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1 Introduction

In RAN#95-e meeting, a new WID on evolution of NR duplex operation has been approved [1], including the following objectives:


In RAN#97-e meeting, it was concluded that for the Co-Ex objective 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. And the WID is updated as following [2]:
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In this contribution, we continue the discussion on the issues and potential solutions for co-channel coexistence for LTE and NR sidelink are discussed and analyzed, and our preference is given.
2 Type of devices 

In RAN1#110 meeting, the definition of type A devices are clarified with the following working assumption:

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.
Since RAN has concluded that the work on type A device shall be with high priority for dynamic resource pool sharing, to facilitate the further discussion on solutions, the definition of type A device shall be stable. Therefore, we propose:
Proposal 1: The working assumption in RAN1#110 on device type A shall be confirmed.
3 Co-channel coexistence solutions 

3.1 Semi-persistent resource pool partitioning
In RAN1#110, the following conclusion was reached for TDM-based semi-static resource pool:

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

However, the feasibility and solutions for FDM based resource pool partitioning has not been concluded.
3.1.1 FDM based resource pool partitioning

For FDM based resource pool partitioning, LTE SL and NR SL may occupy the same time domain resource, but occupies different frequency domain resource.

If LTE SL and NR SL use different numerologies, e.g., LTE SL with 15KHz SCS and NR SL with 30KHz SCS, there will be inter-carrier interference among the two RATs. In addition, if NR uses higher SCS, there will be multiple NR SL slots within a single LTE SL subframe. The overall receiving power of LTE SL receiver on different symbols may vary significantly due to different set of NR SL transmitters in different slots. The receiving performance of LTE SL would be degraded. Therefore, we propose:

Proposal 2: For FDM based resource pool partitioning, only 15KHz SCS is considered for NR SL.

Even if 15KHz SCS is used by NR SL, NR SL and LTE SL shall be synchronized. If the synchronization difference between NR and LTE SL is beyond the CP length, the inter-carrier interference will degreed the performance of both RATs. In addition, the subframe boundary of LTE SL and slot boundary of NR SL shall be aligned. Otherwise, a single transmission from one RAT may have time domain overlapping with transmissions of different subframes/slots from the other RAT. There will be AGC issue for the SL reception.

Proposal 3:  For FDM based resource pool partitioning, NR SL and LTE SL shall be synchronized

- the subframe and slot boundary of two RATs shall be aligned.

NR SL resource pool may support SL-HARQ-ACK feedback and/or inter-UE coordination scheme 2, and thus PSFCH resource(s) are configured in the resource pool. PSFCH and PSCCH/PSSCH transmissions are TDMed in a single slot. If a LTE SL transmission is time domain overlapping with a NR slot with PSFCH resource, the receiving power on the OFDM symbols overlapping with NR PSCCH/PSSCH may be significantly different with that on the symbols overlapping with NR PSFCH, and thus degrade LTE SL reception performance.

To avoid the negative impact on LTE SL reception, LTE SL resource pool can be (pre)configured to not occupy resource in the slot where NR PSFCH exists. An example is shown in Figure 1. The time domain configuration of LTE SL resource pool shall avoid the slots that occupied by NR SL PSFCH. 

Proposal 4: For FDM based resource pool partition, if PSFCH is (pre)configured in NR SL resource pool, the time domain configuration of LTE SL resource pool shall avoid the slots that occupied by NR SL PSFCH.
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Figure 1: configuration of LTE and NR SL resource pool when NR resource pool supports PSFCH
3.2 Dynamic resource sharing

As guided by RAN plenary [3], for dynamic resource sharing, type A device and combination A needs to be discussed with high priority. For type A device, both LTE SL resource pool and NR SL resource pool shall be (pre)configured for LTE SL module and NR SL module, respectively. The time-frequency domain resource in LTE SL resource pool and NR SL resource pool can be fully or partially overlapping; or one resource pool is a subset of the other resource pool.

In RAN1#110 meeting, the following agreements were made:
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.

3.2.1 On Higher SCS than 15KHz

In RAN1#110bis-e meeting, the necessity of supporting higher SCS than 15KHz and the potential solutions have been discussed. There is no consensus on the issue and the FL encourages companies to carry further analysis and solutions on this issue in the next meeting.
Following RAN guidance in RAN#97-e, RAN1 shall focus the discussion of dynamic resource sharing on Type A devices. Therefore, supporting NR Rel-16/17 SL UEs in a NR SL resource pool which has dynamic resource sharing with LTE SL shall be deprioritized. If only Rel-18 NR Type A devices are considered, there is no backward compatibility issues assuming that Rel-16/17 NR SL UE does not support LTE/NR coexistence in the same carrier. Note that this does not preclude the possibility that NR R18 type A device communicate with R16/17 UE in a resource pool without dynamic resource sharing with LTE SL.
Observation 1: There is no backward compatibility issue if only 15KHz SCS is supported when consider only Type A devices for dynamic resource sharing.

