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Introduction
According to the scope in the R18 WID for NR SL enhancements, the work related to LTE SL and NR SL co-channel coexistence is described as follows:
	· 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 this contribution, we will present our views on the issues about LTE SL and NR SL co-channel from the perspectives of co-channel coexistence between LTE SL mode3 and NR SL mode1, and co-channel coexistence between LTE SL mode4 and NR SL mode2. The observations and proposals are provided accordingly. 
[bookmark: OLE_LINK1]Discussions   
 Definition of co-channel coexistence between LTE SL and NR SL
Based on the discussions in the previous meetings, there are different understandings about the co-channel coexistence between LTE SL and NR SL. In order to avoid the interferences between the two systems, LTE SL and NR SL can coexist either in FDM way (e.g., in different carriers or resource pools), or in TDM way (e.g., in different subframes). However, to deploy LTE SL and NR SL on separate carriers might not be in the study scope here, regarding that the target of co-channel coexistence is enabling LTE SL and NR SL to share resources (e.g, same carriers/resource pools/subframes) as much as possible to improve the spectrum efficiency. Therefore, in our view, co-channel coexistence can be classified by the following three levels:
1) Level1: LTE SL and NR SL can coexist in same carrier, separate resource pools in frequency domain, same subframe in time domain. Note that any two resource pools in a carrier are non-overlapping in frequency domain.  
2) Level2: LTE SL and NR SL can coexist in same carrier, same resource pool in frequency domain, separate subframes semi-persistently in time domain, which means that LTE SL and NR SL are configured with different subframes.
3) Level3: LTE SL and NR SL can coexist in same carrier, same resource pool in frequency domain, same subframe in time domain. To reduce the interferences, LTE SL and NR SL can be scheduled dynamically with different sub-channels and same subframe, or same sub-channel and different subframes in in the same resource pool.
[bookmark: _Hlk102032968]Referring to DSS between LTE and NR, we think all the above three levels of co-channel coexistence should be supported to meet diverse performance requirements of V2X applications. Level1 and Level2 will experience lower interference and thus have better robust performance. Therefore, for V2X applications with stringent reliability request, LTE SL and NR SL are better deployed on different resource pools (i.e., Level1) or different subframes (i.e., Level2). Compared to Level1 and Level2, Level3 can achieve higher spectrum efficiency in sacrifice of the reliability. 
Therefore, we propose to configure resource pools supporting LTE SL and NR co-channel coexistence and resource pools not supporting LTE SL and NR SL co-channel coexistence. The configurations in the co-channel coexistence resource pools, including the configurations of subchannel and SCS for NR SL should be FFS. In the resource pool accommodating both LTE SL and NR SL, we think the subchannel configurations of LTE SL and NR SL should be the same to avoid resource fragmentation. And NR SL with SCS=15KHz, SCS=30KHz, and SCS=60KHz in FR1 can co-channel co-exist with LTE SL with SCS=15KHz. 
Observation1: Different levels of co-channel coexistence (i.e., Level1, Level2, and Level3) should be supported to meet diverse performance requirements of V2X applications
Proposal1: It is proposed to configure resource pools supporting LTE SL and NR SL co-channel coexistence and resource pools not supporting LTE SL and NR SL co-channel coexistence. FFS the configurations in the co-channel coexistence resource pool, including the configurations of subchannel and SCS for NR SL.
We note that in LTE SL resource pool, PSCCH and the corresponding PSSCH can be adjacent or non-adjacent. Therefore, for LTE SL and NR SL co-channel coexistence with Level2 and Level3, if LTE PSCCH is configured non-adjacent to the corresponding PSSCH, the resource pool for NR SL should only cover the position of PSSCH resources of LTE SL to cause less resource fragment, as shown in Fig.1.
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FIG. 1 NR SL resource pool coexisting with LTE SL with adjacent and non-adjacent PSSCH and PSCCH
Proposal2: For LTE SL and NR SL co-channel coexistence in same resource pool, if LTE PSCCH is configured non-adjacent to the corresponding PSSCH, the resource pool for NR SL should only cover the position of PSSCH resources of LTE SL to cause less resource fragment.
