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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:
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In this contribution, the issues and potential solutions for co-channel coexistence for LTE and NR sidelink are discussed, and our observations are given.
2 Type of devices 
In RAN1#109-e, three different types of devices are proposed for consideration in NR/LTE sidelink coexistence:

· Type A devices are R18 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 

It shall be clarified that which type(s) of devices shall be considered in the study of coexistence solutions.
First of all, for semi-static resource pool partition based solutions, both type A and type B NR devices can be considered. There seems no need to differentiate type A and type B NR devices in this case.

Proposal 1: Both type A and type B devices can be considered for studying the feasibility of semi-static resource pool partition based solutions.
In RAN1#109-e, it has been agreed to consider device type A for studying the feasibility of dynamic resource sharing. The NR SL module can use the sensing and resource reservation information shared by LTE SL module. However, it is still unclear whether type B devices should be considered.

Dynamic sharing of Type B device
If there are only type B devices and type C devices in the system, to avoid potential interference to LTE SL communication, type B device must have the capability of LTE SL sensing. That is, type B device needs to be capable of receiving LTE PSCCH and performing LTE SL-RSRP/RSSI measurement. This will greatly increase the R18 NR SL device complexity and thus is not preferred.
It has been proposed that type B device can learn the sensing result of LTE SL based on type A UE’s assistance, and thus can mitigate the interference to LTE SL. Inter-UE coordination mechanism design in Release 17 SL can be used as the baseline. However, there are the following concerns:

· Whether there exists a type A device which can provide IUC message to type B device is opportunistic; therefore, the necessity and benefit of supporting such a case needs to be further clarified;
· The interference experienced by type A device which provides IUC message and the type B device may be different; the NR communication of type B device can still produce much interference to LTE SL UEs, even when inter-UE coordination is considered.
· There is no guarantee that the IUC message from a type A device can always be correctly received by the target type B device. In addition, a type B device does not always have to take information of IUC into account. For example, a type B UE can ignore the non-preferred resource set information based on its implementation if there is no sufficient candidate resource after excluding the non-preferred resource.
· The specification complexity would be rather high if type B device are considered for dynamic sharing.

Therefore, we propose:

Proposal 2: For studying the feasibility of dynamic resource sharing, only device type A is considered.  

3 Co-channel coexistence solutions 

3.1 Semi-persistent resource pool partitioning
LTE SL resource pool and NR SL resource pool can occupy different time domain and/or frequency domain resource in a carrier. In such a case, there is no time-frequency domain overlapping between NR SL and LTE SL resource pool.
TDM based resource pool partitioning

For TDM based resource pool partitioning, LTE SL resource pool and NR SL resource pool occupy different time domain resources. No interference between the two RATs is expected. The co-channel coexistence operation can already be supported using the existing R16/17 mechanism. 
Proposal 3: TDM-based semi-static resource pool partitioning between NR and LTE sidelink can be supported using the existing R16/17 mechanism.
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 in a carrier.
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 intercarrier 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. A single LTE SL transmission may have time domain overlapping with multiple independent NR SL transmissions. The overall receiving power of LTE SL receiver on different symbols may vary significantly. The receiving performance of LTE SL could be greatly degraded. Therefore, we propose:
Proposal 4: For FDM based resource pool partitioning, only 15KHz SCS is supported for NR SL.

In addition, for FDM based resource pool partitioning, NR SL and LTE SL shall be synchronized. If the synchronization difference between NR and LTE SL is beyond the CP length, the intercarrier interference will also degrade the performance of both RATs. Furthermore, the subframe boundary of LTE SL and the 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 of both RAT.
Proposal 5:  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 PSFCH resource(s) can be 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 LTE SL reception performance will be degraded.
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 6: 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 analysed in section 2, for dynamic resource sharing, only Type A NR device needs to be considered. For Type A NR device, both LTE SL resource pool and NR SL resource pool shall be (pre)configured to 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.
To support dynamic sharing, LTE SL and NR SL shall be synchronized; otherwise the resource used by two RAT cannot be coordinated. In addition, ICI and AGC issue will prevent the two RATs to occupy the time domain overlapping resources, which degrades the resource utilization efficiency. To maintain the synchronization between NR SL and LTE SL, for type A NR device, the same synchronization source shall be selected for NR SL TX and LTE SLTX. Therefore, we propose:
Proposal 7: For dynamic resource sharing, the type A devices selects the same synchronization source for NR SL TX and LTE SL TX. 
If the synchronization source is gNB/eNB and/or GNSS, with correct (pre)configuration, synchronization between LTE and NR SL can be achieved by network implementation. However, when the synchronization source is a UE, NR SL module and the LTE SL module may select different UEs as the synchronization sources. For example, LTE SL module of a type A UE may select a LTE SL only UE as the synchronization source, while the NR SL model of the same type A UE may select another type A UE as the synchronization source. Different synchronization clusters may be created as shown in figure 2. 
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Figure 2: different synchronization cluster due to different RAT UEs

To avoid potential synchronization fragmentation, the following options can be considered:
Option 1: Type A UE uses LTE SL synchronizations for both LTE SL transmissions and NR SL transmission. In such a case, all LTE UEs and type A UEs in the same carrier will only use LTE SL synchronization signal and procedures, and thus no additional synchronization issues will be introduced by NR SL.
Option 2: If enabled, Type A UE sends both LTE SL synchronization signals and NR SL synchronization signals, synchronized with the same synchronization source. Additional priority rules may need to be defined between two RATs to be able to select the same synchronization source between NR SL and LTE SL. 
Proposal 8: For dynamic sharing, study further on solutions to unify the synchronization between LTE SL and NR SL.

For both LTE and NR SL, the resource pool is defined on the logic sidelink subframes or slots. The logic sidelink subframe/slots are defined as the subframes/slots after excluding synchronization subframes/slots, subframes/slots without enough SL resource and reserved subframe/slots. To avoid NR SL communication to interrupt LTE synchronization signals, slots occupied by LTE SL synchronization resource shall also be excluded when determining NR SL logic slots.
Proposal 9: Slots occupied by LTE SL synchronization resource shall be excluded when determining NR SL logic slots.
4 . Conclusion

In this contribution, the issues for co-channel coexistence for LTE and NR sidelink are discussed, and our observations are given:
Proposal 1: Both type A and type B devices can be considered for studying the feasibility of semi-static resource pool partition based solutions.
Proposal 2: For studying the feasibility of dynamic resource sharing, only device type A is considered.  

Proposal 3: TDM-based semi-static resource pool partitioning between NR and LTE sidelink can be supported using the existing R16/17 mechanism.
Proposal 4: For FDM based resource pool partitioning, only 15KHz SCS is supported for NR SL.

Proposal 5:  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 6: 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 7: For dynamic resource sharing, the type A devices selects the same synchronization source for NR SL TX and LTE SL TX. 
Proposal 8: For dynamic sharing, study further on solutions to unify the synchronization between LTE SL and NR SL.

Proposal 9: Slots occupied by LTE SL synchronization resource shall be excluded when determining NR SL logic slots.
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Reuse the in-device coexistence framework defined in Rel-16 as much as possible
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