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Introduction
The co-channel coexistence for LTE and NR sidelink was considered as one of objectives in NR SL evolution [1], and this issue was discussed in RAN1#109-e with following agreements [2]:
	Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.

Agreement
For co-channel coexistence in Rel-18, Rel-16/17 simulation assumptions are reused for evaluation of solutions, except for the UE dropping model.
· FFS: UE dropping model

Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.
· FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).

Agreement
For evaluation of co-channel coexistence solutions in Rel-18, support the inclusion of dual module devices with NR+LTE modules using the following UE dropping models: 
· UE Dropping Model A: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is modified by doubling the time in the upper limit, resulting in max{2 meter, an exponential random variable with the average of the speed * 4sec}.
· UE Dropping Model B: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is maintained the same as current assumptions, i.e., max{2 meter, an exponential random variable with the average of the speed * 2sec}.
Companies should mention the UE dropping model and the distribution of each device type (single/dual module) used in their simulation assumptions.

Agreement
[bookmark: _Hlk110345038]Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.

Agreement
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 
· For device type A, the NR SL module uses the sensing and resource reservation information shared by the LTE SL module.
· FFS details on how the NR SL module uses this information.
· FFS details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.
· FFS: Whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL.
· FFS: Whether/how device type B should be supported.


In this paper, we discuss the UE type, operation mode and potential solutions for co-channel coexistence and also provide the corresponding system level simulation result.
[bookmark: _Hlk100248997]Discussion
1.1 UE type and operation mode in co-channel coexistence
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]During the discussion of last meeting, totally five UE types were proposed which include all types of LTE and NR UE from Rel-14 to Rel-18:
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules
· Type B devices are Rel-18 devices that contain only NR SL modules
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules 
· Type D devices are Rel-16/17 devices that contain only NR SL modules
· Type E devices are Rel-16 devices that contain both LTE SL and NR SL modules based on in-device coexistence framework
According to the current situation, different companies have different views for the scope of co-channel coexistence. More specifically, there is no common understanding whether the co-channel coexistence work includes the coexistence between Rel-16/17 devices and LTE devices. In our understanding, the coexistence for Rel-16/17 devices and LTE devices can be achieved by separate resource partitioning which has been supported by current specification. As for the enhanced IUC solution for Rel-17 devices, we think it is a partial solution because there could be no UE A around the Rel-17 devices. Therefore, we propose to consider only the coexistence for Rel-18 devices and LTE devices in current release and take the backward compatibility into account when we design the behavior of Rel-18 devices.
Proposal 1: Co-channel coexistence should focus on the coexistence between Rel-18 devices and LTE devices.
Furthermore, both Type A and Type B devices were discussed as Rel-18 devices in the last meeting. As can be observed in the above, Type A devices have both LTE and NR SL modules but Type B devices just have the NR SL module. In the meanwhile, Type B devices can be further divided into Type B1 and Type B2 devices. Type B1 represents a kind of NR UE with the capability of decoding SCI from LTE UE and Type B2 denotes the UE without such capability. Based on the objective of co-channel coexistence, it is noted that the coexistence work in Rel-18 should reuse the in-device coexistence framework defined in Rel-16 as much as possible. Hence, it is already implied that Type A devices with dual modules ought to be considered with higher priority. In addition, different solutions for coexistence may need to be designed for Type B1 and Type B2 devices respectively if Type B UE is supported. 
Proposal 2: For co-channel coexistence in Rel-18, Type A devices with dual modules are considered as baseline.
In RAN1#109-e, it was agreed that the combination of NR SL mode 2 and LTE SL mode 4 is considered as the operation mode with higher priority in Rel-18. However, there was still a FFS for other combinations (e.g. NR SL mode 1+ LTE SL mode 4 (Combination B) or NR SL mode 2 + LTE SL mode 3 (Combination C)). Actually, the coexistence of LTE SL mode 3 and mode 4 in a resource pool has been discussed and specified in Rel-15. It means that we have to investigate and evaluate another two combinations (i.e. NR SL mode 1+LTE SL mode 3+LTE SL mode 4, NR SL mode 2+LTE SL mode 3+LTE SL mode 4) if above combination B and combination C are considered in Rel-18. In addition, it is a bit strange to study combination B or C firstly under the condition that the coexistence of NR SL mode 1 and NR SL mode 2 has not been supported yet. Due to the limited time and high workload for this WI, we suggest that the combinations other than NR SL mode 2 + LTE SL mode 4 are not considered in Rel-18. 
Proposal 3: The combinations other than NR SL mode 2 + LTE SL mode 4 are not considered in Rel-18 co-channel coexistence.
1.2 Potential solutions for co-channel coexistence
To reduce the interference between LTE V2X and NR V2X when both LTE V2X and NR V2X are deployed in the same frequency channel, there are two potential solutions:
1. Semi-static partitioning of resources in the same frequency channel between LTE V2X and NR V2X operation with no overlapping resource pools. For this, resource partitioning in the time division multiplexing (TDM) fashion would be better than the frequency division multiplexing (FDM) approach, since the overall bandwidth for sidelink transmission is not sacrificed especially for large data transmissions. The resource pool partitioning is the simplest way to solve the co-channel coexistence issue. However, this could potentially cause a transmission delay issue to latency sensitive services due to not all available slots are allocated for NR SL operation in TDM approach. In the meanwhile, the semi-static configuration or pre-configuration cannot adapt flexibly to the changes in V2X traffic demand between the two RATs which can result in high congestion for one RAT but underutilization for the other RAT. Furthermore, if PSFCH is configured for NR SL, the FDM approach may not be feasible due to the AGC issue.
2. Dynamic sharing of resources for coexistence of LTE V2X and NR V2X technologies in the same frequency channel by configuring overlapping resource pools between the two RATs. Potentially, the resource pool for each RAT covers the entire channel bandwidth and all sidelink subframes/slots (except for slots with PSFCH symbols). This, however, raises the question of how to mitigate interference / transmission collision issue between the two RATs and a certain mechanism is definitely needed to resolve this issue due to the high reliability requirements from both basic and advanced V2X use cases. In this case, some information and configurations need to be exchanged between LTE module and NR module in the same UE. For example, the LTE module forwards the sensing result to the NR module and the NR module performs resource exclusion/(re-)selection based on the input from LTE module. By adopting this mechanism, the major advantage is full utilization of all available radio resources allocated to either LTE or NR-based SL communications while transmission collisions can be largely avoided. However, this would require some updates and changes to NR specification. Meanwhile, the system performance ought to be evaluated if the system only relies on the NR SL counterpart to do the active conflict avoidance.
In the last meeting, it was agreed that the feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence is to be studied. According to the simulation result provided in section 2.3, the semi-static partitioning and dynamic resource sharing achieve the same performance in highway scenario. However, the semi-static partitioning will bring the performance loss for one of RATs compared with dynamic sharing method in the congested urban scenario. Therefore, we think both semi-static partitioning and dynamic resource sharing mechanisms should be supported and use one of them depending on different scenarios or use cases.
Proposal 4: Both semi-static resource pool partitioning and dynamic resource sharing between LTE SL and NR SL should be supported.
As for the FDM approach in semi-static resource pool partitioning, the following proposal was supported by the majority and nearly endorsed.
	Proposal 2-3(IV): 
· For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, the SL BWP configured with NR SL resource pools for NR SL is limited to with a SCS of 15 kHz is considered, which is the same SCS as LTE SL.
· FFS: Whether/how to consider other SCSs


