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1. Introduction
At the RAN1#112bis-e meeting [1], there was discussion on co-channel coexistence of LTE-SL and NR-SL. In this contribution, we share our further views on co-channel coexistence of LTE-SL and NR-SL.

2. Discussion
2.1. Resource exclusion in DRPS
Regarding the resource exclusion of NR SL module in DRPS (dynamic resource pool sharing), there are three possible types of resource exclusion based on LTE information, such as based on (1) LTE reservation information transmitted by other LTE UEs, (2) LTE non-monitored slots and (3) its own LTE transmissions. We discuss the details of remaining issues on (1) and (2) below. In our understanding, there is no remaining issue regarding (3).
2.1.1. Based on other LTE UEs’ LTE reservation
2.1.1.1. SL RSRP threshold list
We discussed the details of SL RSRP threshold list for NR SL module to use the LTE SL reservation information in dynamic sharing resource pool. The following agreement was made in the previous meeting.
	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


Regarding different handling for PSFCH slots, the mechanism for LTE SL UE to avoid selecting the PSFCH slots in DRPS would be beneficial in some cases. There are some simulation results clearly showing balanced good performance between LTE and NR to use LTE resource selection mechanism based on LTE SL-RSSI, and so some kind of mechanism related to that concept should be adopted. Adopting the different threshold list for PSFCH slots would be less specification impact and easily compatible with the concept of resource exclusion based on LTE reservation and NR PSFCH. In our understanding, it has not been shown by any simulation results that introducing only NR avoidance of the collision between NR PSFCH and LTE transmission leads good system performance. If RAN1 concludes to preclude an option to encourage the use of the LTE SL-RSSI ranking mechanism, the whole system must be shown to work effectively without it.
To address some concerns that such kind of operation is over-optimization, it can be considered that the same RSRP threshold without additional (pre-)configuration is default behavior and also if (pre-)configured, the parameter format is simpler than a full set of RSRP thresholds per priority-pair. In our view, it would be enough that only a single offset from the existing threshold list is (pre-)configured for threshold list referenced for LTE RSRP in NR PSFCH slots. In other words, RSRP threshold used for resource exclusion based on LTE reservations is determined by the existing RSRP threshold and the (pre-)configured offset. What is to be achieved by this mechanism is to have different RSRP threshold for PSFCH-slot, thus we do not see any reason to have different offset among priority-pairs. 

Proposal 1:  
· As default, a common list of initial SL RSRP thresholds is configured for selecting single slot resources in NR SL slots both with and without NR PSFCH.
· Additionally, a new single offset parameter can be (pre-)configured.
· A list of initial RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is determined by adding the offset parameter to the common list.

2.1.1.2. The Q value
On 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 following agreement was made in the previous meeting.
	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.


The motivation to introduce the formula of Q in LTE is that the value of Q by the LTE formula may be larger than the value of Q by the NR formula in some cases. In this case, NR resource selection cannot consider the periodic reserved LTE transmissions outside of NR selection window that can collide with its periodic NR transmissions. In our view, NR re-evaluation procedure is enough to solve the collision and the formula of Q in LTE is not needed in DRPS. The disadvantage of the re-evaluation would be that it may not satisfy the latency requirements especially for low latency NR transmissions with the narrower selection window. However, NR transmissions with low latency requirement are aperiodic, and so the LTE reserved resources outside the NR selection window do not collide with NR transmission.

Proposal 2:  
· The formula of Q in TS 36.213 is not used in NR SL resource (re-)selection procedure for determining the LTE SL periodic reserved resources by other LTE SL UE.

2.1.2. Based on LTE non-monitored slots
The following agreement on resource exclusion based on LTE non-monitored slots was made in the previous meeting.
	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


