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Introduction
The WID on NR SL evolution was revised in RAN#99 with the following updates highlighted in yellow for the co-channel coexistence objective in [1]:
· 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
· 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
According to the above RAN guidance in yellow highlight on co-channel coexistence, we continue to discuss the remaining details of dynamic resource pool sharing in this paper.
[bookmark: _Hlk100248997]Discussion
Resource exclusion performed by NR SL module for co-channel coexistence
In the last meeting (i.e., RAN1#112), the resource exclusion performed by NR SL module based on the shared information from LTE SL module was extensively discussed. Generally, the discussion can be divided into three branches:
· Resource exclusion based on the decoded SCIs of LTE SL.
· Resource exclusion associated with own LTE SL transmissions.
· Resource exclusion related to half-duplex (non-monitored) LTE subframes.
As a fundamental feature for dynamic resource pool sharing in co-channel coexistence, NR SL module performs resource exclusion based on the decoded SCIs of LTE SL to achieve the full utilization of all available radio resources and avoid resource collisions between LTE and NR-based SL transmissions. The following agreement was reached for this point in the last meeting.
	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 


The above agreement describes the framework of resource exclusion in the NR SL module considering LTE SL reserved resources while there are still some remaining issues need to be addressed. First of all, four alternatives were proposed for SL RSRP threshold which is used to judge whether the corresponding NR SL candidate resource should be excluded or not. In our view, the SL RSRP threshold in dynamic resource pool sharing is determined according to the priority of LTE SL transmissions and the priority of its own NR SL transmission, which is different with the legacy SL RSRP threshold of both LTE and NR SL. Thus, we propose to configure a separate SL RSRP threshold list for dynamic resource pool sharing (i.e., above Alt 3) as it provides the most flexible approach. If needed, this SL RSRP threshold list can be configured to be the same as the NR or LTE SL RSRP threshold list, or it can be a new list, hence the flexibility. Also, the separate SL RSRP threshold list can be included in the RP configuration of NR SL module. As for Alt 4, we do not see a strong motivation to set a different SL RSRP threshold for candidate resources located in the slots with PSFCH resources. 
[bookmark: _Hlk131441452]Proposal 1: SL RSRP threshold list used for the resource exclusion based on the reserved resources of LTE SL is separately (pre-)configured for dynamic resource pool sharing as part of NR SL resource pool configuration, since this is the most flexible approach.



Another open issue is how to determine the periodic reserved resources of other LTE SL UEs. As can be observed in the above agreement, the time-and-frequency resources reserved by other LTE SL UEs are repeated Q times according to the LTE SL resource reservation period. In mode 4 RA of LTE SL, the resource reservation period is converted to a number of logical subframes based on  and then applied within the set of logical subframes (i.e.,  ), where  denotes the subframes that may belong to LTE SL resource pool in TS 36.213. In our understanding, the same conversion for resource reservation period of LTE SL should be performed by NR SL module such that the periodically reserved resources of LTE SL can be determined accurately. For the Q formula, our initial thinking is to reuse the Q formula of LTE SL. However, the  corresponds to 100ms not  in LTE SL. Hence, there is a risk that only the candidate resources located within [n, n+100ms] are excluded based on the reserved resources of LTE SL when  is much larger than 100ms in NR SL module. Considering that the purpose is to exclude candidate resources of NR SL module, we suggest to use the Q formula in section 8.1.4 of TS 38.214.

[bookmark: _Hlk131697618][bookmark: _Hlk131697756]Proposal 2: The resource reservation period of LTE SL should be converted to the number of logical subframes and then applied within the set of logical subframes (i.e., ) by NR SL module.
· 

 denotes the subframes that may belong to LTE SL resource pool in TS 36.213 and it is assumed that  is known by NR SL module.
Proposal 3: The Q formula in section 8.1.4 of TS 38.214 is used to determine periodically reserved resources of other LTE SL UEs.
[bookmark: _Hlk131006474]The in-device coexistence between LTE SL and NR SL in different frequency channels was discussed and specified in Rel-16. And it was mainly handled by dropping the transmission of LTE or NR SL based on priority comparison, which may cause a performance loss to the RAT with lower priority. In this co-channel coexistence work, the solution to avoid intra-UE collision between LTE and NR-based SL transmissions has also been discussed with the following agreement.
	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 the above Option 1, NR SL module excludes all candidate resources in a NR SL slot overlapping with a LTE SL resource selected for own LTE SL transmission. On the other hand, the Option 2 reuses the design of Rel-16 in-device coexistence. As we mentioned before, the Option 2 will result in a performance loss to the RAT with lower priority. The preferred approach is to avoid in-device collision in advance instead of dropping transmissions. Therefore, we support the above Option 1. On the basis of Option 1, we further propose that candidate resources of a NR SL slot are excluded only when the priority of LTE SL transmission is higher than the priority of NR SL transmission.
Proposal 4: For in-device collision between LTE and NR SL transmissions, adopt Option 1 from the agreement in RAN1#112.
· NR SL candidate resources in a slot are excluded only when the priority of LTE SL transmission is higher than the priority of NR SL transmission.