The motivation of this proposal is to avoid the AGC issue when different SCSs are used by LTE and NR SL operation. Considering the workload of this topic, we propose that the SCS of NR SL is limited to 15kHz and other SCSs are not considered in FDM-based resource partitioning. Simultaneously, we are also open to introduce other restrictions to address the AGC issue in FDM-based resource pool partitioning (e.g. disable HARQ feedback in the FDM-based NR SL resource pool).
Proposal 5: For FDM-based semi-static resource pool partitioning, the SL BWP configured with NR SL resource pools is limited with a SCS of 15 kHz.
In dynamic resource sharing mechanism, LTE module will share sensing and resource reservation information to NR module. It is still unclear what the sensing and reservation information refer to. If the information is the SCI received by LTE module, some extra exchanges between LTE and NR module are needed such that NR module is able to understand the SCI format of LTE especially for the TRIV and FRIV fields of the SCI. If the information refers to reserved resources determined based on the SCI received by LTE module, NR module can use the reserved resources directly during resource exclusion. In addition, the SL RSRP or SL RSSI measurement result should be included within the shared information as well.
Proposal 6: At least one of the following should be included in the information shared from LTE module to NR module:
· SCI monitored by LTE module or reserved resources determined based on the SCI monitored by LTE module
· SL RSRP and/or SL RSSI measurement result
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 is applied for resource exclusion in the physical layer of NR module, it is natural that it should be used 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 7: NR module ought to use the sensing and resource reservation information for initial selection, re-evaluation and pre-emption checking.
The in-device coexistence between LTE SL and NR SL in different frequency channels was studied and discussed in Rel-16. And it was mainly handled by dropping the transmission of LTE or NR SL based on priority comparison, which may cause the performance loss of the RAT with lower priority. In the co-channel coexistence work, the preferred approach is to avoid the in-device collision instead of dropping transmissions. For instance, LTE module forwards the selected SL grant to NR module such that NR module can exclude the candidate resource overlapping with the SL grant in time domain.
Proposal 8: NR module performs resource exclusion based on the SL grant determined by LTE module to address the in-device coexistence issue in the same frequency channel.
1.3 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 1: 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 the NR and LTE resource pool in urban to avoid the performance loss of NR-based or LTE-based V2X RAT.
Observation 2: 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 UE types, operation mode and solutions of co-channel coexistence for LTE V2X and NR V2X, we have following observations and proposals:
Observation 1: 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 2: It is hard to find a proper TDM ratio between NR and LTE resource pool in urban scenario. 
Proposal 1: Co-channel coexistence should focus on the coexistence between Rel-18 devices and LTE devices.
Proposal 2: For co-channel coexistence in Rel-18, Type A devices with dual modules are considered as baseline.
Proposal 3: The combinations other than NR SL mode 2 + LTE SL mode 4 are not considered in Rel-18 co-channel coexistence.
Proposal 4: Both semi-static resource pool partitioning and dynamic resource sharing between LTE SL and NR SL should be supported.
Proposal 5: For FDM-based semi-static resource pool partitioning, the SL BWP configured with NR SL resource pools is limited with a SCS of 15 kHz.
Proposal 6: At least one of the following should be included in the information shared from LTE module to NR module:
· SCI monitored by LTE module or reserved resources determined based on the SCI monitored by LTE module
· SL RSRP and/or SL RSSI measurement result
[bookmark: _GoBack]Proposal 7: NR module ought to use the sensing and resource reservation information for initial selection, re-evaluation and pre-emption checking.
Proposal 8: NR module performs resource exclusion based on the SL grant determined by LTE module to address the in-device coexistence issue in the same frequency channel.
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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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