Moreover, the frame structure of NR SL is quite different with that of LTE SL. In NR SL, it supports SL HARQ feedback and thus PSFCH resources are configured periodically in NR SL frames. If NR SL and LTE SL coexist in same resource pool with Level2 and Level3, the subframes configured with PSFCH for NR SL may be occupied by LTE SL and then it causes negative impact to the HARQ feedback for related NR PSSCHs. The impact might not be ignored when the resources are largely semi-persistently occupied by LTE SL. Therefore, it needs to decide whether to support NR SL HARQ feedback in the resource pool coexisting with LTE SL. If supporting, a mechanism on how to avoid the negative impact on NR SL HARQ feedback from LTE SL might be necessary. 
Observation2: If NR SL and LTE SL coexist in same resource pool, the subframes configured with PSFCH for NR SL may be occupied by LTE SL and then it causes negative impact to the HARQ feedback for related NR PSSCHs.
Proposal3: FFS whether to support NR SL HARQ feedback in the resource pool coexisting with LTE SL.
Co-channel coexistence between LTE SL mode3 and NR SL mode1
There are two scenarios for the co-channel coexistence between LTE SL mode3 and NR SL mode1:
1) [bookmark: _Hlk102048400]Scenario1: Intra-base station co-channel coexistence between LTE SL and NR SL, which means that LTE SL mode3 and NR SL mode1 are scheduled by same base station, as shown in Fig.2. Regarding the cross-RAT scheduling in R16 supporting LTE eNB to schedule NR SL and NR gNB to schedule LTE SL, this scenario has two sub-scenarios:
a) Scenario1-1: LTE SL mode3 and NR SL mode1 are scheduled by same eNB.
b) Scenario1-2: LTE SL mode3 and NR SL mode1 are scheduled by same gNB.
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FIG. 2 Intra-base station co-channel coexistence between LTE SL and NR SL

2) Scenario2: Inter-base station co-channel coexistence between LTE SL and NR SL, which means that LTE SL mode3 and NR SL are scheduled by two independent base stations, respectively, as shown in Fig.3. Like Scenario1, Scenario2 also has four sub-scenarios:
a) Scenario2-1: LTE SL mode3 are scheduled by eNB and NR SL mode1 are scheduled by gNB.
b) Scenario2-2: LTE SL mode3 are scheduled by gNB and NR SL mode1 are scheduled by another gNB.
c) Scenario2-3: LTE SL mode3 are scheduled by eNB and NR SL mode1 are scheduled by another eNB.
d) Scenario2-4: LTE SL mode3 are scheduled by gNB and NR SL mode1 are scheduled by eNB.
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FIG. 3 Inter-base station co-channel coexistence between LTE SL and NR SL
We can see that for the intra-base station co-channel coexistence, the interference between LTE SL and NR SL can be avoid through allocating orthogonal resources by one base station. For inter-base station co-channel coexistence, coordination between base station scheduling LTE SL and base station scheduling NR SL is necessary in our view to reduce the transmission conflicts between LTE SL and NR SL. The coordination information may include the basic configurations of SL to enable base stations can align the configurations of the resource pool supporting co-channel coexistence, and the information indicating the channel occupation state of SL so that the base station receiving the information can avoid to use the occupied resources, like the DSS between LTE and NR.
Observation3: For inter-base station co-channel coexistence, coordination between base station scheduling LTE SL and base station scheduling NR SL is necessary to reduce the transmission conflicts between LTE SL and NR SL.
Proposal4: Support the coordination between base station scheduling LTE SL and base station scheduling NR SL, and FFS the details of coordination information.
Co-channel coexistence between LTE SL mode4 and NR SL mode2
 Depending on whether LTE SL and NR SL coexist in one device or not, we can have (1) intra-device co-channel coexistence between LTE SL mode4 and NR SL mode2, where LTE SL mode4 and NR SL mode2 are associated to same transmitting UE which is equipped with both LTE SL and NR SL capabilities, and (2) inter-device co-channel coexistence between LTE SL mode4 and NR SL mode2, where LTE SL mode4 and NR SL mode2 are associated to different transmitting UEs. 
