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Introduction
The co-channel coexistence between LTE sidelink and NR sidelink has been discussed in the past RAN1 meetings. 

In RAN #99 meeting [1], [2], the following bullet was added to the co-existence objective.

	· 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 RAN1 #112bis-e meeting [3], [4], the following agreements were made.

Agreement
In NR SL resource (re)selection procedure, for dynamic resource pool sharing, the list of initial SL RSRP thresholds is separately (pre)configured (i.e., Alt 3 in the agreement of RAN1#112 meeting) for the PHY layer of NR SL module to exclude NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE.
· FFS: whether a different initial SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH.

Agreement
In NR SL resource (re)selection procedure, for determining the LTE SL periodic reserved resources by other LTE SL UE, the formula of Q in Section 8.1.4 in TS 38.214 is used.
· FFS: whether the formula of Q in Section 14.1.1.6 in TS 36.213 is used additionally to derive the largest value between the two formulas
Note: The reservation period and the location of the LTE SL periodic reserved resources are determined based on the set of LTE SL logical subframe that may belong to LTE SL resource pool as specified in TS 36.213.

Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframe (in which UE has not monitored due to its transmission) in LTE SL module 
· For determining the LTE SL resources associated with non-monitored subframe of LTE SL module, 
· All the LTE SL resources in the non-monitored subframes are assumed to be repeatedly reserved Q times for each LTE SL resource reservation period (pre)configured in a LTE SL resource pool
· The same formula of Q for determining the LTE SL periodic reserved resources by other SL UE is used
· Note: The reservation period and the location of the LTE SL resources repeated Q times in the above procedure are determined based on the set of LTE SL logical subframe that may belong to LTE SL resource pool as specified in TS 36.213
· The PHY layer of NR SL module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether the set SA is initialized to the set of all the candidate single-slot resources excluding NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframes when the amount of candidate single-slot resources is not sufficient as specified in Step 5a 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 all NR SL candidate resources in NR SL slots that overlap with LTE SL resource pool where NR SL periodic resources are overlapping with LTE SL resources associated with non-monitored subframes of LTE SL module according to Step 5 in Section 8.1.4 of TS 38.214
· Note: The NR SL module excludes NR SL candidate resources overlapping with NR SL resources (including NR SL resource reservation period(s) (pre)configured in a NR SL resource pool) associated with non-monitored slot as specified in Section 8.1.4 of TS 38.214 (i.e., NR SL slot in which UE has not monitored due to its own transmission), which is the existing Rel-16/17 NR SL behavior
· Note: It is assumed that the information relevant to LTE SL resources associated with non-monitored subframe of LTE SL module used in the above procedure is shared from LTE SL module to NR SL module

Agreement
In NR SL resource (re)selection procedure for dynamic resource pool sharing, 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 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 SL 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 all NR SL candidate resources in a NR SL slot where NR SL periodic resources are in the 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 SL 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
· Alt 1: The above procedure is applied at least when the priority of LTE SL transmission is higher than the priority of NR SL transmission
· It is up to UE implementation whether or not to apply the above procedure when the priority of LTE SL transmission is not higher than 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

Agreement
For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
· Note: How to ensure the above condition is up to UE implementation
· FFS on whether same or different frequency allocation may be used in the second overlapping slot

Agreement
When the same TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, it is up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe according to RAN#99’s agreement for NR PSCCH/PSSCH transmissions of 30kHz SCS with dynamic resource pool sharing
· FFS: whether/how to differently handle the case when different TBs are transmitted on the NR SL slots overlapping with the LTE SL subframe and the NR SL transmission in the first overlapping NR SL slot is dropped or reselected.

Agreement
RAN1 does not pursue further enhancements except for the following to handle NR SL candidate resources overlapping with LTE PSCCH for non-adjacent LTE SL resource pool in NR SL resource (re)selection procedure for dynamic resource pool sharing in Rel-18.
· NR SL module uses LTE SL RSRP measurement results (as specified in TS 36.213) shared from LTE SL module to determine excluding NR SL candidate resources overlapping with LTE PSCCH and/or LTE PSSCH resources reserved by other LTE SL UE in NR SL resource (re)selection procedure for dynamic resource pool sharing in Rel-18.

Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Down-selection one of followings:
· Option 1: 
· 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
· The list of the above initial SL RSRP thresholds is separately (pre)configured
· FFS: whether this initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR SL 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 NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE and 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
· Option 2: 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether to apply the above procedure based on the priority of the LTE SL reserved resources and/or the priority of the NR SL transmission
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE in time domain according to Step 5 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

Agreement
The NR SL module uses the information from the starting LTE SL subframe to the ending LTE SL subframe in the shared information from the LTE SL module.
· The starting LTE SL subframe is no later than the time (n-T_start)
· n is the time where NR module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214
· Down-selection one of followings for T_start:
· Option 1-1: T_start is T_0 as defined in clause 8.1.4 of TS 38.214
· Option 1-2: T_start is 1100ms
· Option 1-3: T_start is up to UE implementation
· The ending LTE SL subframe is no earlier than the time (n-T_valid2)
· Down-selection one of followings for T_valid2:
· Option 2-1: T_valid2 is T
· Option 2-2: T_valid2 <= T+4ms
· Option 2-3: T_valid2 is up to UE implementation

In this contribution, we provide our views on dynamic resource pool sharing for co-channel coexistence for LTE sidelink and NR sidelink.
Discussion
Resource selection considering reserved resources by other LTE sidelink UEs
It was agreed that in dynamic resource pool sharing for co-channel coexistence, the list of initial sidelink RSRP thresholds for the LTE sidelink resources reserved by other LTE sidelink UE is separately (pre-)configured from the list of initial sidelink RSRP thresholds for the NR sidelink resources reserved by other NR sidelink UE. It is open whether a different initial sidelink RSRP threshold list is (pre-)configured for NR sidelink slots with PSFCH resources. 

Overall, we do not think this additional different initial sidelink RSRP threshold list is needed. First of all, the performance gain of this optimization is unclear. Secondly, it will lead to a lot of specification impact. Consider an LTE sidelink resource is reserved with a periodicity. This resource is repeated Q times using the formula of Q in Section 8.1.4 in TS 38.214. Some repetitions are in the NR sidelink slots with PSFCH resources while other repetitions are in the NR sidelink slots without PSFCH resources. Using a different initial sidelink RSRP threshold list for NR sidelink slots with PSFCH resources will lead to the inconsistent resource exclusion even if the resource is reserved from the same UE for the same TB. 

Proposal 1: In dynamic resource pool sharing for co-channel coexistence, for resources reserved by other LTE sidelink UE, the same initial sidelink RSRP threshold list is applied to NR sidelink slots with or without PSFCH resources.

It is open for resources reserved by other LTE sidelink UE, whether the formula of Q in LTE sidelink is used additionally to derive the largest value between the formula of Q in LTE sidelink and the formula of Q in NR sidelink. 

Although selecting the largest Q value may enhance the performance in some scenarios, the overall performance gain may be marginal. At the late stage of the co-channel coexistence objective, we prefer not to further optimize the design which has specification impact. 

Proposal 2: In dynamic resource pool sharing for co-channel coexistence, for resources reserved by other LTE sidelink UE, the formula of Q in Section 14.1.1.6 in TS 36.213 is not used.  


Resource selection considering non-monitored subframe of own LTE sidelink module
It was agreed that in NR sidelink resource selection procedure, the NR sidelink candidate resources overlapping with LTE sidelink resources associated with non-monitored sub-frame in LTE sidelink module are excluded. 

It is open whether the set  is initialized to the set of all the candidate single-slot resources excluding NR sidelink candidate resources overlapping with LTE sidelink resources associated with non-monitored sub-frames when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in NR sidelink resource selection procedure. 

In our view, the non-monitored subframes in LTE sidelink module should be handled in the same way as the non-monitored slots in NR sidelink module. Hence, the set  is initialized to the set of all the candidate single-slot resources including NR sidelink candidate resources overlapping with LTE sidelink resources associated with non-monitored subframes, when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in NR sidelink resource selection procedure. 

