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1. Introduction
It has been approved in the NR Sidelink evaluation WID [1] to study the mechanism of co-channel coexistence for LTE sidelink and NR sidelink.
	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]
· [bookmark: _Hlk101727339]Reuse the in-device coexistence framework defined in Rel-16 as much as possible


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

2. Scenarios
In the RAN1 109 e-meeting, the following agreement was achieved.
	Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.


[bookmark: _Hlk101972647]In semi-static resource pool partitioning solution, the resource pools configured for LTE V2X devices and NR V2X devices are purely FDMed or TDMed in the coexistence band as Figure 1. Considering that there may be LTE V2X UEs already existing in the coexistence band, the resources originally allocated to LTE V2X pool should be updated in some way (e.g., through OTA upgrade) with parts of them re-allocated to NR V2X pool. Though the spectrum resources allocated to LTE V2X may decrease, there would be no resource collision between LTE V2X and NR V2X. The most significant advantage is that this alternative can be easily implemented through existing RRC configuration without any additional spec efforts.
	

[bookmark: _Ref110419719]Figure 1: Semi-static Resource Pool Partitioning
	

[bookmark: _Ref110429823]Figure 2: Dynamic Resource Sharing


In dynamic resource sharing solution, the resource pools configured for NR V2X devices are at least partially overlapping with the resource pools configured for LTE V2X devices as Figure 2. If the resource collision in one resource pool between LTE V2X devices and NR V2X devices can be solved, the dynamic resource pool sharing can maintain a higher spectrum efficiency.
In order to complete the study in time, the work should focus on realistic deployment scenarios. For example, considering it would be too complicated for UE to support coexistence in mixed SCS case (for example, AGC would be problematic for LTE UE as power of the multiple NR slots overlapping with a LTE subframe may change), it’s desirable to limit the study of coexistence scenarios to same numerology deployment. Other restrictions on deployment would also be helpful to enable a dual-module V2X devices to work in the coexistence scenario. For example, the subchannel size and subchannel number, etc., are better to be aligned between NR and LTE SL configurations.
[bookmark: _Ref102148641]Proposal 1: The co-channel coexistence study should focus on limited scenarios, e.g., same numerology, same sub-channel configurations, etc. between LTE SL and NR SL.

3. Semi-static resource pool partitioning
[bookmark: OLE_LINK6]The semi-static resource pool partitioning solution achieves co-channel coexistence through configuring non-overlapping resource pools respectively for LTE V2X devices and NR V2X devices. The time domain and frequency domain resources can be pre-configured, and updated by network signalling (via RRC or PCF) for coexistence. Hence, In this scheme, the NR V2X devices can share the same band with LTE V2X devices without spec impact on both LTE and NR. 
However, in some regions, LTE V2X devices may have been deployed for years. These devices might not be able to update their (pre-)configurations due to the lack of Uu interface and PCF interface (or even V1 interface). Hence, it may be difficult to apply this scheme in these regions to achieve co-channel coexistence.
[bookmark: _Ref101990736]Observation 1: Semi-static resource pool separation can be easily implemented through network configuration, but may be infeasible in regions deployed with LTE V2X devices not capable of configuration updating.
Another potential drawback is that the spectrum efficiency might decrease because such a hard-split resource segmentation cannot accommodate the dynamically-changing number of NR V2X UEs as well as the ever-growing traffic load of NR V2X. To investigate the performance impact, the PRR performance of the semi-static resource pool partitioning solution (Alt 1) and the dynamic resource sharing solution (Alt 2) are evaluated. 
In the simulation, Case 1 is that the ratio of LTE devices to NR devices is 1 (i.e. LTE: NR = 1:1), while in Case 2 the number of NR devices is three times as many as LTE devices (i.e. LTE: NR = 1:3). The simulation results are provided in Figure 3 and Figure 4. The general simulation parameters can be found in Annex A.
As shown in the Figures, the PRR performance loss of Alt 2 compared with Alt 1 for LTE UE is around 0.5% in Case 1 and no more than 3% in Case 2, respectively, while the PRR performance gain of Alt 2 compared with Alt 1 for NR UE is 5% in Case 1 and negligible in Case 2, respectively. In general, sharing one resource pool will influence the PRR performance of NR devices, but has minor performance loss to LTE devices in some cases. This is because in the simulations for Alt 2 the NR devices would avoid the resource collision between two RATs through resource re-selection, even dropping the packet.
[bookmark: _Ref101888868]Observation 2: For LTE-NR V2X coexistence, dynamic resource pool sharing causes both performance loss to LTE devices and NR devices compared with semi-static separate pool separation in some cases.
[bookmark: _Ref101888924]Proposal 2: Semi-static resource pool separation is applicable for co-channel coexistence for LTE sidelink and NR sidelink.
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[bookmark: _Ref111143130][bookmark: _Ref111143120]Figure 3: Comparison of Average PRR of LTE-UE
	[image: ]
[bookmark: _Ref111143132]Figure 4: Comparison of Average PRR of NR-UE



4. [bookmark: _Hlk101973845]Dynamic resource Sharing 
In the previous e-meeting, the following agreement was achieved.
	Agreement
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 
· [bookmark: _Hlk110440964]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.


