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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]. In RAN1 #112 meeting, after extensive discussion, the following is agreed and concluded [3]. 
	Agreement
In NR SL resource (re)selection procedure, option 1 is adopted for how to determine candidate resource set for NR SL considering the LTE SL reserved resources by other LTE SL UE 
· Option 1: The PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE when the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission
· For the list of the above initial SL RSRP threshold, down-select one of followings:
· Alt 1: NR SL RSRP threshold list (pre)configured in a NR SL resource pool
· Alt 2: LTE SL RSRP threshold list (pre)configured in a LTE SL resource pool
· Alt 3: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing
· Alt 4: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing
· A different SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH
· For the LTE SL periodic reserved resources by other LTE SL UE, 
· For determining the above LTE SL reserved resources, the time-and-frequency resources of LTE SL reserved resources by other LTE SL UE are repeated Q times according to the LTE SL resource reservation period
· FFS details including at least whether the formula of Q in Section 14.1.1.6 in TS 36.213 or the formula of Q in Section 8.1.4 in TS 38.214 is used 
· The PHY layer of NR module applies the above procedure in Step 6 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of which NR SL periodic resources are overlapping with LTE SL reserved resources by other LTE SL UE when the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold according to condition c in Step 6 in Section 8.1.4 of TS 38.214
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module
· FFS whether/how LTE SL RSRP is applied 
Working assumption
· For dynamic resource pool sharing, select one option between 1-1 and 1-2, and select one option between 3-1 and 4-1-a, and define how the two selected options can be used in the operation:
· Option 1-1: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is performed by the UE transmitting PSFCH
· FFS whether/how to define condition(s) under which the UE transmitting PSFCH drops its PSFCH transmission overlapping with the LTE SL resources reserved for LTE SL transmission
· Option 1-2: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is ensured by the UE transmitting PSSCH
· FFS whether/how to define condition(s) of selecting NR SL candidate resources for NR SL PSCCH/PSSCH
· Option 3-1: Additional PSFCH periodicity(ies) is introduced
· Alt 3-1-a: 10 logical slots
· Alt 3-1-b: 8 logical slots
· Alt 3-1-c: 5 logical slots
· FFS: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration
· Option 4-1: PSFCH resources and LTE SL resources are TDMed
· Alt 4-1-a: PSFCH resources is confined within the guard symbol of the LTE SL subframe in the time domain
· Note: selecting a single option is not precluded
Agreement
In NR SL resource (re)selection procedure, down-select one of followings for how to determine candidate resource set for NR SL considering the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission
· Option 1: The PHY layer of NR SL module excludes NR SL candidate resources in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission 
· For the LTE SL periodic resources selected to be used for LTE SL module’s own LTE SL transmission, 
· For determining the above LTE SL selected resources, the time-and-frequency resources of LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission are repeated according to the LTE SL resource reservation period and LTE SL resource reselection count
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of which NR SL periodic resources are in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission according to Step 5 in Section 8.1.4 of TS 38.214
· Note: When the PHY layer of NR module cancels the above procedure according to Step 5a in Section 8.1.4 of TS 38.214, UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule
· FFS: whether the above procedure is applied based on the priority of LTE SL transmission and the priority of NR SL transmission
· Note: It is assumed that the information relevant to LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission used in the above procedure is shared from LTE SL module to NR SL module
· Option 2: The PHY layer of NR SL module determines NR SL candidate resources regardless of whether the NR SL candidate resources are in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission
· UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule



In RAN plenary #99, a Way Forward was agreed including the guidance for Co-channel coexistence objective as indicated below [4]. Also, RAN1 is tasked to complete the discussion of the objective by June 2023.     
	Solution guidance in order to minimize WG efforts to support 15/30kHz SCSs for NR SL with dynamic pool sharing in Rel-18.
· RAN1 is tasked to support only 15 and 30 kHz SCSs for dynamic resource pool sharing. Existing RAN1 agreements for dynamic resource pool sharing apply to support of 30 kHz.
· For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
· No change to the R16/17 resource allocation procedure in PHY due to this restriction
· The existing SL slot structure from Rel-16 is unchanged
· The starting symbol of the first of the overlapping NR SL slots is assumed to be aligned with the first symbol of the LTE SL subframe
· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.
· Mode 2 operation only



In this contribution, we discuss remaining details on dynamic resource pool sharing solutions.  
Discussion
NR SL resource selection using LTE SL resource reservation information
LTE SL resource reservation 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 reservation 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 reservation 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 reservation information is initiated when a NR SL resource (re)selection is triggered.
The content of the LTE resource reservation 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 for ranking and thus LTE SL RSSI measurement may not be necessary. 
Proposal 2: 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
Resource selection considering other UEs’ LTE SL resource reservation
The following was agreed in RAN1 #111 meeting regarding NR SL module performing exclusion of resources based on the information shared by LTE SL module from its own candidate resource set. 
	Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.



