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Introduction
A work item on NR sidelink evolution was approved in RAN#94e meeting [1], with one of the objectives to “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”, by “reusing the in-device coexistence framework defined in Rel-16 as much as possible”.
In this document, we share our views on a few aspects of co-channel coexistence for LTE sidelink and NR sidelink.
Discussion
Dynamic co-existence solution
Use of candidate information shared by SL LTE module
Agreements regarding how NR SL module uses shared information from the LTE SL module to exclude resources from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer were reached as below. 
	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.
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 sharingAlt 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 
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




Regarding how to determine candidate resource set for NR SL considering the LTE SL reserved resources by other LTE SL UE, option 1 with RSRP based resource exclusion is adopted. One FFS point is how to determine initial SL RSRP threshold for resource exclusion. The following factors should be taken into consideration in determining initial SL RSRP threshold for resource exclusion. Firstly, LTE SL-RSRP is measurement of PSSCH-RSRP, while NR SL-RSRP is a (pre-)configurable measurement of either PSSCH-RSRP or PSCCH-RSRP. Secondly, as in the revised WID [2] approved in RAN#99 meeting, 30 kHz SCSs is support for dynamic resource pool sharing which leads to co-channel coexistence with different SCSs for LTE SL and NR SL. With these consideration, either use NR SL RSRP list or LTE SL RSRP threshold list to exclude NR candidate resource overlapping with LTE SL reserved resource may be not suitable. NR SL RSRP threshold list (pre)configured in a NR SL resource pool should be dedicated to excluding NR SL candidate resources overlapping with NR SL resourced resources, while LTE SL RSRP threshold list (pre)configured in a LTE SL resource pool should be dedicated to excluding LTE SL candidate resources overlapping with LTE SL resourced resources. Alt 3 with separately (pre)configured for dynamic resource pool sharing is a more flexible alternative than Alt 1 and Alt 2, which can provide a more suitable RSRP threshold list to adapt to different combinations of the LTE SL resource pool and NR SL resource pool. 
Proposal 1: In NR SL resource (re)selection procedure for dynamic resource pool sharing, following Alt.3 is used as a list of the initial SL RSRP threshold to determine candidate resource set for NR SL considering the LTE SL reserved resources by other LTE SL UE.
· Alt 3: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing.
Regarding whether the formula for the repeated Q times of LTE SL periodic reserved resources is in format of LTE SL or NR SL, as the conversion from physical slots (subframes) to logical is different between LTE SL and NR SL, to use the formula of LTE SL, i.e. 14.1.1.6 of TS36.213 with certain updates of parameters is necessary for NR SL module to exclude the same resources with the LTE SL module. Specifically, for determining the periodic LTE SL reserved resources, NR SL module may refer to Step 6) in 14.1.1.6 of TS36.213 with parameters replaced by NR SL RSW (i.e. ‘1’ replaced by ‘’). The formula of Q can be as follows,
·  if  and ; Otherwise, .
Proposal 2: For determining the periodic LTE SL reserved resources, the formula of Q repeated times refer to the corresponding one in Step 6) in 14.1.1.6 of TS36.213 with certain parameters updated, e.g.  if  and ; Otherwise, .
Regarding 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, there are two options agreed for down-selection. With option 1, for time and frequency locations of resources used for its own LTE SL transmission, if the resources are within the RSW, NR SL module can exclude them when performing the resource (re)selection procedure for NR SL transmission. The benefit is to ensure NR SL transmission to not block its own LTE SL transmission such that both NR SL transmission and LTE SL transmission can have opportunities to be transmitted in TDM. Option 2 is to allow NR SL candidate resources to overlap with LTE SL resource. And when overlapping occurs, UE has to select one transmission. As a result, UE may need to trigger resource reselection procedure when NR SL transmission, especially for NR aperiodic traffic, is blocked. Therefore, option 1 should be supported for 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. 
Proposal 3: In NR SL resource (re)selection procedure for dynamic resource pool sharing, option 1 is supported 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 subframes used for its own LTE SL transmission within the monitoring window (i.e. half-duplex subframes), since the candidate resources corresponding to half-duplex subframes may already be reserved by other LTE UE(s), LTE SL module excludes all the corresponding candidate resources within the RSW in step 5) of clause 14.1.1.6 of TS36.213. Therefore, to not negatively impact potential LTE transmission, similar exclusion procedure of NR SL module can be performed at step 5) of clause 8.1.4 of TS38.214.
Proposal 4: In NR SL resource (re)selection procedure for dynamic resource pool sharing, the NR SL module excludes NR SL candidate resources overlapping with non-monitored subframe of LTE SL module.
· The exclusion procedure can be performed at step 5) of clause 8.1.4 of TS38.214.

