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Introduction
R18 SL evolution WI was approved in RAN plenary #94 and one of the objectives is to study and specify solutions for co-channel coexistence between LTE and NR sidelink [1]. The progress was evaluated in RAN Plenary #97e and for the objective of co-channel coexistence, it was agreed to continue the work on dynamic resource pool sharing with high priority for Type A devices and operating combination A [2]. 
The following is concluded or agreed in RAN1 #110bis-e meeting [3]. 
	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE

Agreement
For dynamic resource pool sharing, the NR SL module uses the information shared by the LTE SL module to the NR SL module to determine the set of resources for its own transmission.
· FFS: which layer carries out the resource determination: PHY layer or MAC layer.

Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives

Agreement
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed



In this contribution, we continue discussing our views on dynamic resource pool sharing solutions.  
Discussion
Dynamic resource pool sharing between LTE and NR SL
NR SL resource selection using LTE SL resource coordination information
It is desirable that a dynamic resource pool sharing solution addresses both in-air and in-device and collision issues in co-channel coexistence. An in-air collision is a collision between LTE and NR SL transmissions by different UEs while an in-device collision is a collision between LTE and NR SL transmission or reception within a UE. Both issues are due to a lack of resource coordination between LTE and NR SL operation.
For R16 not-co-channel existence, as indicated in TS 38.213, a UE determines whether a LTE SL and NR SL transmission or reception overlap T ms prior to the start of the earliest transmission. If there is an overlap, the UE will perform a prioritization based on priority and drop one of the transmission/reception. Thus, for a type A UE with both LTE and NR SL modules, R16 LTE SL resource coordination information (i.e. LTE transmission) is available after the NR SL resource is selected and before the transmission occurs in the selected resource. To improve the coordination to enable co-channel coexistence, we think LTE SL resource coordination information sharing between LTE and NR SL can be initiated when a NR SL module is triggered to perform NR SL (re)resource selection for transmission of a NR SL TB.
Proposal 1: LTE SL module sharing of LTE SL resource coordination information is initiated when a NR SL resource (re)selection is triggered.
The content of the LTE resource coordination information shared by the LTE SL module was discussed at RAN1 #110bis-e meeting and an extensive list of candidate information (below) are proposed for further down-selection.  
	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE


In our view, a number of the proposed LTE SL resource parameters (listed below) are raw sensing input information to a LTE SL resource selection obtained within a (pre)configured sensing window.
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· SL RSSI measurements
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
Within the sensing window, the LTE SL module performs SCI decoding and SL measurement to obtain the information. As input to a LTE SL sensing procedure, the information is expected to be available whenever a LTE SL sensing procedure is triggered. Thus, it can be presumed that a LTE SL module can store and update the information continuously. 
When a SL LTE resource information sharing is initiated, the information can be readily transferred to a co-located NR SL module. Since the transferred information is the raw sensing input, it is up to the NR SL module to apply them to its own resource selection e.g., in the steps of candidate resource exclusion. Note NR SL resource selection does not apply RSSI measurement and thus LTE SL RSSI measurement may not be necessary. 
On the other hand, the parameter listed below is the sensing output information of a LTE SL resource selection procedure. In addition to the raw input parameter, another set of input parameters pertaining to the NR SL TB, e.g., priority, RSW and reservation period are required and can be conceivably provided by the NR SL module when the SL LTE resource information sharing is initiate.  
· Candidate resource set SA or SB
We think the down-selection of the parameters is related to the discussion of the two alternatives listed in the RAN1 #110bis-e agreement below. As indicated, it is strived to decide between the two alternatives at RAN1 111 meeting. Alt. 1 is associated with all the raw sensing input parameters discussed above and Alt. 2 with the LTE SL sensing output information as discussed above. 


	Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives


In order to apply the LTE SL raw sensing input information in Alt. 1 and interpret the LTE SL sensing output information for Alt. 2, a NR SL module may need to perform the following processing:
· Determine the indexes of NR SL logical slots corresponding to a LTE SL sub-frame indicated by a LTE SL logical sub-frame index based on LTE logical channel related information e.g., the LTE SLSS location and bitmap values. 
· Identify the indexes of RBs in the NR resource pool corresponding to RBs indicated by a LTE SL sub-channel index based on e.g., the sub-channel and RB configuration of the LTE SL resource pool.  
· Exclude reserved LTE and NR SL resource based on the same type of SL RSRP. Since a LTE SL RSRP (PSSCH-RSRP) is only measured on PSSCH DMRS, a NR SL RSRP can be (pre)configured for a resource pool on PSSCH and not on PSCCH. 
For Alt. 2, however, there are additional issues. For example, LTE SL module does not support certain NR SL reservation intervals and also the MAC level intersection may lead to insufficient resources. Thus, we prefer to study Alt. 1 further and identify the mechanisms for the processing discussed above.
Proposal 2: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)(Alt.1) 
Proposal 3: The candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters: 
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
· LTE SL sub-channel configuration
The aforementioned NR SL resource selection of PSSCH/PSCCH transmission can also take into account a corresponding PSFCH transmission. It was agreed in RAN1 #110 meeting to consider the following constraints for dynamic co-channel coexistence solutions to limit the scope of the study of dynamic co-channel sharing solutions. 
	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.



