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1 Introduction

In RAN#95-e meeting, a new WID on evolution of NR SL 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 RAN#99 meeting, further RAN guidance is included in the WID on coexistence [4]:

	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

· RAN1 is tasked to support only 15 and 30 kHz SCSs for dynamic resource pool sharing. Existing RAN1 agreements for dynamic resource pool sharing apply to support of 30 kHz.

· For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer

· No change to the R16/17 resource allocation procedure in PHY due to this restriction

· The existing SL slot structure from Rel-16 is unchanged

· The starting symbol of the first of the overlapping NR SL slots is assumed to be aligned with the first symbol of the LTE SL subframe

· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain

· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.

· Mode 2 operation only


In this contribution, we continue the discussion on the issues and potential solutions for co-channel coexistence for LTE and NR sidelink.
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.

3.2.1 On Higher SCS than 15KHz

In RAN1#112bis-e meeting, the following agreement was made to following RAN guidance for NR SL transmissions of 30KHz SCS with dynamic resource sharing [5]. 

	Agreement
When the same TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, it is up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe according to RAN#99’s agreement for NR PSCCH/PSSCH transmissions of 30kHz SCS with dynamic resource pool sharing

· FFS: whether/how to differently handle the case when different TBs are transmitted on the NR SL slots overlapping with the LTE SL subframe and the NR SL transmission in the first overlapping NR SL slot is dropped or reselected.


Some companies proposed that the UE behavior shall be defined for avoiding transmissions in the subsequent slot, especially when the TB to be transmitted in this subsequent slot is different and has higher priority from the first slot. From our point of view, there is no issue of leaving it to UE implementation and thus further optimization is not needed.
In addition, the following agreement is made for NR SL transmission of 30KHz SCS with dynamic resource pool sharing. 

	Agreement
For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
· Note: How to ensure the above condition is up to UE implementation

· FFS on whether same or different frequency allocation may be used in the second overlapping slot


Some companies proposed that the same frequency allocation in both NR SL slots overlapping with a LTE subframe shall be ensured, otherwise AGC issue may still happen due to different power control and frequency selective channel. However, the FFS bullet can be a potential implementation which has been included in the note. Therefore, there is no need to consider the potential enhancement for further optimization anymore.
Based on the above discussion, we propose:
Proposal 5: Further enhancement is not need to support 30KHz SCS for dynamic resource sharing.
3.2.2 On NR PSFCH
In RAN#99 [4], additional guidance has been provided and captured in the latest WID:

	· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain

· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.


In RAN1#112bis meeting, the following working assumption has been made on support NR PSFCH for dynamic resource pool sharing:

	Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Down-selection one of followings:
· Option 1: 

· When the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission

· The list of the above initial SL RSRP thresholds is separately (pre)configured

· FFS: whether this initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources 

· For determining the LTE SL periodic reserved resources by other LTE SL UE, 

· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE

· The PHY layer of NR SL module applies the above procedure in Step 6 in Section 8.1.4 of TS 38.214

· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE and the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold according to condition c in Step 6 in Section 8.1.4 of TS 38.214

· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module

· Option 2: 

· For determining the LTE SL periodic reserved resources by other LTE SL UE, 

· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE

· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214

· FFS: whether to apply the above procedure based on the priority of the LTE SL reserved resources and/or the priority of the NR SL transmission

· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE in time domain according to Step 5 in Section 8.1.4 of TS 38.214.

· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module




The difference between option 1 and option 2 is on whether LTE SL RSRP shall be considered when excludes NR candidate resource due to overlapping of NR PSFCH and LTE SL reservation(s). The reason to exclude NR candidate resource is to avoid potential AGC issue due to receiving power increase by NR PSFCH transmissions. NR PSFCHs transmissions are FDMed in the same OFDM symbols in a slot, therefore, the receiving power of NR PSFCH by a LTE SL UE would be the sum of all NR PSFCHs. As the bandwidth of NR SL transmissions can be flexible, it would be difficult to estimate how many NR PSFCHs would be transmitted in a slot. It will be very difficult to set the SL-RSRP threshold to avoid AGC issue caused by NR PSFCH transmission(s). 
In addition, the LTE SL-RSRP measurement is achieved by NR SL PSCCH/PSSCH transmission UE, but not the NR UE which transmits the PSFCH. If option 1 is applied, the risk of interference to LTE SL transmission due to AGC issue will be further increased.

Therefore, Option 2 is more preferred which is more aligned to the principle of RAN guidance. Further optimization of introducing S-RSRP threshold for LTE SL reservation may not have benefit but potentially degrades the LTE SL receiving performance. We propose:

Proposal 6: For NR SL resource (re)selection in dynamic resource sharing, the candidate single slot resources in slots where the corresponding PSFCH occasions overlaps with LTE SL reservation in time domain shall be excluded.
3.2.3 On detailed procedure of NR resource (re)selection
In RAN1#112bis-e meeting, the following agreement is made:

	Agreement 
In NR SL resource (re)selection procedure, for dynamic resource pool sharing, the list of initial SL RSRP thresholds is separately (pre)configured (i.e., Alt 3 in the agreement of RAN1#112 meeting) for the PHY layer of NR SL module to exclude NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE.
· FFS: whether a different initial SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH.




