


However, it has been left for further study to investigate whether any potential enhancements are needed for the synchronization procedure to guarantee time alignments between LTE-V and NR-V slots. It is our understanding, that when the Rel.16 in-device coexistence framework is not supported, both LTE-V and NR-V must use the same synchronization source. In this case, the understanding of time would be the same, and no inter-system inference does occur. However, it could occur that the synchronization sources between LTE-V and NR-V may be different, but this issue may only arise for corner cases, and for example when a device is moved in-an-out of certain coverage areas with related synchronization source changes. In this case, implementation-based solutions could be defined, and there is no necessity for further enhancements. 
Observation 1: 
· For co-channel coexistence in Rel.18, there is no need to define any enhancements for synchronization and the Rel.16 in-device coexistence framework is sufficient to ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe.
In addition to reaching resource orthogonality between LTE-V and NR-V via time domain partitioning using the TDM-based semi-static resource pool partitioning solution, this may also be achieved in frequency domain using an FDM-based semi-static resource pool partitioning solution, as illustrated in Figure 1.
	

Orthogonal partitioning in time domain (TDD)
	

Orthogonal partitioning in frequency domain (FDM)


[bookmark: _Ref99555634]Figure 1: Orthogonal resource partitioning schemes. 
However, for the case when LTE-V and NR-V are operated in FDM mode, several considerations need to be made to ensure that the received power over the whole channel does not change within each LTE subframe, since this could lead in many scenarios to a saturation of the A/D conversion at the LTE Rx, which causes severe performance degradation by impairing the decoding of an LTE transmission at the LTE Rx. In particular, in cases where the guard band between LTE SL and NR SL carrier may not be sufficient (as for instance in Figure 1) to avoid this issue, proper configuration, without any specification impact, may be needed, and for instance an NR SL system should be configured with 15 kHz SCS (µ=0) and no PSFCH.
Proposal 1: 
· For co-channel coexistence in Rel.18, RAN1 concludes that the FDM-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.
· NR SL resource pool is configured with only 15 kHz SCS.
· Transmission/reception of PSFCH in resources overlapping with LTE SL subframes is not permitted.
· Note: The LTE and NR resource pools do not overlap in frequency domain with each other in the FDM-based semi-static resource pool partitioning.
Considerations on Dynamic Resource Partitioning
While semi-static resource partitioning may allow orthogonal operation between LTE SL and NR SL and enable co-existence of the two technologies without any specification impact, this may introduce several drawbacks:
· Poor resource utilization: since the resources will be partitioned between LTE SL and NR SL in a semi-static manner, any dynamic changes in LTE SL or NR SL traffic that may dynamically occur over time could not be properly accommodated and may negatively affect system performance. 
· Poor spectrum utilization in case of FDM: while spectrum available for V2X, especially in ITS band, is quite sparse, due to different traffic demands over time, some of resources may remain underutilized at the benefit of other incumbent technologies, such as IEEE 802.11p.
· Higher latencies in case of TDM: due to semi-static split of the resources between LTE SL and NR SL, a device may be subject to large latencies due to inability to utilize back-to-back time domain resources. 
In order to overcome the aforementioned issues, RAN1 agreed to continue study the feasibility of dynamic co-channel co-existence mechanisms between LTE SL and NR SL that won’t necessarily require to configure orthogonally the operation between the two technologies but will dynamically enable or disable NR SL from using resources which are shared among the two, as shown in Figure 2.


[bookmark: Proposal90645]Figure 2: Resources belonging to LTE SL which could be dynamically used by NR SL. 
In this matter in prior RAN1 meetings [2-3], it was agreed to support a device containing both LTE SL and NR SL modules, where the NR SL module may use the sensing and resource reservation information shared by the LTE SL module to allow co-existence between LTE-V and NR-V:
	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.

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.



However, it was left for further study the details of the exact information to be shared. In this matter, in our view at least the following information should be shared by the LTE SL module to the NR SL module:
· Time and frequency locations of reserved LTE transmissions
· Resource reservation periods
· LTE SL RSRP and/or SL RSSI measurement reports
· Half-duplex subframes which are not monitored by the LTE SL UE.
This information may provide the full set of info needed by a type A device to retrieve the reserved or potentially reserved resources by LTE and allow the NR SL module to exclude such resources from the candidate resources for NR SL transmission.
Proposal 2: 
· For co-channel co-existence in Rel.18, in a type A device the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· Time and frequency locations of reserved LTE transmissions
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· Half-duplex subframes which are not monitored by the LTE SL UE.
Another aspect that during last RAN1 meetings [2-3] was left for further study was on how this information should be shared among modules, and whether any conditions should be defined that may trigger this event. In this matter, our view is that the timing aspect and conditions that trigger the LTE SL module to share the sensing and resource reservation information listed above to the NR SL module could be up to UE’s implementation.
Proposal 3: 
· For co-channel co-existence in Rel.18, in a type A device the timing aspects and triggering conditions of when the LTE SL module shares the sensing and resource reservation information to the NR SL module is up to UE’s implementation.
On top of the above aspects, RAN1 has also left for further study how specifically this information should be used. In this matter, at least the following should be considered for further study:
· Impact and enhancements to the NR SL sensing and resource selection procedure 
· RAN1 should study the impact of enhancing the NR SL sensing and resource selection procedure by utilizing all or some of the information retrieved from the LTE module.
· Impact and enhancements to the Rel.17 inter-UE coordination schemes  
· RAN1 should study the impact of enhancing the Rel.17 inter-UE coordination schemes with the aim to enhance co-existence between LTE SL and NR SL by utilizing all of some of the information retrieved from the LTE module.
Proposal 4: 
· When considering co-channel dynamic resource partitioning between LTE SL and NR SL, at the least the following should be further studied:
· Impact and enhancements to the NR SL sensing and resource selection procedure 
· RAN1 should study the impact of enhancing the NR SL sensing and resource selection procedure by utilizing all or some of the information retrieved from the LTE module.
· Impact and enhancements to the Rel.17 inter-UE coordination schemes  
· RAN1 should study the impact of enhancing the Rel.17 inter-UE coordination schemes with the aim to enhance co-existence between LTE SL and NR SL by utilizing all of some of the information retrieved from the LTE module.