NR SL performance can be affected if NR PSFCH resource is not (pre)configured or limited due to co-channel coexistence. In our view, a NR SL resource selection using LTE SL sensing and reservation coordination information can avoid PSFCH transmission in a NR slot overlapping with LTE SL transmissions. For example, a NR SL module in a UE transmitting PSSCH can exclude resource in RSW that may result in a PSFCH occasion in an overlapping resource that is not within indicated Set A. The PSFCH occasion can be determined by the selected PSSCH/PSCCH transmission resource and the (pre)configured PSFCH periodicity in the NR SL resource pool.   
It can occur that a UE transmitting PSSCH and the UE transmitting the corresponding PSFCH may not have the same LTE SL resource reservation coordination information, because there is a hidden node or the UE transmitting PSSCH is not aware of LTE transmissions and/or receptions of the UE transmitting PSFCH. This can be avoided by UE transmitting PSFCH provides LTE resource coordination information using IUC framework. Alternatively, UE transmitting PSFCH can perform prioritization of transmission per R16 baseline.
Therefore, we prefer to focus on Alt 1 and further study mechanism in NR SL resource selection to avoid PSFCH transmission collision with LTE transmission. 
Proposal 4: Introduce mechanism in NR SL resource selection to exclude a resource for PSSCH/PSCCH transmission that will result in a PSFCH occasion overlapping with reserved LTE transmission or reception.    
In addition, the dynamic resource pool sharing solution based on NR SL resource selection using LTE SL coordination information can conceivably resolve SCS difference issue by considering a mapping between single-sub-frame LTE SL resource and one or more sing-slot NR SL resource(s). As it is preferred to maintain high SCS NR SL operation in co-channel coexistence to achieve better performance, further related study can be beneficial.   
Proposal 5: Study mechanism to support higher SCS in NR SL resource selection using LTE SL coordination information.  
[bookmark: _Hlk20816046]Overlapping resource enable/disable based on LTE SL activity estimate
Dynamic resource pool sharing based on NR SL resource selection can take into account availability information of individual resource for per-TB NR SL resource selection to enable reliable co-channel coexistence. However, the benefit is at the expense of increased processing load and time, which can depend on UE capability. Thus, it is also beneficial to study a coarse dynamic resource pool sharing scheme considering all overlapping resources between NR SL and LTE SL resource pools as a whole. In other words, the use of the overlapping resources for NR SL operation is either all or none of them.  
One option is to determine the availability of all overlapping resources as a group. For example, the availability can be based on an estimated LTE SL activity within the overlapping resources and/or within the LTE SL resource pool. When the activity estimate is high, these resources can be considered not available, i.e., disabled for NR SL resource selection. When the activity estimate becomes low, these resources can be included again for NR SL resource selection, i.e., enabled. The activity estimate can use existing LTE SL channel congestion measurement (e.g., CBR) and/or energy measurement (e.g., RSSI). It is also important to update such an estimate on a regular basis so the use of the overlapping resources for NR SL transmissions can adapt to the LTE SL activity within those resources. 
Proposal 6: Study enable/disable the use of overlapping resources in a NR SL resource pool based on an estimate of the LTE SL activities in those resources.
Conclusion
In this contribution, we provided our views on the potential solutions for co-channel coexistence. Our proposals are as follows:
Proposal 1: LTE SL module sharing of LTE SL resource coordination information is initiated when a NR SL resource (re)selection is triggered.
Proposal 2: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)(Alt.1) 
Proposal 3: The candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters: 
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
· LTE SL sub-channel configuration
Proposal 4: Study mechanism to support higher SCS in NR SL resource selection using LTE SL coordination information.  
Proposal 5: Study the latency aspect of the information exchange over the interface between NR SL and LTE SL module within a UE.
Proposal 6: Study enable/disable the use of overlapping resources in a NR SL resource pool based on an estimate of the LTE SL activities in those resources.
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