The remaining issue is whether or when the exclusion of LTE non-monitored slots can be canceled if there are few remaining resources for DRPS. In the existing specifications, while LTE resource exclusion based on LTE non-monitored slots is not canceled even if there are insufficient resources, NR resource exclusion can be canceled. 
According to our analysis, the reason of the above difference between LTE spec and NR spec would be that NR transmissions may have variety of shorter periodicities for periodic TXs and more stringent latency requirement mainly for aperiodic TXs. Considering the possibility of the variety and shorten of NR periodicity, the exclusion of non-monitored slots possibly causes insufficient resources to use. And also, NR transmission with stringent latency requirements needs a narrower selection window, and it possibly causes insufficient resources to use. Those factors leaded to introduce in NR resources selection procedure the step to cancel the exclusion of NR non-monitored slots. 
In that sense, for DRPS, from the LTE reservation perspective, it is expected that unnecessary exclusions are less likely to be performed for LTE non-monitored slots compared to NR non-monitored slots, thus the cancelation for LTE non-monitored slots should be performed as less as possible. At the same time, from the NR resource selection perspective, some mechanism to exit the potential infinite loop is necessary for resource selection to satisfy the stringent latency requirement, thus the cancelation for LTE non-monitored slots has to be performed eventually if there are insufficient remaining resources even after the cancelation for NR non-monitored slots.

Proposal 3:  
· After the exclusion of non-monitored slots for both LTE and NR module in step 5, 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,.
· As a new step in step 5b, after step 5a and the SA initialization based on non-monitored LTE subframes (if applied), the set SA is initialized to the set of all the candidate single-slot resources as in step 4 when the amount of candidate single-slot resources is not sufficient as Step 5a. 


2.2. Sharing timeline
	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 the previous meetings, major companies seemed to agree on the direction to define some kind of time-related restriction to ensure valid LTE information. We also support defining the upper bound of LTE processing time and the delay on the interface between NR and LTE. Otherwise, Rel.18 UEs in DRPS may fail to properly allocate resources to avoid interfering with LTE transmission.
Referring to the agreement in RAN1#110bis-e and #111, for the resource selection at slot n, the below behaviors are expected
· NR module must process LTE information and perform NR resource selection within T ms.
· LTE module must provide LTE information by slot n – T ms.
With only the above agreement, there is a possibility that LTE information may be extremely outdated or have little information, so some restrictions are needed on timeline of LTE information, without leaving it to UE implementation. 
For the starting LTE SL subframe, T_0 in NR (pre-)configuration may be much lower value (i.e., 100 ms) regardless of the LTE reservation interval. If T_0 is expected to be always configured as 1100 ms in DRPS, it leads to forcing unnecessary sensing on the NR SL UEs. In contrast, LTE module is expected to usually sense LTE reservations with the much larger window even in DRPS. Given the situation we support Option 1-2.
For the ending LTE SL subframe, for the LTE module to share LTE information with the NR module by slot “n – T”, the ending LTE subframe is determined considering the LTE processing delay and sharing delay between LTE and NR module. Ideally, the ending LTE subframe would be “n – T” (Option2-1). However, if "LTE processing delay + sharing delay" + "NR processing delay = T < Tmax=4ms" cannot be within Tmax from an implementation perspective, Option 2-2 can be acceptable. 

Proposal 4:  
· Support option 1-2 and either of option 2-1 or option 2-2 for sharing timeline.

2.3. [bookmark: _Hlk118112851]PSFCH transmission handling
	[bookmark: _Hlk111033609]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


The remaining issues about PSFCH handling are whether LTE RSRP should be considered to exclude the reserved LTE resources for avoiding the collision with PSFCH transmission and whether to apply the exclusion only to subset of PSFCH slots or all PSFCH slots.
For the former issue, we believe some condition other than priority should be introduced. If whether to transmit NR PSSCH is determined only by the priority comparison, the shortage of NR resources would occur when NR priority is lower than LTE priority. Regarding the RSRP decision, it may certainly not be appropriate in some cases to refer to the LTE RSRP to determine whether the NR RX UE transmission (PSFCH) causes interference on LTE transmission since the NR TX UE decides whether to transmit. However, there is no other good choice, and hence we have to adopt exclusion based on RSRP. In addition, this direction allows RX side to make the final decision as discussed below, while Option 2 does not allow it.
Unfortunately, although the option that RX SL UE avoids the collision between PSFCH and LTE transmissions are precluded in RAN#99 [2], it is clearly appropriate for RX SL UE to make the final decision as to whether its PSFCH transmission causes interference on LTE reserved resources, referring its LTE RSRP. Therefore, if possible, it is desirable to adopt some mechanism that RX SL UE notifies TX SL UE the collision between PSFCH and LTE transmission e.g., by Inter-UE coordination scheme 2.