In order to interpret the LTE SL resource reservation information correctly for the exclusion, a NR SL module can 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 the LTE SL SS resource configuration and resource pool 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 the sub-channel configuration (i.e. number of RB per sub-channel) of the LTE SL resource pool.  
· Exclude reserved LTE and NR SL resources based on the same type of SL RSRP, i.e. PSSCH RSRP. A LTE SL RSRP is only measured on PSSCH DMRS, i.e. PSSCH RSRP and a NR SL RSRP can be (pre)configured to measure on PSSCH in a resource pool. 
In TS 38.214 clause 8.1.4, the exclusion specified in Step 6) is based on a received SCI format 1-A including resource reservation using NR SL logical slot and sub-channel (pre)configured for the NR SL resource pool. To incorporate LTE SL resource reservation information into Step 6), one option is using a hypothetical SCI format 1-A as used in Step 5) for exclusion of non-monitor slots. An extra step can be added before Step 6) to determine a hypothetical SCI format 1-A in a NR slot which overlaps with a reserved LTE sub-frame. The hypothetical SCI format 1-A can include the NR SL slot(s) and sub-channel(s) indicated in the LTE resource reservation in the sub-frame. Also, the RSRP measurement of the LTE SL resource reservation shared by the LTE SL module can apply to the hypothetical SCI format 1-A. 
Proposal 3: Consider a step before Step 6) in clause 8.1.4 to determine a hypothetical SCI format 1-A for a NR slot overlapping with a shared LTE resource reservation.
Resource selection considering LTE SL SS configuration
In addition, the sub-frames configured for LTE SL synchronization signal transmissions should be excluded. Since they are not included in LTE SL resource pool and thus not in the resource reservation information shared by the LTE S module, the NR SL module can perform this exclusion based on the LTE SL SS resource (pre)configuration.  
Proposal 4: The NR SL module excludes resources overlapping with (pre)configured LTE SL SS resources. 
Resource selection considering the LTE SL module’s own LTE SL transmission
To mitigate in-device collision with the LTE SL module’s own LTE SL transmission, the following was agreed in RAN1 #112 meeting.
	Agreement
In NR SL resource (re)selection procedure, down-select one of followings for how to determine candidate resource set for NR SL considering the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission
· Option 1: The PHY layer of NR SL module excludes NR SL candidate resources in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission 
· For the LTE SL periodic resources selected to be used for LTE SL module’s own LTE SL transmission, 
· For determining the above LTE SL selected resources, the time-and-frequency resources of LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission are repeated according to the LTE SL resource reservation period and LTE SL resource reselection count
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of which NR SL periodic resources are in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission according to Step 5 in Section 8.1.4 of TS 38.214
· Note: When the PHY layer of NR module cancels the above procedure according to Step 5a in Section 8.1.4 of TS 38.214, UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule
· FFS: whether the above procedure is applied based on the priority of LTE SL transmission and the priority of NR SL transmission
· Note: It is assumed that the information relevant to LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission used in the above procedure is shared from LTE SL module to NR SL module
· Option 2: The PHY layer of NR SL module determines NR SL candidate resources regardless of whether the NR SL candidate resources are in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission
· UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule


In our view, Option 2 based on R16 in-device NR and LTE SL prioritization and will result in dropped TBs, especially when the overlapping NR and LTE SL resource reservations are semi-persistent. It is thus beneficial for NR SL system performance to avoid TB dropping by excluding the LTE SL resource(s) reserved for the UE’s own LTE SL transmission in the NR SL resource selection procedure.  
Proposal 5: Support Option 1 to exclude the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission in NR SL resource selection.
Resource selection considering PSFCH transmission
The aforementioned NR SL resource selection of PSSCH/PSCCH transmission can also take into account the resource implicitly reserved for a corresponding PSFCH transmission. Multiple options were agreed in RAN1 #112 meeting to be studied further to avoid PSFCH impact in coexistence. 
	Working assumption
· For dynamic resource pool sharing, select one option between 1-1 and 1-2, and select one option between 3-1 and 4-1-a, and define how the two selected options can be used in the operation:
· Option 1-1: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is performed by the UE transmitting PSFCH
· FFS whether/how to define condition(s) under which the UE transmitting PSFCH drops its PSFCH transmission overlapping with the LTE SL resources reserved for LTE SL transmission
· Option 1-2: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is ensured by the UE transmitting PSSCH
· FFS whether/how to define condition(s) of selecting NR SL candidate resources for NR SL PSCCH/PSSCH
· Option 3-1: Additional PSFCH periodicity(ies) is introduced
· Alt 3-1-a: 10 logical slots
· Alt 3-1-b: 8 logical slots
· Alt 3-1-c: 5 logical slots
· FFS: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration
· Option 4-1: PSFCH resources and LTE SL resources are TDMed
· Alt 4-1-a: PSFCH resources is confined within the guard symbol of the LTE SL subframe in the time domain
· Note: selecting a single option is not precluded



To progress with this topic, it was instructed by RAN plenary #99 [3] that Option 1-2 should be applied and no other options from the working assumption need to be considered. Thus, we propose to follow RAN plenary instruction and confirm Option 1-2 stated in the RAN1 #112 working assumption. 
Proposal 6: Confirm Option 1-2 in WA: For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain. 
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 reservation information is initiated when a NR SL resource (re)selection is triggered.
Proposal 2: 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 3: Consider a step before Step 6) in clause 8.1.4 to determine a hypothetical SCI format 1-A for a NR slot overlapping with a shared LTE resource reservation.
Proposal 4: The NR SL module excludes resources overlapping with (pre)configured LTE SL SS resources. 
Proposal 5: Support Option 1 to exclude the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission in NR SL resource selection.
Proposal 6: Confirm Option 1-2 in WA: For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain. 
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