4.1. Resource collision handling
For dynamic resource sharing solution, one essential issue is how NR SL modules/UEs would be aware of the resources that are being occupied by LTE SL modules/UEs and vice versa. In the last meeting, different types of devices were discussed, and the type A device was agreed, which uses the sensing and resource reservation information shared by the LTE SL module to avoid resource collision. Considering that different types of information exist and how the NR SL module using the information has impacts on the resource allocation mechanism, the details about the resource conflict handling mechanism should be studied.
One apporach is that LTE SL module shares the sensing results to NR SL module, and the NR SL module performs resource allocation as Rel-16 or Rel-17 to exclude the resources reserved by LTE RAT. In this option, reservation and measuremnt related information, such as the SCI location, resource reservation period, priority and RSRP measurement, can be shared by LTE module. Another way is that LTE SL module could indicate a set of non-preferred resouces(e.g., resources reserved by other LTE UE) to NR SL module. In this case, NR SL module would exclude these indicated resources regardless of the priority and RSRP similar to the Inter-UE Coordination mechanism, thus the  information that needs to be shared from the LTE SL module is the resources reserved by LTE RAT. 
[bookmark: _Hlk111217668]Note that the above method solely relies on NR RAT to address the resource collision problem, in other words, essentially assuming that any LTE transmission has higher priority than NR, which is not aligned with the Rel-16 LTE/NR coexistence principle. Consequently, the performance of NR RAT might be affected seriously in some cases. In order to protect NR transmissions, especially thoes with higher priorities , not only NR SL but also LTE SL should be able to detect and avoid the potential collision from the other RAT as much as possible. One possible way is to support NR device to advise other LTE SL modules/UEs about the NR reservation through LTE SCI to avoid resource collision. Specifically, when the NR SL UE select or reserve a resource in NR SCI, the LTE SL module of the UE also sends a LTE SCI indicating the same resources. Then other LTE SL modules/UEs would be aware of the reserved resources. As a result, other (legacy) LTE SL UE can also detect and avoid the collision by performing Rel-14 resource selection. 
[bookmark: _Ref111143345]Observation 3: One straightforward solution for the resource collision problem is to allow LTE always pre-empting NR resources, but the performance of NR RAT might be affected seriously in some cases.
[bookmark: _Ref111143346]Observation 4: Alternatively, the LTE SL modules of the UE can reserve the resources used by its NR SL by sending the LTE SCI with resource reservation indication, so that the other legacy LTE SL UE can avoid resource collision according to Rel-14 resource selection procedure.
The PRR performance of them are evaluated for the abovementioned options. In Option 1, NR SL UEs detect the resources reserved by LTE devices and then avoid the collision through resource (re-)selection, pre-evaluation and pre-emption. In Option 2, the LTE SL modules of the SL UE can reserve the resources used by its NR SL by sending the LTE SCI with resource reservation indication, so that the other legacy LTE SL UE can avoid resource collision according to Rel-14 resource selection procedure. The simulation results are provided in Figure 5 and Figure 6. The general simulation parameters can also be found in Annex A.
	[image: ]
[bookmark: _Ref102153599][bookmark: _Ref102153593]Figure 5: Comparison of Average PRR of LTE-UE
	[image: ]
[bookmark: _Ref102153605]Figure 6: Comparison of Average PRR of NR-UE