Some companies proposed to configure separate SL RSRP threshold for selecting candidate resource in NR SL slots with PSFCH and without PSFCH. From our point of view, the benefit of such enhancement is not clear as NR SL UE will avoid selecting PSCCH/PSSCH transmissions with corresponding PSFCH overlapping with LTE SL reservation. The proposed solution may cause uneven interference in NR SL slots with PSFCH and without PSFCH, which may degrade NR SL performance.  
Proposal 7: Do not support a different initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH.
3.2.4 Timeline

The interference avoidance between NR SL transmissions and LTE SL transmissions depends on the information shared from LTE SL module. Therefore, sufficient and timely information sharing would be important. 

In RAN1#112bis-e, the following agreement was made:

	Agreement
The NR SL module uses the information from the starting LTE SL subframe to the ending LTE SL subframe in the shared information from the LTE SL module.
· The starting LTE SL subframe is no later than the time (n-T_start)
· n is the time where NR module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214
· Down-selection one of followings for T_start:
· Option 1-1: T_start is T_0 as defined in clause 8.1.4 of TS 38.214

· Option 1-2: T_start is 1100ms
· Option 1-3: T_start is up to UE implementation
· The ending LTE SL subframe is no earlier than the time (n-T_valid2)

· Down-selection one of followings for T_valid2:
· Option 2-1: T_valid2 is T
· Option 2-2: T_valid2 <= T+4ms
· Option 2-3: T_valid2 is up to UE implementation



NR SL resource selection shall consider all the LTE reservations which may have time-frequency domain overlapping with NR candidate resources, and which may have time domain overlapping with NR PSFCH resource. The value of T_start shall be determined so that at least LTE SL sensing window is covered. It shall be noted that a NR SL TX UE can reduce the number of precluded candidate resources to have more available candidate resource by setting a smaller value of T_start. If T_start is up to UE implementation (option 1-3), from a TX UE perspective, it can achieve more scheduling flexibility by reducing the value of T_start. However, this will increase the overall interference between NR SL communication and LTE SL communication, which reduce the overall performance of both LTE and NR SL system. Therefore, it is preferred to set a minimum value of T_start in the specification.
If option 1-1 is selected, the value of T_start can be 100ms when T_0 is (pre)configured to be 100ms. The reason why T_0 can be set as 100ms is because that a NR SL resource pool can be (pre)configured to not support periodic SL transmissions. In such a case, a sensing window of 100ms would be enough as the maximum timing gap between an aperiodic reservation and the current transmission will be 32 logic SL slots. However, the sensing window of LTE V2X is fixed to 1000ms, and periodic SL reservation is always supported for LTE V2X. If NR SL sensing window T_0 is set to be 100ms and option 1-1 is applied, the T_start will be set to 100ms as well. A lot of LTE SL periodic reservations sensed in LTE sensing window will be ignored, as illustrated in the Figure2. Both LTE and NR SL performance will be severely impacted due to collisions between LTE SL reservations and NR transmissions, which shall not be allowed by the specification.
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Figure 2. Illustration of LTE SL reservation not used by NR SL if T_start is 100ms
For option 1-1, it has been argued that a reasonable NW implementation will not set NR SL sensing window T_0 =100ms, even when only aperiodic SL reservation is supported in the resource pool. However, this NW implementation is only reasonable from the perspective of NR/LTE coexistence, but is not reasonable from the perspective of NR SL sensing based resource (re)selection. Note that NR SL module must keep all sensing results in the sensing window for potential resource selection, which unnecessarily increase NR SL module complexity.

It was also proposed that setting T_start =100ms may be beneficial when all the LTE SL reservation period supported in a LTE SL resource pool is less than 100ms. However, LTE SL sensing window size is independent of the set of reservation periodicities supported in the pool. In addition, it is not a practical configuration to set all the LTE SL reservation periods in a pool to be less than 100ms. The set of reservation periodicities that can be supported in LTE V2X is {20, 50, 100, …, 200,1000}ms. For most basic safety V2X applications. the periodicity will be equal to or more than 100ms. 

Based on the above discussion, only option 1-2 shall be supported for determining the value of T_start. Therefore, we propose:
Proposal 8: T_start is 1100ms (option 1-2)
For the value of T_valid2, the delay of LTE processing on sensing shall be taken into consideration. Therefore, option 2-2 is more preferred. 
Proposal 9: T_valid2 <= T+4ms (option 2-2)
3.2.5 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 10: 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 11: 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 proposals are given:
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: Further enhancement is not need to support 30KHz SCS for dynamic resource sharing.

Proposal 6: For NR SL resource (re)selection in dynamic resource sharing, the candidate single slot resources in slots where the corresponding PSFCH occasions overlaps with LTE SL reservation in time domain shall be excluded.
Proposal 7: Do not support a different initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH.
Proposal 8: T_start is 1100ms (option 1-2)
Proposal 9: T_valid2 <= T+4ms (option 2-2)
Proposal 10: 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 11: NR SL logic slots shall exclude the slots which have time domain overlapping with LTE synchronization resources.
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