As for resource exclusion related to the half-duplex (non-monitored) LTE SL subframes, we think it is similar to current step 5 of mode 2 RA and should be supported to avoid potential collision between LTE and NR SL transmissions. More specifically, NR SL module should exclude a candidate resource directly when the candidate resource or the periodic resources corresponding to the candidate resource overlap with the resources associated with non-monitored subframe of LTE SL module. For the resources associated with a non-monitored LTE SL subframe, all of the subchannels in the non-monitored subframe are assumed to be repeated for Q times according to the resource reservation periodicities (pre-)configured for the LTE SL resource pool. Based on the analysis above, the value Q should be calculated according to the Q formula in section 8.1.4 of TS 38.214, and the resource reservation periodicities of the LTE SL should be converted to the number of logical subframes and applied within . Furthermore, it is also important for the NR SL module to address the issue of excessive exclusion/infinite loop due to the non-monitored LTE SL subframes. For example, similar method like current step 5a) in section 8.1.4 of TS 38.214 can be considered.
Proposal 5: NR SL module excludes a candidate resource when the candidate resource or the periodic resources corresponding to the candidate resource overlap with the resources associated with non-monitored subframes of the LTE SL module.
· For the resources associated with a non-monitored subframe,
· All of the subchannels in the non-monitored subframe are assumed to be repeated for Q times according to the resource reservation periodicities (pre-)configured for the LTE SL resource pool.
· The Q formula in section 8.1.4 of TS 38.214 is to be used.
· 
The resource reservation periodicities of LTE SL should be converted to the number of logical subframes and applied within .
· The same method in the current step 5a) in section 8.1.4 of TS 38.214 should be considered for the issue of infinite loop.
[bookmark: _Hlk131428414]In the current specification, the resource exclusion procedure in physical layer is common to initial selection, re-evaluation and pre-emption checking. Hence, when NR SL module performs resource exclusion based on the reserved resources of other LTE SL UEs, the resources associated with non-monitored LTE SL subframes or the selected resources for own LTE SL transmissions, it is better to clarify whether one or more of the above resource exclusion behaviors will trigger resource re-selection during re-evaluation and/or pre-emption checking or not. From our perspective, all of the resource exclusions for dynamic resource pool sharing should trigger resource re-selection in re-evaluation checking while only the resource exclusion according to the reserved resources of other LTE SL UEs can trigger resource re-selection in pre-emption checking.
Proposal 6: For re-evaluation and pre-emption checking in NR SL module,
· All of the resource exclusions for dynamic resource pool sharing should trigger resource re-selection in re-evaluation checking.
· Only the resource exclusion due to reserved resources of other LTE SL UEs should trigger resource re-selection in pre-emption checking.
AGC issue in dynamic resource pool sharing
In the last RAN plenary meeting (RAN#99), it was agreed to support the SCS of 30kHz in co-channel coexistence and the solution to address the AGC issue caused by higher SCSs was also approved.
	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


As can be observed from the above, NR SL UE selects at least the first of NR SL slots overlapping with an LTE SL subframe such that LTE SL UE is able to perform AGC training at the beginning of the LTE SL subframe. However, there is no guarantee that the corresponding reserved resources in the non-initial periods are the first of NR SL slots overlapping with an LTE SL subframe in the case of multi-shot transmissions. In the current specification, NR SL UE selects transmission resources of the initial period first and then reserves corresponding resources in the following periods based on the resource reservation interval in multi-shot transmissions. Thus, the corresponding reserved resources in the non-initial periods may be the second of NR SL slots overlapping with an LTE SL subframe although UE selects the first of NR SL slots during the initial period. This is mainly due to the conversion from resource reservation period to logical slot (i.e., ) and the non-contiguous resource pool in physical time. One possible solution is to trigger resource re-selection when the above case occurs, but it will cause the overbooking issue and is not aligned with the intention of semi-static transmissions. Therefore, we suggest that it can be up to UE implementation to trigger resource re-selection when the reserved resource in the non-initial period is the second of NR SL slots overlapping with an LTE SL subframe and the first slot is not occupied by the UE.
Observation 1: There is no guarantee that the corresponding reserved resources in the non-initial periods are the first of NR SL slots overlapping with an LTE SL subframe in the case of multi-shot transmissions.
Proposal 7: It can be up to UE implementation to trigger resource re-selection when the reserved resource in the non-initial period is the second of NR SL slots overlapping with an LTE SL subframe and the first slot is not occupied by the UE.
During the last RAN plenary meeting, the Option 1-2 in the working assumption of RAN1#112 was selected to solve the AGC issue due to PSFCH transmission.
	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.