It can be observed that the average PRR of the Option 2 achieves about 5% performance gain in NR RAT compared with Option 1, while the performance loss in LTE RAT is negligible.
[bookmark: _Ref102148493]Observation 5: There is an obvious gain in Option 2 compared with Option 1.
[bookmark: _Ref111224682]Proposal 3：If dynamic resource sharing is supported, the Rel-16 LTE/NR coexistence principle should be reused for solving the resource collision between LTE and NR SL transmissions.
In addition, even if the LTE SL UEs utilize the detected resource reservation information to do resource selection, the RSRP measured on these reserved resources may be problematic. The RSRP measurement is associated with DMRS pattern. However, the DMRS pattern of LTE is different from NR. Consequently, the LTE SL UE can not acquire accurate RSRP results when detecting the resources reserved by NR RAT. To solve this problem, NR UE might need to transmit LTE DMRS to help LTE UE perform RSRP measurement.
[bookmark: _Ref102060892]Observation 6: The DMRS pattern in LTE is different from NR, thus, LTE SL UE can not maintain the accurate RSRP when detecting the resources reserved by NR modules/UEs.
Moreover, it is difficult to gurantee the aperiodic transmission performance from NR SL in the shared resource pool. LTE devices are not able to detect NR SCI, thus, they won’t avoid the resource reserved for retransmission of NR devices. The RSSI-based resource exclusion mechanism of LTE does not help as these transmissions are aperiodic. Further investigation are inevitably required to enable the NR aperiodic resource allocation mechanism.
4.2. PSFCH
In last e-meeting, the issue of coexistence with PSFCH was discussed. One proposal is not configuring PSFCH in shared resource pools to limit the workload. However, in our view, PSFCH based HARQ-ACK feedback is a fundamental feature of NR SL to improve efficiency and reliability. If PSFCH should be disabled, it is then unclear why NR SL is used. 
[bookmark: _Hlk101988926]Nevertheless, when PSFCH is configured, the issue of coexistence with PSFCH should be considered. Since there is no HARQ-ACK and corresponding physical channel such as PSFCH in LTE SL, the PSFCH of NR devices may be disturbed by the LTE transmission and vice versa. Considering the nature of PSFCH occasions, one possibility to guarantee the PSFCH is through the resource reservation mechanism. For example, NR devices can select the PSSCH resource that both the PSSCH resource and its corresponding PSFCH resource have not been reserved by LTE devices. Alternatively, NR SL UE can send LTE SCI to reserve the candidate slot containing PSFCH occasion so that the LTE SL UE would exclude the reserved resources slot based on senisng. Hence, the interference to PSFCH could be minimized via LTE devices’ resource selection. 
[bookmark: _Ref101990744]Observation 7: PSFCH of NR devices will be disturbed by the data transmission in the corresponding resource of LTE devices and vice versa.
[bookmark: _Ref111224684]Proposal 4：If dynamic resource sharing is supported, the sharing mechanism solution should be able to resolve the collision between PSFCH and LTE transmission.
4.3. 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 collision between the synchronization signal of one RAT and PSSCH transmission of the other RAT. Thus, an additional mechanism would be required to ensure that synchronization signal resources of both RATs are excluded from the resource pools. For example, the synchronization signals in both LTE SL and NR SL could be configured FDMed in same time domain, or NR SL reuse the LTE SL synchronization to avoid the collision between the synchronization signal and the resource pools of different RATs. The first option is simple but may have some restriction on the configuration, while the second option might have some impacts on the NR synchronization procedure.
[bookmark: _Ref111143352][bookmark: _Ref101990745]Observation 8: 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 5: If dynamic resource sharing is supported, the collision between the synchronization signal and the resource pools of different RATs, e.g., by configuring FDMed LTE SL and NR SL synchronization signals, or adopting LTE SL synchronization signals for NR SL, etc.
5. Conclusion
This contribution focus on with the following observations and proposals:
Observation 1: Semi-static resource pool separation can be easily implemented through network configuration, but may be infeasible in regions deployed with LTE V2X devices not capable of configuration updating
Observation 2: For LTE-NR V2X coexistence, dynamic resource pool sharing causes both performance loss to LTE devices and NR devices compared with semi-static separate pool separation in some cases.
Observation 3: One straightforward solution for the resource collision problem is to allow LTE always pre-empting NR resources, but the performance of NR RAT might be affected seriously in some cases.
Observation 4: Alternatively, the LTE SL modules of the UE can reserve the resources used by its NR SL by sending the LTE SCI with resource reservation indication, so that the other legacy LTE SL UE can avoid resource collision according to Rel-14 resource selection procedure.
Observation 5: There is an obvious gain in Option 2 compared with Option 1.
Observation 6: The DMRS pattern in LTE is different from NR, thus, LTE SL UE can not maintain the accurate RSRP when detecting the resources reserved by NR modules/UEs.
Observation 7: PSFCH of NR devices will be disturbed by the data transmission in the corresponding resource of LTE devices and vice versa.
Observation 8: 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: The co-channel coexistence study should focus on limited scenarios, e.g., same numerology, same sub-channel configurations, etc. between LTE SL and NR SL.
Proposal 2: Semi-static resource pool separation is applicable for co-channel coexistence for LTE sidelink and NR sidelink.
Proposal 3：If dynamic resource sharing is supported, the Rel-16 LTE/NR coexistence principle should be reused for solving the resource collision between LTE and NR SL transmissions.
Proposal 4：If dynamic resource sharing is supported, the sharing mechanism solution should be able to resolve the collision between PSFCH and LTE transmission.
Proposal 5:  If dynamic resource sharing is supported, the collision between the synchronization signal and the resource pools of different RATs, e.g., by configuring FDMed LTE SL and NR SL synchronization signals, or adopting LTE SL synchronization signals for NR SL, etc.
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Annex A
Table 1 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	Link type
	V2V

	UE type
	Single module UE

	Communication type
	Broadcast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Separate pool configuration
	10MHz in LTE pool, 10MHz in NR pool

	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 four times for NR

	TX power
	23dBm
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