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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
· 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


In the last meeting, the definition of device type A, and the constraints of SCS and PSFCH for avoiding AGC issue in dynamic resource sharing were discussed. In this contribution, we will further discuss the co-channel coexistence issues between LTE sidelink and NR sidelink.
Discussion
Device types and operation modes
In RAN1#110 [2], the following working assumption was achieved about the definition of device type A:
	Working assumption
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.


Obviously, Device type A reuses the dual-module framework defined in Rel-16, and it can share the sensing and resource reservation information from the LTE module to the NR module. This device type can well match the description in WID “reuse the in-device coexistence framework defined in Rel-16 as much as possible”, and it is easier to enhance NR sidelink resource allocation for avoiding the conflict between LTE sidelink transmissions.
Besides, another device type, i.e., Device type B, was also discussed in the previous two meetings. Unfortunately, there is no consensus for Device type B on its definition and the capability that whether it can sense or detect the LTE sidelink transmission. If Device type B cannot decode LTE safety information, it will bring huge safety risks and then Device type B should not be supported.
In RAN#97-e, the high priority for Device type A has been noted in the new WID[1]. And Device type B was not excluded from the scope of NR sidelink co-channel coexistence due to the opposition from some companies. 
From our point of view, considering time cost for discussing Device type B and no clear solution about the necessary enhancement of NR sidelink resource allocation for device type B, we prefer to only focus on Device type A to study the co-channel coexistence for LTE sidelink and NR sidelink.
Proposal 1: The study of co-channel coexistence for LTE sidelink and NR sidelink should only focus on Device type A and LTE devices.
Semi-static resource pool separation
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]There are two solutions for semi-static resource pool separation identified in previous study, 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).
In the last meeting, the following conclusion was made for the TDM solution:
	Conclusion
For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated


It can be found that, the TDM solution for semi-static resource pool separation can work well without any enhancement for the current specification.
Regarding the FDM solution, 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#110, after several rounds discussion, the final proposal was achieved by email discussion as below:
	Proposal 2-2 (II):
· For co-channel coexistence in Rel-18, RAN1 assumes that the FDM-based semi-static resource pool partitioning can be used based on Rel-16/17 specifications, and can be studied with the following constraints:
· NR SL resource pool is configured with only 15 kHz SCS.
· Configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted.
· FFS whether a guard band is required.
· Note: The LTE and NR resource pools do not overlap in frequency with each other in the FDM-based semi-static resource pool partitioning.


To avoid AGC issue, the SCS of NR sidelink limited to 15kHz is the simplest and most effective solution. However, considering the SCS of NR sidelink is configured per BWP, it means that all the resource pools within one BWP should have the same SCS, which seems too restrictive. Accordingly, a potential solution for supporting a higher SCS of NR sidelink resource pools should be studied. The direct method is to support multi-consecutive slots (corresponding to an LTE subframe) transmission. By a NR Tx UE transmitting TB(s) within consecutive slots with the same transmitting power, the AGC issue can be alleviated.
Proposal 2: Multi-consecutive slots (corresponding to an LTE subframe) transmission could be supported for FDM semi-static resource pool separation if a higher SCS is considered for NR sidelink.
Besides, the slot(s) with PSFCH of NR sidelink will also induce the AGC issue for LTE sidelink. The direct solution is to disable sidelink HARQ-ACK, which will impact the transmission reliability. So, another possible solution for supporting HARQ-ACK and avoiding the AGC issue is to configure the PSFCH resources non-overlapping with LTE SL subframes, which is shown in Figure 2. As depicted in this figure, the slots with PSFCH symbols are only configured for the NR resource pool. In other words, 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: Configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted, if HARQ-ACK feedback is supported for FDM semi-static resource pool separation.

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.
Solution for avoiding AGC issue
In the last meeting, the following agreement was agreed for avoiding AGC issue in dynamic resource sharing:
	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.


Similar to the FDM solution of semi-static resource pool separation, the different SCSs used by LTE sidelink and NR sidelink and the configuration of PSFCH are identified as the reason resulting in the AGC issue for dynamic resource sharing. Regarding the SCS configured for NR sidelink resource pool, the motivation for supporting higher SCS is the same as the concern for the FDM solution of semi-static resource pool separation, and the multi-consecutive slots (corresponding to an LTE subframe) transmission should be considered.
Proposal 4: Multi-consecutive slots (corresponding to an LTE subframe) transmission could be supported for dynamic resource sharing if higher SCS is considered for NR sidelink.