Proposal 5:  
· Support Option 1, and if possible, with the following modifications
· RX SL UE notifies TX SL UE the collision between its NR PSFCH transmission and LTE transmission when the SL RSRP value associated with the LTE SL reserved resources is higher than a (pre-)configured SL RSRP threshold.
· FFS: how to notify the collision (e.g., Inter-UE coordination scheme 2)
· TX SL UE considers the notification of the collision to use NR resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain.

Regarding whether to apply only to subset of PSFCH slots, not all PSFCH slots, we believe it is beneficial because it would have the similar effect as “introducing longer period PSFCH slots”, which was shown to be effective but was precluded in RAN#99 [2]. 

Proposal 6:  
· The initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources for Option 1. 

2.4. Higher Subcarrier spacing handling
In RAN#99, it is agreed that NR SL in MAC layer selects at least the first slot overlapping with an LTE subframe to avoid AGC issue in LTE SL by using NR resources with 30kHz SCS in dynamic sharing resource pool [2]. 
	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.


Depending on channel conditions and amplifier characteristics, power may differ slightly at different frequency allocations, but they are so slight and can be ignored.
Proposal 7:  
· The subsequent overlapping slot can use a different frequency allocation than the first overlapping slot.
 
In our view, handling different TBs in a subsequent slot should not be left to UE implementation when a transmission in the first slot with 30kHz SCS is dropped or moved to another slot. An important reason to differently handle the case of same TB is that one main benefit of supporting 30kHz SCS is availability of a subsequent slot mainly for different TB from that of first slot. 
In the current agreement, it is fully up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe, and it is not mentioned that the case where the transmissions in the firsts slot is dropped or reselected. As a result, this agreement would allow UE implementation that leads to the situation where UE never uses subsequent slots and then the usefulness of 30kHz SCS are almost lost.
For the case of same TB, when HARQ feedback is enabled, blind ReTX cannot be transmitted in subsequent (consecutive) slot, so the usage of a subsequent slot is not typical for same TB, and the behavior can be up to UE implementation as in the agreement.
On the other hands, since the case of different TB is a typical and main motivation to support 30kHz SCS, it is essential to specify the behavior when the transmission in the first NR SL slot is dropped or the resources of that are (re-)selected, not leaving it up to UE implementation. 

Proposal 8:  
· When the different TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, if the transmission in the first NR SL slot is dropped or the resources of that are (re-)selected, the transmission in the subsequent NR SL slots is dropped or the resources of that are (re-)selected respectively.

3. Conclusion
In this contribution, we discussed co-channel coexistence of LTE-SL and NR-SL. Observations/Proposals are summarized as following: 

Proposal 1:  
· As default, a common list of initial SL RSRP thresholds is configured for selecting single slot resources in NR SL slots both with and without NR PSFCH.
· Additionally, a new single offset parameter can be (pre-)configured.
· A list of initial RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is determined by adding the offset parameter to the common list.
Proposal 2:  
· The formula of Q in TS 36.213 is not used in NR SL resource (re-)selection procedure for determining the LTE SL periodic reserved resources by other LTE SL UE.
Proposal 3:  
· After the exclusion of non-monitored slots for both LTE and NR module in step 5, 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,.
· As a new step in step 5b, after step 5a and the SA initialization based on non-monitored LTE subframes (if applied), the set SA is initialized to the set of all the candidate single-slot resources as in step 4 when the amount of candidate single-slot resources is not sufficient as Step 5a. 
Proposal 4:  
· Support option 1-2 and either of option 2-1 or option 2-2 for sharing timeline.
Proposal 5:  
· Support Option 1, and if possible, with the following modifications
· RX SL UE notifies TX SL UE the collision between its NR PSFCH transmission and LTE transmission when the SL RSRP value associated with the LTE SL reserved resources is higher than a (pre-)configured SL RSRP threshold.
· FFS: how to notify the collision (e.g., Inter-UE coordination scheme 2)
· TX SL UE considers the notification of the collision to use NR resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain.
Proposal 6:  
· The initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources for Option 1. 
Proposal 7:  
· The subsequent overlapping slot can use a different frequency allocation than the first overlapping slot.
Proposal 8:  
· When the different TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, if the transmission in the first NR SL slot is dropped or the resources of that are (re-)selected, the transmission in the subsequent NR SL slots is dropped or the resources of that are (re-)selected respectively.
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