Proposal 3: In dynamic resource pool sharing for co-channel coexistence, the set  is initialized to the set of all the candidate single-slot resources including NR sidelink candidate resources overlapping with LTE sidelink resources associated with non-monitored subframes, when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in NR sidelink resource selection procedure.

Timeline of information sharing
It was agreed that for dynamic resource pool sharing, NR sidelink module is expected to use the information shared by LTE sidelink module if the information is known to the NR sidelink module at the latest  ms prior to slot  to determine a set of resources for its own (re)transmission. The value of is based on UE implementation but is upper bounded by 4 ms. 

Furthermore, it was agreed that NR sidelink module uses the information shared by the LTE sidelink module to the NR sidelink module, from the starting LTE sidelink subframe to the ending LTE sidelink subframe. The starting LTE sidelink subframe is no later than  and the ending LTE sidelink subframe is no earlier than , where  is the time when NR sidelink module triggers its resource selection procedure. This is illustrated in Figure 1. 

It is open on the value of  and the value of . In our view,  should be determined as 1100 ms, which is the largest possible sensing window of NR sidelink. If  is smaller than 1100 ms, e.g.,  is set to  or  is up to UE implementation, then it is possible that a large amount of LTE sidelink reservation information will not be used in NR sidelink resource selection procedure, leading to significant performance degrade. On the other hand,  should be upper bounded by . This achieves the balance between incorporating the latest LTE sidelink sensing results and LTE sidelink processing delay. If  is set to , then it is hard for LTE sidelink module to process LTE sidelink sensing results. If  is up to UE implementation, then it is likely that the latest LTE sidelink sensing results are not captured in the information sharing. 
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[bookmark: _Ref123803188]Figure 1: Illustration of timeline of information sharing
Proposal 4: In dynamic resource pool sharing for co-channel coexistence, the NR sidelink module uses the information shared by the LTE sidelink module to the NR sidelink module, from the starting LTE sidelink subframe to the ending LTE sidelink subframe, where 
· the starting LTE sidelink subframe is no later than , with  being 1100 ms (i.e., Option 1-2),
· the ending LTE sidelink subframe is no earlier than , with  being less than or equal to T+4 ms (i.e., Option 2-2).

PSFCH handling
The PSFCH transmission for sidelink HARQ-ACK is an important new feature in NR sidelink. This feature does not exist in LTE sidelink. In dynamic resource pool sharing for co-channel coexistence, the NR PSFCH transmission may lead to AGC issue to LTE sidelink reception. 

To address this issue, a list of potential solutions was identified in RAN1 #112 meeting. Furthermore, in RAN# 99 meeting, it was agreed that for NR sidelink with 15 or 30 kHz SCS, NR sidelink UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE sidelink reservations in time domain. This is in line with Option 1-2 in the working assumption made in RAN1 #112 meeting. 

In RAN1 #112b-e meeting, two options were identified to avoid PSFCH transmissions overlapping with LTE sidelink reserved resources in the time domain. 

In the first option, the resource exclusion depends on the RSRP measurement of LTE sidelink resource reservation. However, this RSRP measurement is performed at transmitter UE side. A receiver UE, which actually transmits PSFCH, may have a quite different RSRP measurement of the same LTE sidelink resource reservation. Hence, it is unclear whether this RSRP measurement at transmitter UE side could be used in the resource selection procedure. 

Furthermore, in the first option, the PHY layer of NR sidelink module modifies Step 6 of the resource selection procedure, which implies the exclusion of NR sidelink PSCCH/PSSCH resource is performed in per sub-channel basis. However, according to the principle of Option 1-2, the PSFCH transmissions overlapping with LTE sidelink reserved resources in the time domain should be avoided. Considering the semi-static mapping between PSSCH and PSFCH, the resource exclusion should be applicable to all sub-channels of a slot, rather than in per sub-channel basis.

In the second option, the PHY layer of NR sidelink module modifies Step 5 of the resource selection procedure, which implies the exclusion of NR sidelink PSCCH/PSSCH resource is performed in per slot basis. This is more aligned with the principle of Option 1-2. Hence, this option is preferred. 