During prior RAN1 meeting [3], it has been agreed to study the dynamic resource pool sharing by imposing some constrains on both SCS and PSFCH configuration, and the following agreements was made: 
	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.


While the above agreement imposes that the NR-V system could be configured with 15 kHz subcarrier spacing (SCS), other SCS are left for further study. Considering that in Rel.16/17 30 kHz is a mandatory SCS, if a NR SL system is only configured with 15 kHz SCS for co-channel co-existence, communication with Rel. 16/17 device may not be possible. Therefore, support of 30 kHz SCS seems to be necessary. In this case, RAN1 may study at least the impact and how to exclude for NR SL transmission all the slots overlapping with the subframes reserved for LTE transmission which may lead to AGC issues at the LTE-V UEs. 
Proposal 5: 
· For co-channel co-existence in Rel.18, NR SL should be also configured with 30 kHz SCS.
· RAN1 should at least study the impact and how to exclude slots overlapping with the set of resources reserved for LTE transmissions which may cause AGC issues at the LTE-V UEs for NR SL transmission when the NR system operates at 30 kHz SCS.
Another aspect related to the above agreement that was also left for further study is related to the case when an NR PSFCH may be configured. In this case, in order to overcome AGC issues two alternatives have been defined:
· Alt.1 is a very simple and effective solution and could be employed by simply avoiding overlaps in time domain between PSFCH transmissions and any reserved resource for LTE transmissions which could be retrieved from the LTE module.
· Alt-2 may be based on Rel.14 LTE RSSI based resource avoidance mechanism, but may lead to a larger spec impact, given that the PSFCH transmissions may be either repeated or accumulated in a contiguous burst and HARQ procedure and resource association may need to be modified accordingly. Also from a technical perspective, this alternative may lead to poor spectrum utilization, higher latencies, and even more collisions among UEs since a larger set of resources will be used for PSFCH transmissions. Furthermore, given that in Rel.14 the RSSI based resource avoidance occurs after performing the resource exclusion based on SCI reservation and RSRP measurement, through which a candidate resource is selected out of 20% of resources, and the RSSI measurements are up to implementation, this alternative may only be effective in limited scenarios. 
With that said, if RAN1 conveys to support dynamic resource pool sharing and furthermore that NR PSFCH may need to be configured for co-channel coexistence in Rel.18, Alt.1 is preferred. 
Proposal 6:  
· For co-channel co-existence in Rel.18, if RAN1 conveys to support dynamic resource pool sharing and furthermore that NR PSFCH may need to be configured, PSFCH transmission avoidance in time slots that overlap with subframes used for LTE SL transmissions could be employed (Alt.1 is preferred). 
Conclusions
In this contribution, we discussed several aspects related to coexistence between NR SL and LTE SL, and made the following proposals and observations:
Observation 1: 
· For co-channel coexistence in Rel.18, there is no need to define any enhancements for synchronization and the Rel.16 in-device coexistence framework is sufficient to ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe.

Proposal 1: 
· For co-channel coexistence in Rel.18, RAN1 concludes that the FDM-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.
· NR SL resource pool is configured with only 15 kHz SCS.
· Transmission/reception of PSFCH in resources overlapping with LTE SL subframes is not permitted.
· Note: The LTE and NR resource pools do not overlap in frequency domain with each other in the FDM-based semi-static resource pool partitioning.

Proposal 2: 
· For co-channel co-existence in Rel.18, in a type A device the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· Time and frequency locations of reserved LTE transmissions
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· Half-duplex subframes which are not monitored by the LTE SL UE.

Proposal 3: 
· For co-channel co-existence in Rel.18, in a type A device the timing aspects and triggering conditions of when the LTE SL module shares the sensing and resource reservation information to the NR SL module is up to UE’s implementation.

Proposal 4: 
· When considering co-channel dynamic resource partitioning between LTE SL and NR SL, at the least the following should be further studied:
· Impact and enhancements to the NR SL sensing and resource selection procedure 
· RAN1 should study the impact of enhancing the NR SL sensing and resource selection procedure by utilizing all or some of the information retrieved from the LTE module.
· Impact and enhancements to the Rel.17 inter-UE coordination schemes  
· RAN1 should study the impact of enhancing the Rel.17 inter-UE coordination schemes with the aim to enhance co-existence between LTE SL and NR SL by utilizing all of some of the information retrieved from the LTE module.

Proposal 5: 
· For co-channel co-existence in Rel.18, NR SL should be also configured with 30 kHz SCS.
· RAN1 should at least study the impact and how to exclude all slots overlapping with the set of resources reserved for LTE transmissions for NR SL transmission when the NR system operates at 30 kHz SCS.

Proposal 6:  
· For co-channel co-existence in Rel.18, if RAN1 conveys to support dynamic resource pool sharing and furthermore that NR PSFCH may need to be configured, PSFCH transmission avoidance in time slots that overlap with subframes used for LTE SL transmissions could be employed (Alt.1 is preferred). 
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