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Introduction
The WID on NR SL evolution was revised in RAN#97-e with the following objective[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
According to the above RAN guidance in yellow highlight on co-channel coexistence, we continue to discuss the details of dynamic resource pool sharing and provide the corresponding system level simulation result in this paper.
[bookmark: _Hlk100248997]Discussion
1.1 [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Dynamic resource pool sharing
The main motivation to study the dynamic resource pool sharing is full utilization of all available radio resources allocated to either LTE or NR-based SL communications while transmission collisions can be largely avoided. And this advantage has been justified by the simulation result provided in section 2.2 especially in the urban scenario. In Figure 3, it can be observed that the semi-static partitioning will bring the performance loss for one of RATs compared with dynamic sharing method in the congested urban scenario. The performance loss is mainly due to the high congestion in the resource pool configured for one RAT but underutilization for the other RAT in semi-static case. In the last few meetings, it was already agreed that the feasibility of dynamic resource sharing as possible solutions for co-channel coexistence is to be studied. Therefore, we propose to support the dynamic resource sharing in this release considering its benefits and performance gains. 
Proposal 1: Dynamic resource pool sharing between LTE SL and NR SL should be supported.
Based on the updated objective of co-channel coexistence, type A devices with dual modules ought to be considered with higher priority in dynamic resource sharing mechanism. For type A devices, LTE module will share sensing and resource reservation information to NR module. During the last meeting (RAN1#110bis-e), the following agreements for the shared information from LTE module to NR module was achieved:
	Agreement
[bookmark: _Hlk118296754]For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· [bookmark: _Hlk118295826]Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE


In our view, there is no doubt that the time and frequency location of reserved resources, priority and resource reservation period based on decoded SCI of LTE SL as well as the associated RSRP measurement result belong to the information shared by LTE module. Correspondingly, NR module utilizes the shared information for resource exclusion in PHY layer during the Mode 2 resource selection procedure. 





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.,  ).  denotes the subframes that may belong to LTE SL resource pool in TS 36.213. Hence, LTE logical subframe related information also needs to be shared to NR module such that NR module is able to determine the periodic resources reserved by LTE SCI. More specifically, the LTE logical subframe related information refers to the set of  or the parameters used to determine , such as the subframes corresponding to LTE SLSS and the reserved subframes of LTE SL.
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 preferred approach is to avoid in-device collision instead of dropping transmissions. For instance, LTE module forwards the selected SL grant(s) to NR module such that NR module can exclude candidate resources overlapping with the SL grant(s) in time domain. Therefore, we suggest that the time and frequency locations of resources used for own LTE SL transmissions together with the corresponding priority and resource reservation period should be shared by LTE module to NR module as well.
As for the resources corresponding to half-duplex subframes which are not monitored by LTE SL module, we think it can be a candidate information shared to NR module and NR module may use it during the resource exclusion in Mode 2. However, it is important for NR module to address the issue of excessive exclusion/infinite loop due to the non-monitored subframes. For example, similar method like current step 5a) in section 8.1.4 of TS 38.214 can be considered.
Proposal 2: For dynamic resource pool sharing, the sensing and resource reservation information shared by LTE SL module to NR SL module includes at least the following parameters:
· Time and frequency location of reserved resources by other LTE SL UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCIs and for own LTE SL transmissions
· Priority based on decoded SCIs and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by LTE SL module
Another open issue is how the NR module utilizes the sensing and resource reservation information from LTE module. During the last meeting, two alternatives were proposed as below:
	Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives


From our perspective, the shared information should be used during resource exclusion in physical layer of NR module because physical layer can guarantee that the candidate resource set SA contains a sufficient number of resources after excluding the resources occupied by LTE SL. Therefore, we think the above Alt 1 is a more reasonable solution. 
As for Alt 2, we are doubtful about its feasibility. 
· First, the resource reservation period in NR SL can be any value from 1ms to 99ms which is not supported in LTE SL. Also, LTE module always assumes periodic transmissions, hence, the supported reservation periodicity starts from 20ms. However, aperiodic transmissions are supported in NR V2X.
· In addition, as we mentioned in the above, the resource reservation period ought to be converted to the number of logical subframes/slots and then applied within the set of logical subframes/slots in both LTE and NR SL according to current specification. Therefore, even for the periodicity like 100ms which is supported by LTE SL, it is still impossible for LTE module to determine the periodic resources used for the own transmissions of NR module due to different formulas are used during the conversion from physical time to logical subframes/slots and the different definitions of logical subframes/slots in LTE and NR SL. For example, 100ms is equal to A logical subframes based on the formula in TS 36.213 but it is equal to B logical slots according to the formula in TS 38.214. As a result, LTE module and NR module will have different understanding about the time location of periodic transmission resources for NR SL module. Obviously, the generated set A or set B by LTE SL module is not suitable for NR SL module in this case.
· Furthermore, the supported sizes of  used in NR V2X are also different to LTE V2X. The sizeSubchannel RRC parameter in LTE V2X ranges from 4..100.
· The minimum and maximum number of sub-channels which may be used for transmissions on PSSCH ranges from 1..27 in NR V2X. In LTE V2X, the supported number of sub-channels ranges only from 1..20.
· [bookmark: _GoBack]Different sets of RSRP thresholds are used between LTE and NR V2X can create biased / uneven resource exclusion results. That is, a candidate resource that was excluded in the LTE module may not be excluded in the NR module. Two separate resource exclusion processes with different sets of RSRP thresholds will result in biased / uneven resource exclusion results.
· Moreover, only 20% of the remaining candidate resources is needed for the initial and retransmission of a TB in LTE V2X. However, up to 50% can be used in NR V2X to account for a maximum of 32 (re)transmissions of a TB. Therefore, the remining number of candidate resources may not be always sufficient for the resource selection in the NR module.
Proposal 3: The sensing and resource reservation information shared by LTE module is used in physical layer of NR module as part of resource exclusion process.
From the perspective of NR module, it may use the shared information from LTE module during initial (re-)selection, re-evaluation and pre-emption checking. In current specification, the resource exclusion procedure in physical layer is common to initial selection, re-evaluation and pre-emption checking. Hence, if the shared information from LTE module is applied for resource exclusion in the physical layer of NR module, it is natural that it should be reused for re-evaluation and pre-emption as well. For example, the shared information is utilized to perform re-evaluation and/or pre-emption checking by NR module and trigger resource re-selection for corresponding resources. 
Proposal 4: NR module ought to use the shared sensing and resource reservation information from LTE module for initial selection, re-evaluation and pre-emption checking.
As can be observed in the yellow highlights of the agreement below, two alternatives were proposed and extensively discussed during the last few meetings in order to address the AGC issue caused by PSFCH transmission of NR SL.
	Agreement
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.



In alternative 1, NR SL UE tries to avoid performing PSFCH transmission in the slots which may be occupied by LTE SL UE. More specifically, NR SL UE may drop PSFCH transmission or exclude PSSCH resource during resource exclusion when the corresponding PSFCH overlaps with the resources reserved by LTE SL UE in time domain. In our understanding, alternative 1 has a large impact on the HARQ procedure in NR SL, which will lead to the degradation of reliability. For HARQ feedback option 1 (i.e., NACK-Only), if RX UE drops PSFCH transmission due to the collision with LTE SL, TX UE will think the data transmission has been decoded successfully and then doesn’t perform retransmissions anymore. For HARQ feedback option 2 (i.e., ACK-or-NACK), the PSFCH dropping will cause more retransmissions and congestion level increases in this way. Furthermore, even if no LTE transmission / reservation is detected by the LTE module in a subframe that overlaps with NR PSFCH slot, it does not guarantee that the transmission of PSFCH by the NR module will not cause interference / collision to LTE transmissions due to both hidden node issue and initial transmissions of LTE SL which may not be reserved/indicated in advanced.
Observation 1: For the AGC issue due to PSFCH transmissions of NR SL, alternative 1 will lead to a significant impact on HARQ feedbacks procedure, especially for groupcast option 1 (i.e., NACK-only based feedback).
Observation 2: For the AGC issue due to PSFCH transmissions of NR SL, alternative 1 doesn’t guarantee that the transmission of PSFCH will not cause interference to LTE SL transmission.