It is also argued that higher SCS can help to reduce the latency and be beneficial to reduce doppler frequency shifts impact. However, for mode 2 resource selection, the latency of SL communication mainly depends on the value of T2 of selection window when performing resource selection. The benefit of supporting higher SCS on latency reduction can be marginal. In addition, NR SL can support as many as 4 DMRS symbols when PSSCH transmission duration is beyond 11 symbols.  There shall be no issue on combating doppler frequency shift for NR sidelink even with 15KHz SCS.
Observation 2: the benefit of supporting higher SCS than 15KHz for dynamic resource sharing shall be further clarified.

On the other hand, several potential solutions are proposed to solve the AGC issue when NR SL uses higher SCS, as listed in the final proposal in FL summary of RAN1#110bis-e:

	Proposal 1-5 (V):

· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:

· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupy all symbols (across multiple time slots) within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps an LTE SL transmission.

· Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL UEs about the resource reservations used by NR SL UEs.

· Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions.
· Other options are not precluded, including combination of more than one option.


Solution Option 1 can keep the SL transmission power at a constant level within the duration of LTE SL transmission, and thus the AGC issue will not happen. However, the specification impact of option 1 can be high. In addition, if multi-slot transmission or slot aggregation only applies on the slots which overlap with LTE SL transmission, both NR SL Tx UE and Rx UE needs to have the same understanding of when LTE SL transmission may happen. This could be rather difficult or infeasible considering that each UE only senses within its own local area. 
Solution Option 2 needs to revise LTE specification to enable LTE SL module to send LTE SL PSCCH for NR SL transmission, otherwise it requires NR SL module to have the capability to send LTE SL PSCCH. Considering that LTE SL has different coding, RE mapping and modulation schemes than NR SL, supporting LTE PSCCH transmitting capability in NR module can increase the device complexity and cost a lot. Therefore, this solution is not preferred.

Solution Option 3 has less NR specification impact compared with solution Option 1, has no LTE specification impact, and does not need NR SL module to support LTE SL capability. However, the negative impact of this solution on NR performance needs to be carefully investigated. One of the major motivations of considering higher SCS for dynamic resource sharing in LTE/NR coexistence is to provide higher NR SL performance. If NR SL needs to avoid transmission in slots which have time domain overlapping with LTE SL transmission, the performance of NR SL could be even worse than that of 15KHz SCS. 

Based on the above analysis, we propose:

Proposal 5:   NR SL with 15KHz SCS is supported for dynamic resource sharing
· FFS on option 3 for support of NR SL resource pool configured with higher SC

3.2.2 On NR PSFCH
As NR PSFCH transmission only occupies 2 symbols in a slot (including AGC symbol), if LTE SL transmission happens in the same slot, AGC issue shall be considered which may have negative impact on LTE SL reception performance. Two alternatives have been proposed and discussed in RAN1#110 and RAN1#110bis-e meeting, which are analyzed below.
	Agreement
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:

· 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.


3.2.2.1 Alternative 1
To avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions, the following options have been proposed and discussed:
Option 1: The PSCCH/PSSCH TX UE avoids selecting resources where the corresponding PSFCH occasion overlaps with the LTE SL transmission.
· The solution tries to exclude the candidate resources the corresponding PSFCH of which has time domain overlap with LTE SL transmission. However, the candidate resources of NR SL communication would be rather limited if all the candidate resources in slots with corresponding PSFCH transmission in slot of LTE SL transmissions are excluded. The number of candidate resources for NR SL may not be enough, and higher interference would be expected for NR candidate resources.
· A potential alternative of option 1 is to disable the HARQ-ACK for PSCCH/PSSCH transmission in resources where the corresponding PSFCH occasion overlaps with the LTE SL transmission. The 1 bit “HARQ feedback enabled/disabled indicator field” in SCI to indicate whether HARQ-ACK is enabled or disabled can be used. By this way, the PSCCH/PSSCH transmission of NR SL can still be performed even if the corresponding PSFCH resource is not available; in addition, both TX UE and RX UE knows whether PSFCH is expected to be transmitted or not, and thus unnecessary PSCCH/PSSCH retransmissions due to PSFCH dropping can be avoided. 

