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Introduction
According to the WID [1], Rel-18 NR sidelink evolution will study co-channel coexistence for LTE sidelink and NR sidelink, and the objective for co-channel coexistence is as following:
	4. 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


In the last meeting, we have discussed the simulation assumption, the combination of operational modes of NR sidelink and LTE sidelink, and the feasibility of semi-static resource pool partition and dynamic resource sharing. In this contribution, we will further discuss the co-channel coexistence issues between LTE sidelink and NR sidelink.
Discussion
Type of Devices to be considered
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In RAN1#109-e, the issue of types of devices to be considered for the co-channel coexistence for LTE and NR sidelink was discussed, and the following several types of devices were evaluated: 
· 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
After several rounds discussion in the last meeting, there was a consensus that the NR devices of Rel-18 (at least Type A) should be considered to coexist with LTE devices of Rel-14/Rel-15 (Type C). The main controversial part is whether NR devices of Rel-16/Rel-17 (Type D and Type E) should be supported to coexist with LTE devices.
From our point of view, the study of Type D and Type E is out of scope. On the one hand, the WID objective description [1] that “Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool” can be concluded into the backward compatibility principle, and we understand that the interpretation of “coexist” in this sentence is Rel-18 sidelink shares the legacy resource pool with Rel-16/17 sidelink rather than the common/overlapping resource pool(s) configured in a carrier shared with LTE sidelink. On the other hand, if Type D and Type E are considered, it means the study of the co-channel coexistence of the NR devices of Rel-16/17 and LTE devices of Rel-14/15 should be supported. Obviously, it is out of scope. 

Proposal 1: Devices type A and type B should be supported in the scope of the study of co-channel coexistence solutions in Rel-18, and could coexist with type C devices.
Semi-static resource pool separation
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]There are two solutions for semi-static resource pool separation, i.e., TDM solution and FDM solution, as shown in Figure 1.


Figure 1: Illustrate the semi-static TDM resource pool separation (left) and the semi-static FDM resource pool separation (right).
Regarding the TDM solution for semi-static resource pool separation, the LTE resource pool and NR resource pool are (pre-)configured in the same carrier with different subframes/slots. The resource allocation procedure is separate performing for LTE V2X and NR V2X. Thus, there is no need for specific enhancement. 
For supporting the FDM solution of semi-static resource pool separation, the AGC issue which is caused by different SCSs used by LTE sidelink and NR sidelink and the configuration of PSFCH symbols of NR sidelink should be solved. In RAN1#109-e, issue with FDM-based co-channel coexistence has been discussed several rounds which is related to the AGC issue caused by different SCSs, and the final proposal is as below:
	Proposal 2-3
· 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


Assuming 30kHz is used by NR sidelink and two NR slots correspond to an LTE subframe, the AGC training in the first symbol of LTE sidelink reception may not be adaptive to the last seven symbols of LTE reception. To avoid this issue, the SCS of NR sidelink limited to 15kHz is the simplest and most effective solution.
Proposal 2: To avoid the AGC issue, the SCS configured for SL BWP with NR SL resource pools is limited to 15kHz only.
[bookmark: _GoBack]Besides, the slot(s) with PSFCH of NR sidelink will also induce the AGC issue for LTE sidelink. The direct solution for avoiding this issue is to disable the HARQ-ACK function. However, considering the benefits of HARQ-ACK, one possible solution for supporting HARQ-ACK and avoiding the AGC issue is proposed as shown in Figure 2. In this figure, the slots with PSFCH symbols are only configured for the NR resource pool. In another word, the NR resource pool and LTE resource pool are FDM, and the slots with PSFCH symbols of the NR resource pool are TDM with the subframes of the LTE resource pool.
[image: ]
Figure 2: Illustrate the configuration of LTE resource pool and NR resource pool for the semi-static FDM solution
Proposal 3: The slot(s) with PSFCH symbols of NR resource pool should be excluded from the LTE resource pool, if HARQ-ACK feedback is supported in FDM solution.

Dynamic resource sharing
Dynamic resource sharing allows LTE sidelink and NR sidelink to select resources from the same/partial overlapping resource pool(s) as shown in Figure 3. It makes resources utilization more flexible and effective compared with semi-static resource pool separation.