The original intention of alternative 2 is that NR SL UE uses a set of periodic PSFCH resources for PSSCH/PSCCH transmissions such that LTE SL UEs will avoid using time overlapping resources based on RSSI detection. In LTE mode 4, RSSI is detected within the subframes that may belong to LTE SL resource pool (i.e.,  in TS 36.213). However, PSFCH period is configured in NR SL resource pool. That is, PSFCH resources are located within the slots that belong to NR SL resource pool (i.e., in TS 38.214). Therefore, although RSSI detection period could be the multiples of PSFCH period, they work periodically in different sets of logical subframes/slots. In our view, the periodic relationship between PSFCH resources and RSSI detection must be guaranteed in alternative 2, otherwise it cannot work. One potential solution is to align the subframes that may belong to LTE SL resource pool and the slots of NR SL resource pool. Another way is to define the periodic PSFCH resources of NR SL within the set of logical subframes for LTE SL.
Observation 3: RSSI is detected within the subframes that may belong to LTE SL resource pool but PSFCH resources are configured within the slots of NR SL resource pool.
In the meanwhile, the AGC issue caused by higher SCSs was discussed in the last meeting as well. However, there was no appropriate method to address this issue. According to the guidance from RAN plenary, RAN1 continues the work on dynamic resource pool sharing based on existing agreements. Since higher SCS has not been agreed yet, we think we should continue to study dynamic resource sharing with the SCS of 15kHz only.
Proposal 5: RAN1 continues to study dynamic resource pool sharing with the SCS of 15kHz only.
From the discussion and analysis in the above, the different definitions of logical subframes/slots in LTE and NR SL are mentioned for several times and it is related to the shared information by LTE SL module, resource exclusion of NR SL module and the solution to address the AGC issue. It should be noted that all of UE behaviors for LTE SL mode 4 operate in the set of logical subframes rather than physical time and it is the same for NR SL mode 2. If we do not attach importance to the issue of logical subframes/slots during the design phase, the selected solution for dynamic resource pool sharing may not be feasible in the end from the perspective of current specification even for the SCS of 15kHz.
Observation 4: The definition for the set of logical subframes in LTE SL mode 4 is different from the definition for the set of logical slots in NR SL mode 2.
1.2 System level simulation result
In this section, we provide the system level simulation results of both LTE and NR V2X UE deployed in the same frequency channel to evaluate the performance of reliability when different collision avoidance mechanisms (i.e., dynamic sharing of resources and semi-static partitioning) are used. As for the dynamic sharing mechanism, LTE and NR UE are configured with overlapped resource pool and NR UE can active avoid the collision with LTE UE based on the sensing result of LTE module. It should be noted that the LTE module of NR UE is only used for SCI collection and RSRP measurement in our simulation, so there is no overcrowding issue. For semi-static partitioning, the TDM resource pools are configured for LTE and NR UE. In our simulation, three typical scenarios are simulated and the corresponding simulation results are shown in Figure 1 to Figure 3, respectively. Furthermore, other simulation assumptions can be found in the appendix. 
Scenario 1：NR UE with periodic traffic + LTE UE with periodic traffic + Freeway layout 
Scenario 2：NR UE with aperiodic traffic + LTE UE with periodic traffic + Freeway layout
Scenario 3：NR UE with periodic traffic + LTE UE with periodic traffic + Urban layout
Figure 1 and Figure 2 illustrate the PRR of LTE and NR UE in scenario 1 and scenario 2, it is observed that there is no much difference for the performance of LTE UE or NR UE when dynamic sharing mechanism and semi-static approach are simulated. This is mainly because a relatively small number of UEs in freeway and the ratio of the slots included in NR resource pool to the subframes included in LTE resource pool is set according to the traffic of NR and LTE UE. It should be noted that the around 2% performance loss for the semi-static case of NR UE in scenario 2 is mainly due to the mismatch between the aperiodic traffic of NR UE and the periodic configured TDM resource pool.
Observation 5: There is no much difference for the PRR of LTE UE or NR UE when dynamic sharing and semi-static configuration are applied in freeway scenario. 
However, although we still try to adjust the ratio of slots/subframes between NR and LTE resource pool in the semi-static case of scenario 3, the simulation results always show the performance loss of one RAT and the performance gain for another RAT compared with the dynamic sharing approach. In other words, it is hard to find a proper TDM ratio between NR and LTE resource pool in urban to avoid the performance loss of NR-based or LTE-based V2X RAT.
Observation 6: It is hard to find a proper TDM ratio between NR and LTE resource pool in urban scenario. 
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Figure 1 PRR of LTE and NR UE in scenario 1
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Figure 2 PRR of LTE and NR UE in scenario 2
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Figure 3 PRR of LTE and NR UE in scenario 3
Conclusion
In this contribution, we discussed the mechanism of dynamic resource pool sharing in co-channel coexistence, we have following observations and proposals:
Observation 1: For the AGC issue due to PSFCH transmissions of NR SL, alternative 1 will lead to a significant impact on HARQ feedbacks procedure, especially for groupcast option 1 (i.e., NACK-only based feedback).
Observation 2: For the AGC issue due to PSFCH transmissions of NR SL, alternative 1 doesn’t guarantee that the transmission of PSFCH will not cause interference to LTE SL transmission.
Observation 3: RSSI is detected within the subframes that may belong to LTE SL resource pool but PSFCH resources are configured within the slots of NR SL resource pool.
Observation 4: The definition for the set of logical subframes in LTE SL mode 4 is different from the definition for the set of logical slots in NR SL mode 2.
Observation 5: There is no much difference for the PRR of LTE UE or NR UE when dynamic sharing and semi-static configuration are applied in freeway scenario. 
Observation 6: It is hard to find a proper TDM ratio between NR and LTE resource pool in urban scenario. 
Proposal 1: Dynamic resource pool sharing between LTE SL and NR SL should be supported.
Proposal 2: For dynamic resource pool sharing, the sensing and resource reservation information shared by LTE SL module to NR SL module includes at least the following parameters:
· Time and frequency location of reserved resources by other LTE SL UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCIs and for own LTE SL transmissions
· Priority based on decoded SCIs and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by LTE SL module
Proposal 3: The sensing and resource reservation information shared by LTE module is used in physical layer of NR module as part of resource exclusion process.
Proposal 4: NR module ought to use the shared sensing and resource reservation information from LTE module for initial selection, re-evaluation and pre-emption checking.
Proposal 5: RAN1 continues to study dynamic resource pool sharing with the SCS of 15kHz only.
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Appendix
Table 1 Simulation assumption for scenario 1
	