Option 2: The PSCCH/PSSCH RX UE does not transmit feedback on the PSFCH occasion that overlaps with the LTE SL transmission.
· Type A device can use LTE SL sensing results to determine whether there will be LTE SL transmissions in a given slot. Type A device can cancel NR PSFCH transmission in the slot if there exists LTE SL transmissions. This solution can mitigate the negative impact of NR PSFCH on LTE SL performance by scarifying some NR SL performance. However, there is no resource reservation for the 1st transmission after the resource (re)selection, or when LTE UE is performing random resource selection. Therefore, the solution may not be able to fully solve the problem of AGC issue of LTE reception caused by NR PSFCH transmission. In addition, there may be hidden terminal and/or half duplex problem, where the LTE SL receiver can still be interfered by NR SL PSFCH transmitter which cannot receive LTE SL transmitter’s reservation. Considering all the pros. and cons., option 2 can be considered for further study to solve the AGC issue introduced by NR PSFCH. 
Option 3: PSFCH resources are (pre-)configured in a TDM manner with LTE V2X resource pool.
· For dynamic resource sharing, LTE SL resource pool and NR SL resource pool may not be fully overlapped in time domain. NR SL resource pool can occupy some LTE SL reserved subframes where there is no LTE SL transmission. NR PSFCH can be (pre)configured only within these slots to avoid potential negative impact on LTE SL transmissions. The periodicity of NR PSFCH needs to be more flexible to adapt to the reserved subframes of LTE SL.
This option can effectively avoid potential negative impact of NR SL PSFCH on LTE SL transmission with relatively low specification impact. However, the option assumes that there will be enough LTE SL reserved subframes so NR SL PSFCH resource can be (pre)configured. 
Based on the above discussion, we propose:
Proposal 6: For dynamic resource sharing, if NR PSFCH is (pre)configured, NR SL shall avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions, FFS on the following options:

· Option 1: The PSCCH/PSSCH TX UE disables HARQ-ACK feedback when the corresponding PSFCH occasion overlaps with the LTE SL transmission
· Option 2: The PSCCH/PSSCH RX UE does not transmit feedback on the PSFCH occasion that overlaps with the LTE SL transmission.

· Option 3: PSFCH resources are (pre-)configured in a TDM manner with LTE V2X resource pool.
3.2.2.2 Alternative 2
NR SL UEs use a periodically repeating set of PSFCH slots. In LTE Mode 4 resource selection the candidate single subframe resource with smaller SL-RSSI measurement results will be first selected into the candidate resource set reported to MAC layer. It is expected that LTE SL UE will have less probability to select the subframes that have time domain overlapping with NR PSFCH slots. However, the following issues needs to be carefully examined to study the feasibility and effectiveness of alternative 2:

1) For LTE SL mode 4 resource (re)selection, S-RSSI ranking only happen after resource exclusion based on PSCCH reservation. In addition, if the remaining candidate single subframe resource is less than or equal to 0.2* Mtotal, S-RSSI measurement ranking does not take effect. Therefore, the solution of alternative 2 cannot always protect LTE SL communication from NR SL PSFCH.
2) NR SL UEs and LTE SL UEs may not be uniformly distributed in the real deployment. When the distribution of NR UEs is not dense enough in a given area, the S-RSSI measurement result of LTE SL UEs may not be high enough to preclude LTE UE to select the resource in NR PSFCH slots. In such as case, the solution may not be able to protect LTE SL communications from NR PSFCH.
3) After resource selection, LTE SL UEs will use the resource for periodic transmission for a rather long duration. If an LTE SL UE selects a resource in NR PSFCH slots, there will be high probability that its SL transmission in the following periods will also be impacted NR PSFCH, until resource re-selection is triggered. This is undesirable especially for LTE basic safety services. 
Observation 3: Using a periodically repeating set of PSFCH slots for NR SL may not be effective when the resource is relatively congested, or when the distribution of NR devices is less dense.
Observation 4: LTE SL transmission may be impacted by NR PSFCH for a consecutive long duration if the period of LTE SL TX can divide the NR PSFCH periodicity.
Therefore, Alternative 2 is not preferred as the solution to solve the AGC issue caused by NR PSFCH. 
3.2.3 On information shared by LTE SL module of device type A
For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module. It should be clarified on details of which information shall be shared by the LTE SL model, and how NR SL model uses this information.