Figure 4. Illustrate the potential solution for supporting HARQ-ACK feedback in dynamic resource sharing

For the configuration of PSFCH (if support), there are two alternatives identified in the last meeting, i.e.,
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
For Alt 1, the subframes(slots) with LTE reservation resources are checked and excluded for avoiding the AGC issue in the procedure of NR sidelink resource allocation at the Tx side and/or the procedure of transmitting PSFCH at the Rx side, as shown in Figure 4 (a) and (b). This solution is simple and straightforward. However, some drawbacks also exist. For the Tx side, with the limitation due to AGC issues, the selected candidate resources after resource allocation in PHY may have higher RSRP measurement results compared with the selected candidate resources without considering the AGC issue, which will impact the decoding at the Rx side. For the Rx side, HARQ-ACK feedback should be dropped once the PSFCH occasion is overlapping with the resource reserved by LTE sidelink, which will induce the unnecessary retransmission and will seriously increase the burden of the shared resource pool.
Regarding Alt 2, there seem to be two kinds of understanding, i.e.,
· Option 1: Some NR only slots with PSFCH are configured within a basic set in the NR resource pool, and the basic set is periodically repeated.
· Option 2: Some slots are configured within a basic set in the NR resource pool, and the basic set is periodically repeated.
It can be found that, Option 1 configures some NR only slots that are excluded from the LTE resource pool for avoiding the AGC issue. In reality, it is not expected to reconfigure the resource pool(s) of LTE sidelink in the ITS band.
For Option 2 compared with Option 1, LTE sidelink transmission can also reserve the resources configured within the basic set. Some companies insist that, by letting the NR priority select the resources in the basic set for transmission and leveraging the RSSI ranking mechanism of LTE sidelink resource allocation, the LTE sidelink can avoid using or reserving the resources in the basic set as much as possible, and then AGC issue can be overcome. From our point of view, RSSI ranking does not always work and only excludes the redundant resource(s) with high RSSI measurement result(s) after excluding the unmonitored subframe(s) and the resource(s) with high RSRP measurement result(s). Hence, there is no real way to avoid LTE sidelink transmissions not using the resources in the basic set.
Furthermore, for Alt 2 as shown in Figure 4 (c), the interval between two slots with PSFCH in the basic set may be different, which means a huge challenge arises for the current implicit mapping principle of the HARQ-ACK feedback timing, and more additional design should be introduced.
To sum up, by evaluating the above two alternatives, Alt 1 is easier to implement and causes fewer technical problems and we suggest to further study the detailed solution on Alt 1.
Proposal 5: Avoiding PSFCH transmission in the slots that overlap with the subframes used for LTE SL transmissions should be considered for supporting HARQ-ACK in dynamic resource sharing.
Enhancement for NR sidelink resource allocation
In RAN1#109-e [3], 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.


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.
Proposal 6: 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
· 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.
For the contents of LTE sidelink sensing and reservation information, there was a draft proposal achieved in the last meeting:
	Proposal 2-4b (II):
· For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· LTE sensing results may include
· Time and frequency locations of LTE transmissions
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· Priority
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE.
· FFS details.


Intuitively, the basic sensing and reservation information used for LTE sidelink resource allocation Mode 4 should be also taken into account in the procedure of NR sidelink resource allocation Mode 2. According to the current in-device coexistence framework of Rel-16, if one module is transmitting, the other module cannot perform reception [4]. 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 7: LTE SL module could share the sensing and resource reservation information to NR SL module via the interface, including the time and frequency locations of LTE transmissions, the priority of LTE transmission, RSRP and/or RSSI measurement results, 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 8: 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.

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: The study of co-channel coexistence for LTE sidelink and NR sidelink should only focus on Device type A and LTE devices.
Proposal 2: Multi-consecutive slots (corresponding to an LTE subframe) transmission could be supported for FDM semi-static resource pool separation if higher SCS is considered for NR sidelink.
Proposal 3: Configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted, if HARQ-ACK feedback is supported for FDM semi-static resource pool separation.
Proposal 4: Multi-consecutive slots (corresponding to an LTE subframe) transmission could be supported for dynamic resource sharing if higher SCS is considered for NR sidelink.
Proposal 5: Avoiding PSFCH transmission in the slots that overlap with the subframes used for LTE SL transmissions should be considered for supporting HARQ-ACK in dynamic resource sharing.
Proposal 6: 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
· 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.
[bookmark: _GoBack]Proposal 7: LTE SL module could share the sensing and resource reservation information to NR SL module via the interface, including the time and frequency locations of LTE transmissions, the priority of LTE transmission, RSRP and/or RSSI measurement results, resource reservation periods, and half duplex subframe(s) of LTE module, etc.
Proposal 8: 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.
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