PSFCH overlapping with LTE SL transmissions
It leads to AGC issue when PSFCH transmission overlaps with the LTE transmission. Solutions around how to handle PSFCH transmission overlapping with LTE SL transmission has been discussed and lasted for several RAN1 meetings. In last RAN 1 meeting, the following working assumption was made. 
	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


In addition, according to revised WID [2] approved in RAN#99 meeting as below, option 1-2 in above working assumption is supported for dynamic resource pool sharing and other options are not needed to be considered. 
	· 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.


For the option 1-2, there is an FFS regarding whether/how to define condition(s) of selecting NR SL candidate resources for NR SL PSCCH/PSSCH. The intention of the FFS seems to allow NR SL UE can select NR SL candidate resources for PSSCH transmission where its corresponding PSFCH transmission occasions overlap with LTE SL reservations if some defined conditions are fulfilled, e.g., the interference level is low. The concern lies in that if always avoiding selecting NR SL candidate resources where its corresponding PSFCH transmission occasions overlap with LTE SL reservations, the NR SL candidate resources may be not sufficient and, as a result, candidate resources suffering from high interference would be selected for PSSCH transmission. 
However, in our view, using interference level as a criteria to allow to select some candidate resources may not work well. Firstly, interference level between PSSCH transmitting UE and LTE SL transmission may not correctly reflect interference level between the PSFCH transmitting UE and LTE SL transmission. There is the case that the PSFCH transmitting UE can be close to LTE UE with LTE SL transmission. Furthermore, there may be multiple NR SL UEs to transmit PSFCHs in same PSFCH occasions such that the overall interference would become severe. Generally, LTE SL transmission is more related to basic road safety services, which should not be negatively impacted as much as possible.
Therefore, in our view, it is not necessary to define condition(s) of selecting NR SL candidate resources for NR SL PSCCH/PSSCH. Always avoiding NR SL candidate resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations is a straightforward way to solve the AGC issue. 

Proposal 5: Confirm the working assumption with the following updates:
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
· NR SL UE avoids selecting NR SL candidate resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· 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

Conclusion
In this contribution, we discuss a few aspects relating to co-channel coexistence for LTE sidelink and NR sidelink, and make the following observation and proposals.
Proposal 1: In NR SL resource (re)selection procedure for dynamic resource pool sharing, following Alt.3 is used as a list of the initial SL RSRP threshold to determine candidate resource set for NR SL considering the LTE SL reserved resources by other LTE SL UE.
· Alt 3: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing.
Proposal 2: For determining the periodic LTE SL reserved resources, the formula of Q repeated times refer to the corresponding one in Step 6) in 14.1.1.6 of TS36.213 with certain parameters updated, e.g.  if  and ; Otherwise, .

Proposal 3: In NR SL resource (re)selection procedure for dynamic resource pool sharing, option 1 is supported 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 

Proposal 4: In NR SL resource (re)selection procedure for dynamic resource pool sharing, the NR SL module excludes NR SL candidate resources overlapping with non-monitored subframe of LTE SL module.
· The exclusion procedure can be performed at step 5) of clause 8.1.4 of TS38.214.

Proposal 5: Confirm the working assumption with the following updates:
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
· NR SL UE avoids selecting NR SL candidate resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· 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
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