The shared candidate sensing and reservation information shall at least include the time-frequency resource location/size information and periodicity information from LTE SL SCI decoding, and the corresponding LTE SL-RSRP measurement results. NR SL module can use the information to preclude candidate resources which have time-frequency domain overlapping with the reserved resource when performing mode 2 resource (re)selection, re-evaluation, preemption, or inter-UE coordination.
It was also proposed to use LTE SL module to generate candidate resource set, and share the candidate resource set to NR SL module. NR SL module MAC layer can select resource for NR transmission considering the shared candidate resource set from LTE module. However, to enable LTE SL module to select suitable candidate resource set according to NR SL communication requirement, necessary information on NR intended transmission needs to be shared from NR SL module to LTE SL module, including the subchannel size, priority class, delay budget, periodicity, etc. The information which shall be shared from NR SL to LTE SL must be defined in specification to avoid the undesired implementation that LTE SL cannot achieve sufficient information. Unnecessary specification impact will be introduced. The issue can be even more complicated considering that NR SL can use different periodicity from that of LTE SL. In addition, the delay would be further prolonged considering the additional latency of information sharing in-between NR and LTE. Therefore, sharing candidate resource set from LTE SL module to NR SL module shall not be further considered.

Proposal 7: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
On synchronization
For dynamic resource sharing, the subframe boundary of LTE and NR SL shall be aligned. In addition, without any further enhancement, both LTE SL synchronization resources and NR synchronization resources shall be configured in the carrier. It is undesirable to configure NR synchronization resource in the same slot of LTE SL communication resource pool, and vice versa. 

If only type A device is supported for dynamic resource sharing between NR SL and LTE SL, it shall be allowed to not configure any NR SL synchronization resource. Both type A device and LTE SL device can use LTE synchronization resource, signals and procedures to achieve synchronization. By only using the synchronization of LTE, it is more likely to have a unified synchronization cluster, and the potential collision between NR S-SSB and LTE SL communication can be avoided. In addition, NR SL module shall be able to use LTE SLSS as the synchronization source. 

Proposal 8: For dynamic resource sharing, NR SL synchronization resource is not configured in the carrier shared by LTE and NR SL

- NR SL communication can select LTE SLSS as the synchronization reference.
On the other hand, to avoid NR SL communication happen in the slots where LTE synchronization resource occupies, when counting NR SL logic slots, the slots that have time domain overlapping with LTE synchronization resources shall be precluded.

Proposal 9: NR SL logic slots shall exclude the slots which have time domain overlapping with LTE synchronization resources.
4 Conclusion

In this contribution, the issues for co-channel coexistence for LTE and NR sidelink are discussed, and our observations and proposals are given:

Observation 1: There is no backward compatibility issue if only 15KHz SCS is supported when consider only Type A devices for dynamic resource sharing.

Observation 2: the benefit of supporting higher SCS than 15KHz for dynamic resource sharing shall be further clarified.

Observation 3: Using a periodically repeating set of PSFCH slots for NR SL may not be effective when the resource is relatively congested, or when the distribution of NR devices is less dense.
Observation 4: LTE SL transmission may be impacted by NR PSFCH for a consecutive long duration if the period of LTE SL TX can divide the NR PSFCH periodicity.
Proposal 1: The working assumption in RAN1#110 on device type A shall be confirmed.
Proposal 2: For FDM based resource pool partitioning, only 15KHz SCS is considered for NR SL.

Proposal 3:  For FDM based resource pool partitioning, NR SL and LTE SL shall be synchronized

- the subframe and slot boundary of two RATs shall be aligned.

Proposal 4: For FDM based resource pool partition, if PSFCH is (pre)configured in NR SL resource pool, the time domain configuration of LTE SL resource pool shall avoid the slots that occupied by NR SL PSFCH.
Proposal 5:   NR SL with 15KHz SCS is supported for dynamic resource sharing

· FFS on option 3 for support of NR SL resource pool configured with higher SC

Proposal 6: For dynamic resource sharing, if NR PSFCH is (pre)configured, NR SL shall avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions, FFS on the following options:

· Option 1: The PSCCH/PSSCH TX UE disables HARQ-ACK feedback when the corresponding PSFCH occasion overlaps with the LTE SL transmission

· Option 2: The PSCCH/PSSCH RX UE does not transmit feedback on the PSFCH occasion that overlaps with the LTE SL transmission.

· Option 3: PSFCH resources are (pre-)configured in a TDM manner with LTE V2X resource pool.
Proposal 7: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
Proposal 8: For dynamic resource sharing, NR SL synchronization resource is not configured in the carrier shared by LTE and NR SL

- NR SL communication can select LTE SLSS as the synchronization reference.
Proposal 9: NR SL logic slots shall exclude the slots which have time domain overlapping with LTE synchronization resources.
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