Within the second option, it is open whether to apply the modified procedure based on the priority of LTE sidelink reserved resources and/or the priority of NR sidelink transmission. In our view, the priority of LTE sidelink reserved resources and the priority of NR sidelink transmission needs to be respected. Note that these priorities are irrelevant to RSRP measurements.

For high priority NR sidelink transmission, it is not proper to exclude all NR sidelink slots, where the corresponding PSFCH transmissions overlap in time domain with LTE sidelink reserved resources of low priority. 

Suppose there are several LTE sidelink reservations in a subframe overlapping with a potential NR PSFCH transmission. If the highest priority among these LTE sidelink reservations is higher than a threshold or is higher than the priority of NR sidelink transmission, then the procedure is conducted. Otherwise, the procedure is not conducted. 

Finally, NR sidelink PSCCH/PSSCH transmission may or may not enable sidelink HARQ-ACK feedback. For a PSCCH/PSSCH transmission without HARQ-ACK feedback, the procedure of excluding NR sidelink candidate resources in a slot whose corresponding PSFCH transmission occasion overlapping with LTE sidelink reservations does not need to be conducted at all. Here, higher layer needs to provide an additional parameter to PHY layer on whether sidelink HARQ-ACK feedback is enabled for the PSCCH/PSSCH transmission when triggering a resource selection procedure. 

Proposal 5: In dynamic resource pool sharing for co-channel coexistence, NR sidelink module excludes all the NR sidelink candidate resources in a slot, whose corresponding PSFCH transmission occasion overlaps with LTE sidelink reservations in time domain. This procedure is conducted if both of the following conditions satisfy. 
· NR sidelink PSCCH/PSSCH transmission enables sidelink HARQ-ACK feedback. 
· Higher layer provides a parameter to PHY layer on whether sidelink HARQ-ACK feedback is used for the PSCCH/PSSCH transmission. 
· The highest priority among LTE sidelink reservations on the conflicting sub-frame is higher than a (pre)configured threshold or is higher than the priority of the NR sidelink transmission. 

Conclusion
In this contribution, we provided our views on dynamic resource pool sharing for co-channel coexistence between LTE sidelink and NR sidelink. Our proposals are as follows:

Proposal 1: In dynamic resource pool sharing for co-channel coexistence, for resources reserved by other LTE sidelink UE, the same initial sidelink RSRP threshold list is applied to NR sidelink slots with or without PSFCH resources.

Proposal 2: In dynamic resource pool sharing for co-channel coexistence, for resources reserved by other LTE sidelink UE, the formula of Q in Section 14.1.1.6 in TS 36.213 is not used.  

Proposal 3: In dynamic resource pool sharing for co-channel coexistence, the set  is initialized to the set of all the candidate single-slot resources including NR sidelink candidate resources overlapping with LTE sidelink resources associated with non-monitored subframes, when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in NR sidelink resource selection procedure.

Proposal 4: In dynamic resource pool sharing for co-channel coexistence, the NR sidelink module uses the information shared by the LTE sidelink module to the NR sidelink module, from the starting LTE sidelink subframe to the ending LTE sidelink subframe, where 
· the starting LTE sidelink subframe is no later than , with  being 1100 ms (i.e., Option 1-2),
· the ending LTE sidelink subframe is no earlier than , with  being less than or equal to T+4 ms (i.e., Option 2-2).

Proposal 5: In dynamic resource pool sharing for co-channel coexistence, NR sidelink module excludes all the NR sidelink candidate resources in a slot, whose corresponding PSFCH transmission occasion overlaps with LTE sidelink reservations in time domain. This procedure is conducted if both of the following conditions satisfy. 
· NR sidelink PSCCH/PSSCH transmission enables sidelink HARQ-ACK feedback. 
· Higher layer provides a parameter to PHY layer on whether sidelink HARQ-ACK feedback is used for the PSCCH/PSSCH transmission. 
· The highest priority among LTE sidelink reservations on the conflicting sub-frame is higher than a (pre)configured threshold or is higher than the priority of the NR sidelink transmission. 
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