In our understanding, the Option 1-2 can be achieved during resource exclusion in physical layer or resource selection in MAC layer. If it is to be implemented in physical layer, SL RSRP of the LTE SL reservation should be taken into consideration during the resource exclusion and the reported candidate resource set shall satisfy X of total candidate resources whose corresponding PSFCH resources are not overlapped with an LTE SL reservation in the time domain. Therefore, we propose that NR SL UE excludes a candidate resource when the corresponding PSFCH resource overlaps with LTE SL reservation in the time domain and SL RSRP of the LTE SL reservation is higher than a (pre-)configured SL RSRP threshold. In addition, the SL RSRP threshold list used for the resource exclusion procedure based on the reserved resources of LTE SL can be reused here.
Proposal 8: NR SL UE excludes a candidate resource when the corresponding PSFCH resource overlaps with an LTE SL reservation in the time domain and SL RSRP of the LTE SL reservation is higher than a (pre-)configured SL RSRP threshold.
· Reuse the SL RSRP threshold list separately (pre-)configured for dynamic resource pool sharing.

Conclusion
In this contribution, we discussed the remaining details of dynamic resource pool sharing in co-channel coexistence, we have the following observations and proposals:
Observation 1: There is no guarantee that the corresponding reserved resources in the non-initial periods are the first of NR SL slots overlapping with an LTE SL subframe in the case of multi-shot transmissions.
Proposal 1: SL RSRP threshold list used for the resource exclusion based on the reserved resources of LTE SL is separately (pre-)configured for dynamic resource pool sharing as part of NR SL resource pool configuration, since this is the most flexible approach.

Proposal 2: The resource reservation period of LTE SL should be converted to the number of logical subframes and then applied within the set of logical subframes (i.e., ) by NR SL module.
· 

 denotes the subframes that may belong to LTE SL resource pool in TS 36.213 and it is assumed that  is known by NR SL module.
Proposal 3: The Q formula in section 8.1.4 of TS 38.214 is used to determine periodically reserved resources of other LTE SL UEs.
Proposal 4: For in-device collision between LTE and NR SL transmissions, adopt Option 1 from the agreement in RAN1#112.
· NR SL candidate resources in a slot are excluded only when the priority of LTE SL transmission is higher than the priority of NR SL transmission.
Proposal 5: NR SL module excludes a candidate resource when the candidate resource or the periodic resources corresponding to the candidate resource overlap with the resources associated with non-monitored subframes of the LTE SL module.
· For the resources associated with a non-monitored subframe,
· All of the subchannels in the non-monitored subframe are assumed to be repeated for Q times according to the resource reservation periodicities (pre-)configured for the LTE SL resource pool.
· The Q formula in section 8.1.4 of TS 38.214 is to be used.
· 
The resource reservation periodicities of LTE SL should be converted to the number of logical subframes and applied within .
· The same method in the current step 5a) in section 8.1.4 of TS 38.214 should be considered for the issue of infinite loop.
Proposal 6: For re-evaluation and pre-emption checking in NR SL module,
· All of the resource exclusions for dynamic resource pool sharing should trigger resource re-selection in re-evaluation checking.
· Only the resource exclusion due to reserved resources of other LTE SL UEs should trigger resource re-selection in pre-emption checking.
Proposal 7: It can be up to UE implementation to trigger resource re-selection when the reserved resource in the non-initial period is the second of NR SL slots overlapping with an LTE SL subframe and the first slot is not occupied by the UE.
Proposal 8: NR SL UE excludes a candidate resource when the corresponding PSFCH resource overlaps with an LTE SL reservation in the time domain and SL RSRP of the LTE SL reservation is higher than a (pre-)configured SL RSRP threshold.
· Reuse the SL RSRP threshold list separately (pre-)configured for dynamic resource pool sharing.
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