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1. Introduction
The NR Sidelink evaluation WID has been revised to continues the work on Type A devices and operating combination A for studying the mechanism of co-channel coexistence for LTE sidelink and NR sidelink[1].
	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



[bookmark: _Hlk101966068]In this contribution, we provide our investigation on the remaining issues in the co-channel coexistence for LTE sidelink and NR sidelink, as well as some simulation results. 

2. [bookmark: _Hlk101973845]Resource collision handling
[bookmark: _Hlk114931808]In the previous meetings, the following agreements were achieved.
	Agreement
[bookmark: _Hlk134190888]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.
· [bookmark: _Hlk134261133]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
· [bookmark: _Hlk134454646]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



· [bookmark: OLE_LINK8]RSRP Threshold List
In the last meeting, it was agreed that the list of initial SL RSRP thresholds is separately (pre)configured 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. A remaining question is whether a different initial SL RSRP threshold list may be (pre)configured for selecting single-slot resources in NR SL slots with NR PSFCH.
There are two possible configurations for the separate initial SL RSRP threshold: one is to set a stricter threshold than that for comparison between NR SL candidate resources and LTE reservations, and the other is to set a more relaxed threshold. In the first case, the single slot resources in NR SL slots with NR PSFCH are expected less likely to be selected. However, in this case, it is still possible to select other NR PSSCH resources in the same PSFCH-PSSCH association period that do not overlap with LTE reservations. The corresponding PSFCH resource will be used by the peer UE, and the AGC issue in LTE SL UE side caused by the NR PSFCH transmissions may still exist, and may be even worse. Moreover, the RSSI measurement results on the NR SL slots with NR PSFCH would be lower than other slots if NR SL slots with NR PSFCH are less likely to be used, and this may result in the LTE SL UE being more likely to select the slots with NR PSFCH. 
In the other case of configuration hypothesis where the SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is more relaxed than that for selecting other single slot resources, NR SL UE is expected more likely to select slot resources with NR PSFCH. However, as the LTE SL UE has a high possibility to select other slot resources without NR PSFCH than the slot resources with PSFCH due to the high RSSI in the later slots, the RSSI measurement in the prior slots would also increase. Consequently, the difference in the RSSI measurement results between the two types of resources is unclear and unpredictable. Thus the effect of this approach to avoid the AGC issue brought by NR PSFCH transmissions cannot be ensured. 
[bookmark: _Ref127521085][bookmark: _Ref134975471]Proposal 1: Introducing a separate initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is not necessary.
· The determination of Q
[bookmark: _Hlk134261346]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. There is a remaining issue about whether the formula of Q in Section 14.1.1.6 in TS 36.213 is used when it is larger than Q derived based on TS 38.214.. It was argued that when the Q derived from TS 36.213 is larger than that derived from TS 38.214, the extra derived locations based on the larger Q might overlap with the periodic reservations of some candidate resources in the selection window. Thus, if these candidate resources are not excluded, the resource collision between NR SL and LTE SL might occur. However, first, it should be noted that those extra LTE SL periodic reserved resources locate beyond the selection window, and any potential collisions caused by the periodic reserved resources beyond the selection window are not handled explicitly by the exclusion procedure in any specification, including both TS 36.213 and TS 38.214. Thus, it seems no need to specially consider these resources in this case, either. What’s more, NR SL can anyway avoid the potential collision with LTE reservation by NR re-evaluation/pre-emption and resource re-selection procedure.
[bookmark: _Ref134975475][bookmark: _Ref131775869]Proposal 2: The larger Q derived from the formula of Q in Section 14.1.1.6 in TS 36.213 is not used in resource allocation. 
· Non-sufficient candidate resources
[bookmark: _Hlk134452682]If the number of candidate single-slot resources remaining in the set SA is smaller than X*Mtotal, the set SA should be initialized to the set of all the candidate single-slot resources, including the NR SL candidate resources overlapping with LTE SL resources associated with the non-monitored subframe in LTE SL module. Otherwise, the requirement of X*Mtotal may not be satisfied, resulting in an infinite loop in the resource selection procedure. Consequently, the NR SL performance might be degraded seriously. Hence, the same procedure specified in Step 5a in Section 8.1.4 of TS 38.214 should be followed. 
[bookmark: _Ref131775874]Proposal 3: If the number of candidate single-slot resources remained in the set SA is smaller than X*Mtotal, the set SA should be initialized to the set of all the candidate single-slot resources.
· Timeline in resource selection
It has been agreed that 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) and the ending LTE SL subframe not earlier than the time (n-T_valid2).
In order not to avoid using outdated information from the LTE SL module, the starting time of LTE SL subframe is defined. One option is that T_start is T_0 as defined in clause 8.1.4 of TS 38.214. However, as T_0 might be defied as 100ms, candidate slots overlapped with the LTE reservation whose period is larger than 100ms wouldn’t be avoided by NR SL module. Thus the resource collision occurs and the performance of LTE SL degrades. On the other hand, as the LTE sensing window is just 1000ms, there will be no sensing results in duration about 100ms in length if the T_start equals 1100ms. There is no clear motivation to configure such a value in the case of dynamic resource pool sharing scenario. Therefore, no specified solution is needed to handle this issue. In other words, T_start can be simply up to UE implementation.
[bookmark: _Ref134975478]Proposal 4: For T_start, Option 1-3 (T_start is up to UE implementation) is supported.
In addition, T_valid2 is used to define the ending time position of the sensing window shared from the LTE SL module. To avoid the sensing window being set too small, T_valid2 should be restricted within a reasonable range. Otherwise, there would not be enough sensing results from the LTE SL module for the NR SL module to avoid resource collision with LTE SL. Considering that the timing position of the information known by the NR SL module is already defined as n-T and T<=4, T_valid2 should be a little longer than T because of the existence of transport time between the LTE SL module and NR SL module and processing time in LTE SL module. Thus, Option 2-2 (T_valid2 <= T+4ms) is preferred.
[bookmark: _Ref134975480]Proposal 5: For T_valid2, Option 2-2 (T_valid2 <= T+4ms) is supported.
3. Mix SCS
In the previous meeting, the following agreements were achieved.
	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
· [bookmark: _Hlk134974130]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.