Figure 3: illustrate a case of dynamic resource sharing.
Basic design for Dynamic resource sharing
In RAN1#109-e [2], the following agreement about dynamic resource sharing was achieved:
	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 the above agreement, several issues for supporting the co-channel coexistence of devices Type A and devices Type C are listed and we will provide our view on these issues.
Clearly, to avoid conflicts as much as possible, the NR SL module should take the sensing and resource reservation information of LTE sidelink shared by the LTE module into account for the procedure of resource allocation. Specifically, the physical layer at the NR SL module can exclude the reserved resource(s) of LTE sidelink in its resource (re-)selection after Step 5a) of Rel-16 TS 38.214 Section 8.1.4, and it can be up to the NR SL module’s implementation whether perform the above procedure of resource exclusion if the candidate resource(s) in S_A after excluding the reserved resource(s) of LTE sidelink is smaller than X * M_total. Therefore, the principle for excluding the LTE reserved resource(s) should be further discussed.
Proposal 4: NR SL module takes the sensing and resource reservation information transmitted shared by LTE module into account for the procedure of resource allocation.
Considering the dual-module in-device framework of devices Type A, it is the simplest and most direct solution to share the information via the interface between the two modules. For supporting the procedure of resource allocation, the exact information shared by the LTE SL module to the NR SL module can be summarized as follows:
· The priority of LTE transmission,
· Resource reservation periods,
· PSRP measurement value, and
· Half-duplex subframe(s) of LTE module, etc.
According to the current in-device coexistence framework of Rel-16, if one module is transmitting, the other module cannot perform reception [3]. Hence, the half-duplex subframe(s) of the LTE module should also be taken into account for the procedure of NR SL resource allocation to exclude some resources reservation in some slots due to the LTE half-duplex subframe(s).
Proposal 5: LTE SL module could share the sensing and resource reservation information to NR SL module via the interface, including the priority of LTE transmission, RSRP measurement value, resource reservation periods, and half duplex subframe(s) of LTE module, etc.
Besides, another possible information shared by the LTE SL module to the NR SL module is the preferred/non-preferred resource set which is defined in Rel-17 for sidelink inter-UE coordination (IUC). LTE module can determine a set of resource and transmit to NR module, and NR module uses the set of resource following the basic procedure of IUC. It can be found that, there is a small workload to enhance the NR resource allocation mode 2, but it may have an impact on the LTE specification. Thus, it could be further discussed.
Similarly, the mechanism of Rel-17 sidelink IUC can also be used for indicating the resources being occupied by LTE SL. In this way, UE-A should be a Rel-18 sidelink UE supporting co-channel coexistence and IUC. Actually, it is difficult to ensure that there always exists at least one Rel-18 UE (UE-A) nearby the Tx UE (UE-B) for supporting the co-channel coexistence of Tx UE. Hence, an IUC-based solution can only be an alternative solution rather than the only solution.
Proposal 6: IUC-based solution, i.e., a Rel-18 UE could provide assist information to another UE for supporting its dynamic resource sharing, can be an alternative solution.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Regarding the devices Type B, the capability of whether LTE sidelink can be sensed or transmitted should be discussed, which will influence the design for how to be aware of LTE sidelink resource reservation. If the devices Type B are without the capability for sensing and transmitting LTE sidelink, the devices Type B can not achieve dynamic resource sharing with LTE devices without any help from other devices (Devices Type A). If Device type B has a higher capability, there may exist more solutions for supporting dynamic resource sharing.
Proposal 7: The capability of devices Type B for sensing and transmitting LTE sidelink should be further studied, if devices type B are considered to be supported.

Other issues
When the LTE sidelink and NR sidelink share the same or partially overlapping resource pool(s), some LTE transmissions may occupy the PSFCH resources configured for the NR resource pool, which will seriously impact the HARQ feedback of NR sidelink transmission. In addition, the AGC issue should also be considered. From our point of view, there are several possible approaches to deal with this issue, e.g., the slot(s) with PSFCH is configured for NR sidelink resource pool is similar to the design for the TDM solution given in Sec.2.2, etc. Anyway, the study on HARQ feedback enhancement is necessary for dynamic resource sharing.
Proposal 8: Sidelink HARQ feedback enhancement should be studied for dynamic resource sharing.
If the simultaneous transmission of LTE sidelink and NR sidelink in the same device (Type A) is supported for the co-channel coexistence of Rel-18, the power control and interference between LTE sidelink module and NR sidelink module should be considered.
Proposal 9: Power control and in-device interference between LTE sidelink transmission and NR sidelink transmission should be further studied for dynamic resource sharing, if simultaneous transmission of LTE sidelink and NR sidelink is supported in a device.

Conclusions
In the contribution, we provides our view on the co-channel coexistence issues between LTE sidelink and NR sidelink, and propose that,
Proposal 1: Devices type A and type B should be supported in the scope of the study of co-channel coexistence solutions in Rel-18, and could coexist with type C devices.
Proposal 2: To avoid the AGC issue, the SCS configured for SL BWP with NR SL resource pools is limited to 15kHz only.
Proposal 3: The slot(s) with PSFCH symbols of NR resource pool should be excluded from the LTE resource pool, if HARQ-ACK feedback is supported in FDM solution.
Proposal 4: NR SL module takes the sensing and resource reservation information transmitted shared by LTE module into account for the procedure of resource allocation.
Proposal 5: LTE SL module could share the sensing and resource reservation information to NR SL module via the interface, including the priority of LTE transmission, RSRP measurement value, resource reservation periods, and half duplex subframe(s) of LTE module, etc.
Proposal 6: IUC-based solution, i.e., a Rel-18 UE could provide assist information to another UE for supporting its dynamic resource sharing, can be an alternative solution.
Proposal 7: The capability of devices Type B for sensing and transmitting LTE sidelink should be further studied, if devices type B are considered to be supported.
Proposal 8: Sidelink HARQ feedback enhancement should be studied for dynamic resource sharing.
Proposal 9: Power control and in-device interference between LTE sidelink transmission and NR sidelink transmission should be further studied for dynamic resource sharing, if simultaneous transmission of LTE sidelink and NR sidelink is supported in a device.
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