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FIG. 4 Co-channel coexistence between LTE SL mode4 and NR SL mode2
For co-channel coexistence between LTE SL mode4 and NR SL mode2, we should first discuss whether to support this type of co-channel coexistence and which level of co-channel coexistence based on abovementioned Leve1/Level2/Level3 is to apply if supported. In our view, Level1 and Level2 will introduce less interference and can be easily to implement. As for Level3, the mutual interference between LTE mode4 and NR SL mode2 might be hard to control, especially in the case of inter-device co-channel coexistence that NR UE/ LTE UE could not be aware of the resource reservation of LTE SL/NR SL and the transmission priority of LTE SL/NR SL. Therefore, it requests new mechanism to control such interference if Level3 co-channel coexistence between LTE SL mode4 and NR SL mode2 is supported. 
For intra-device co-channel coexistence between LTE SL mode4 and NR SL mode2 with Level3, we can reuse the intra-device coexistence framework defined in R16, in which transmitting whether LTE SL or NR SL when the two channels are overlapping is based on the channel priorities. Whether the channel sensing information of LTE SL and NR SL can share between the LTE SL module and NR SL module inside a device is up to UE’s implementation in our view. 
For inter-device co-channel coexistence between LTE SL mode4 and NR SL mode2 with Level3, considering we should avoid any specification impact on LTE SL, NR SL mode2 can be enhanced to skip the resource occupied by LTE SL mode4. While the only way to enable NR SL mode2 UE to be aware of the resource reservation LTE SL mode4 and the related transmission priority is to decode SCI of LTE SL from our perspective. Otherwise, NR SL mode2 UE can only figure out the channel busy state by RSSI detecting for channel congestion control, which might not be enough to guarantee the stringent reliability requirement of NR V2X applications. 
Observation4: Whether to support co-channel coexistence between NR SL mode2 and LTE SL mode4 and which level of co-channel coexistence (i.e., Leve1/Level2/Level3) is to apply should be discussed. 
Proposal5：Determine whether to support co-channel coexistence between NR SL mode2 and LTE SL mode4 and which level of co-channel coexistence (i.e., Leve1/Level2/Level3) is to apply here.
Conclusions
In this contribution, we have presented our considerations on the issues about co-channel coexistence between NR SL and LTE SL, and put forward the following observations and proposals:

Observation1: Different levels of co-channel coexistence (i.e., Level1, Level2, and Level3) should be supported to meet diverse performance requirements of V2X applications
Proposal1: It is proposed to configure resource pools supporting LTE SL and NR SL co-channel coexistence and resource pools not supporting LTE SL and NR SL co-channel coexistence. FFS the configurations in the co-channel coexistence resource pool, including the configurations of subchannel and SCS for NR SL.
Proposal2: For LTE SL and NR SL co-channel coexistence in same resource pool, if LTE PSCCH is configured non-adjacent to the corresponding PSSCH, the resource pool for NR SL should only cover the position of PSSCH resources of LTE SL to cause less resource fragment.
Observation2: If NR SL and LTE SL coexist in same resource pool, the subframes configured with PSFCH for NR SL may be occupied by LTE SL and then it causes negative impact to the HARQ feedback for related NR PSSCHs.
Proposal3: FFS whether to support NR SL HARQ feedback in the resource pool coexisting with LTE SL.
Observation3: For inter-base station co-channel coexistence, coordination between base station scheduling LTE SL and base station scheduling NR SL is necessary to reduce the transmission conflicts between LTE SL and NR SL.
Proposal4: Support the coordination between base station scheduling LTE SL and base station scheduling NR SL, and FFS the details of coordination information.
Observation4: Whether to support co-channel coexistence between NR SL mode2 and LTE SL mode4 and which level of co-channel coexistence (i.e., Leve1/Level2/Level3) is to apply should be discussed. 
Proposal5：Determine whether to support co-channel coexistence between NR SL mode2 and LTE SL mode4 and which level of co-channel coexistence (i.e., Leve1/Level2/Level3) is to apply here.
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