There are two remaining issues for NR PSCCH/PSSCH transmissions of 30kHz SCS with dynamic resource pool sharing. The first one is whether same or different frequency allocation may be used in the second overlapping slot. The purpose of using the same frequency allocation in the second overlapping slot is to avoid the AGC issue caused by different overlapping part with LTE allocated resource. However, the AGC issue only happens when the overlapping part in the second overlapping slot is larger than that in the first overlapping slot. Considering the AGC range can cover the power difference within a certain range and 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 that in the second overlapping slot, it’s not necessary to restrict that the same frequency allocation is used in the second overlapping slot.
[bookmark: _Ref134975481]Proposal 6: Restricting the same frequency allocation using in the second overlapping slot is not necessary.
In addition, it is also agreed to discuss 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. In our opinion, different TBs would be selected by different SL process procedures in this case and how to address the impact between different SL process procedures in legacy is up to UE implementation. What’s more, it has been agreed that how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe is up to UE implementation in the same TB case. Thus, it’s not necessary to specifically 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.
[bookmark: _Ref134975482]Proposal 7: It’s not necessary to specifically 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.
4. PSFCH
	Agreement
· [bookmark: _Hlk134194541]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


[bookmark: _Hlk126763907][bookmark: OLE_LINK1]To avoid the interference between PSFCH transmission of NR devices and LTE transmission, in the last meeting, it has been agreed that the PHY layer of NR SL UE 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 to avoid the AGC issue caused by PSFCH transmission. 
There are two options about how to perform exclusion in resource (re-)selection procedure. The first option (Option 1) is performing the exclusion procedure in Step 6 in Section 8.1.4 of TS 38.214. When the SL RSRP value associated with the LTE SL reserved resources is higher than the separately (pre)configured SL RSRP threshold, NR SL module excludes the NR SL candidate resources where the corresponding PSFCH transmission occasions overlapped with these LTE SL reserved resources. The advantage of this option is that the degradation on the performance of NR SL transmission could smaller and the impact of PSFCH transmission on LTE transmission could be minimized via a suitable RSRP threshold configuration of resource exclusion. 
Another option (Option 2) is applying the exclusion procedure in Step 5 in Section 8.1.4 of TS 38.214. Thus, as long as the LTE SL reserved resources is overlapping with PSFCH transmission occasions, the corresponding NR SL candidate resources are simply excluded. By this way, the AGC issue in LTE SL caused by PSFCH transmission may be solved more thoroughly in Option 2. However, the performance of NR SL degrades seriously as there might be no enough resources to be selected for NR SL transmission. Moreover, if the number of candidate resources remaining in SA is smaller than X*Mtotal, SA would be initialized to the set of all the candidate resources. Consequently, the claimed benefits of eliminating the AGC issue on LTE SL is gone, i.e., because the NR SL UE may rather not be able to avoid the collision between the PSFCH transmission and LTE SL reservation. In addition, if applying the above procedure based on the priority of the LTE SL reserved resources and/or the priority of the NR SL transmission, the LTE SL reservations with low priority won’t be avoided by NR transmissions with higher priority. Without the comparison of RSRP, this type of LTE transmission would always be affected and may be affected heavily by the AGC issue compared to Option 1. This is not desirable for LTE SL transmission. 
The PRR performance of the abovementioned options are evaluated. The simulation results are provided in Figure 1 and Figure 2. The general simulation parameters can be found in Annex A.
	[image: ]
[bookmark: _Ref131790692]Figure 1: Comparison of Average PRR of LTE-UE
	[image: ]
[bookmark: _Ref131790702]Figure 2: Comparison of Average PRR of NR-UE