	NR UE
	LTE UE

	Layout and UE dropping
	Freeway Option A   LTE UE:50% NR UE:50%

	Solution for Inter-RAT interference
	Case A: NR and LTE UE co-exist in a resource pool dynamically
Case B: NR and LTE UE are configured with TDM resource pool separately (slots for NR: slots for LTE = 4:1). 

	Traffic model 
	Periodic traffic Model 2 specified in 37.885 with following changes:
-Inter-packet arrival time: 50 ms
-Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-Latency requirement: 50 ms
	Periodic traffic Model 1 specified in 37.885:
-Inter-packet arrival time: 100 ms
-Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
-Latency requirement: 100 ms

	Cast type
	Broadcast (to NR UE only)
	Broadcast (to LTE and NR UE)

	Resource selection
	R16 mode 2 full sensing (includes re-evaluation)
	R14 mode 4 full sensing (includes backward indication and RSSI ranking)

	Subchannel size
	20PRB

	SCS
	15KHz

	Bandwidth
	20MHz

	Carrier frequency
	6GHz

	Channel Model
	TR 37.885 V2V Channel Model 

	Retransmission
	1




Table 2 Simulation assumption for scenario 2
	
	NR UE
	LTE UE

	Layout and UE dropping
	Freeway Option A    LTE UE:50% NR UE:50%

	Solution for Inter-RAT interference
	Case A: NR and LTE UE co-exist in a resource pool dynamically
Case B: NR and LTE UE are configured with TDM resource pool separately (slots for NR: slots for LTE = 4:1). 

	Traffic model 
	Aperiodic traffic Model 1 specified in 37.885 with following changes:
-Inter-packet arrival time: 15 ms + an exponential random variable with the mean of 15 ms
-Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-Latency requirement: 15 ms
	Periodic traffic Model 1 specified in 37.885:
-Inter-packet arrival time: 100 ms
-Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
-Latency requirement: 100 ms

	Cast type
	Broadcast (to NR UE only)
	Broadcast (to LTE and NR UE)

	Resource selection
	R16 mode 2 full sensing (includes re-evaluation)
	R14 mode 4 full sensing (includes backward indication and RSSI ranking)

	Subchannel size
	20PRB

	SCS
	15KHz

	Bandwidth
	20MHz

	Carrier frequency
	6GHz

	Channel Model
	TR 37.885 V2V Channel Model 

	Retransmission
	1


Table 3 Simulation assumption for scenario 3
	
	NR UE
	LTE UE

	Layout and UE dropping
	Urban Option A    LTE UE:50% NR UE:50%

	Solution for Inter-RAT interference
	Case A: NR and LTE UE co-exist in a resource pool dynamically
Case B: NR and LTE UE are configured with TDM resource pool separately (slots for NR: slots for LTE = 9:1 or 8:2 or 7:3 or 6:4 or 5:5). 

	Traffic model 
	Periodic traffic Model 2 specified in 37.885 with following changes:
-Inter-packet arrival time: 50 ms
-Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-Latency requirement: 50 ms
	Periodic traffic Model 1 specified in 37.885:
-Inter-packet arrival time: 100 ms
-Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
-Latency requirement: 100 ms

	Cast type
	Broadcast (to NR UE only)
	Broadcast (to LTE and NR UE)

	Resource selection
	R16 mode 2 full sensing (includes re-evaluation)
	R14 mode 4 full sensing (includes backward indication and RSSI ranking)

	Subchannel size
	20PRB

	SCS
	15KHz

	Bandwidth
	20MHz

	Carrier frequency
	6GHz

	Channel Model
	TR 37.885 V2V Channel Model 

	Retransmission
	1
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