It can be observed that the average PRR of the Option 1 achieves about 3% ~ 5% performance gain in NR RAT compared with Option 2, while the performance loss in LTE RAT is negligible.
[bookmark: _Ref131789708]Observation 1: There is an obvious gain in Alt 2 compared with Alt 1.
[bookmark: _Ref131775895][bookmark: _Hlk118363592]Proposal 8: To exclude NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Option 1 (NR SL UE perform resource exclusion in Step 6 in Section 8.1.4 of TS 38.214) is preferred.
5. S-SSB Transmission
In both LTE SL and NR SL, the resource pool is determined by excluding the synchronization signal resources. However, the design of the synchronization signal in LTE SL and NR SL is different, thus, there might be a collision between the synchronization signal of one RAT and the PSSCH transmission of the other RAT. Thus, the resource pool configuration would be required to ensure that the synchronization signal resources of both RATs are excluded from the resource pools.
[bookmark: _Ref111143352][bookmark: _Ref101990745]Observation 2: The design of the synchronization signal is different between LTE SL and NR SL, so there might be a collision between the synchronization signal of one RAT and PSSCH transmission of the other RAT. 
[bookmark: _Ref111224686]Proposal 9: For NR SL with dynamic resource pool sharing, UE does not expect to be (pre)configured such that overlapping in time domain between LTE SLSS/PSBCH and NR SL resource pool and overlapping in time domain between NR S-SSB and LTE SL resource pool are present.
6. Conclusion
This contribution discusses the co-channel coexistence for LTE sidelink and NR sidelink, with the following observations and proposals:
Observation 1: There is an obvious gain in Alt 2 compared with Alt 1.
Observation 2: The design of the synchronization signal is different between LTE SL and NR SL, so there might be a collision between the synchronization signal of one RAT and PSSCH transmission of the other RAT.
Proposal 1: Introducing a separate initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH is not necessary.
Proposal 2: The larger Q derived from the formula of Q in Section 14.1.1.6 in TS 36.213 is not used in resource allocation.
Proposal 3: If the number of candidate single-slot resources remained in the set SA is smaller than X*Mtotal, the set SA should be initialized to the set of all the candidate single-slot resources.
Proposal 4: For T_start, Option 1-3 (T_start is up to UE implementation) is supported.
Proposal 5: For T_valid2, Option 2-2 (T_valid2 <= T+4ms) is supported.
Proposal 6: Restricting the same frequency allocation using in the second overlapping slot is not necessary.
Proposal 7: It’s not necessary to specifically 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.
Proposal 8: To exclude NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Option 1 (NR SL UE perform resource exclusion in Step 6 in Section 8.1.4 of TS 38.214) is preferred.
Proposal 9: For NR SL with dynamic resource pool sharing, UE does not expect to be (pre)configured such that overlapping in time domain between LTE SLSS/PSBCH and NR SL resource pool and overlapping in time domain between NR S-SSB and LTE SL resource pool are present.
Reference
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Annex A
Table 1 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	Link type
	V2V

	UE type
	NR UE : LTE UE = 1:1, the number of each type of UE is 150

	PSFCH period
	4 slots

	Communication type
	Broadcast in LTE module, unicast in NR module

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Traffic parameter for LTE and NR
	Traffic type: Periodic traffic
Packet arrival interval of periodic traffic: 100ms
Packet latency requirement of periodic traffic: 100ms
Packet size of periodic traffic: 800 or 1200byte

	Power model
	Follow TR 38.840 with modifications discussed in [2]

	Max transmission time
	Twice for LTE and six times for NR

	TX power
	23dBm
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