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Introduction
According to the WID agreed in RAN#97[1], the objective of co-channel coexistence for LTE sidelink and NR sidelink is 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
· 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 RAN1#111 e-meeting, RAN1 has made the following agreements [2]:

	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE

Agreement
For dynamic resource pool sharing, the NR SL module uses the information shared by the LTE SL module to the NR SL module to determine the set of resources for its own transmission.
· FFS: which layer carries out the resource determination: PHY layer or MAC layer.

Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
In the next meeting strive to decide between the two alternatives

Agreement
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed



We will analysis and discuss our views on sidelink co-channel coexistence in this contribution.
Discussion on remaining issues of information sharing in dynamic co-channel coexistence

Study the feasibility of dynamic information sharing to allocate non-overlapped resource to LTE sidelink and NR sidelink has been agreed in RAN1#109 meeting. Details of information exchange between LTE module and NR module to assist NR module to dynamically allocate resource still need to be further studied. Thus, we will analysis the remaining issues about details of information sharing between LTE module and NR module in this chapter. 

As illustrated in figure 1, UE’s LTE module will send LTE sidelink resource allocation to its NR module using coordination message 1. The coordination message1 contains the information to assist NR module to select candidate resources, like the time and frequency locations, resource reservation period, transmission priority used for its own LTE transmission and other LTE UEs’ transmission by decoding other LTE UE’s SCI, its own LTE logical subframe related information and no monitored slots by LTE module due to the half-duplex subframes.  

Besides coordination message1, when LTE sidelink and NR sidelink can coexist in the co-channel, UE1 needs to know all the other LTE sidelink and NR sidelink resource usage for its own NR sidelink resource (re-)selection through coordination message2. Though UE1 knows part of the other UE’s LTE resource allocation information form its own LTE module’s sensing behaviour, half-duplex and hidden node, exposed node problem are still exist and will cause UE1 can’t obtain enough LTE channel resource usage information. As NR sidelink UE will occupy LTE sidelink channel, we need very carefully assign LTE sidelink channel to NR sidelink service. Rel-17 sidelink supports inter-UE coordination scheme for resource allocation transmission to overcome the half-duplex, hidden node, exposed node problem, we can reuse this inter-UE coordination scheme to transmit coordination message2. Coordination message2 contains other UE’s LTE sidelink and NR sidelink resource allocation information. 

After NR module receive that assistant information, NR module can exclude the identified resource from its own candidate resource set.
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Figure1 Coordination information exchange between UE(s)

Proposal 1: LTE module can provide following assistant information to its NR module and the NR module will exclude the identified resource from its own candidate resource set after receiving this assistant information.
· Time and frequency locations, resource reservation period, transmission priority used for its own LTE transmission and other LTE UEs’ transmission by decoding other LTE UE’s SCI. 
· LTE module’s logical subframe related information
· No monitored slots by LTE module due to the half-duplex subframes  
Proposal 2: Reuse inter-UE coordination scheme to exchange LTE/NR sidelink resource allocation information.

Challenges faced by dynamic co-channel coexistence

After coordination information exchange procedure, NR SL UE obtains the resource usage in dynamically coexistent resource pool. However, some challenges in dynamically coexistent resource sharing still need to be solved, especially AGC issue caused by different SCS configuration between LTE SL and NR SL. As NR sidelink can be configured with multiple numerologies and higher SCS can reduce the communication latency, support different SCS in dynamically coexistent resource pool is beneficial for LTE sidelink coexist with NR sidelink. Another challenge is transmission collision between LTE SL transmission and NR PSFCH transmission. We will discuss those challenges in this section.

· NR SL using higher SCS than LTE SL

If NR SL applies a different SCS with LTE SL in a dynamically coexistent resource pool, the higher SCS configuration for NR SL will degrade the LTE RX transmission performance. For instance, in Figure 2, NR SL applies 30kHz SCS while LTE SL applies 15kHz. That means 2 NR SL slots corresponding to one LTE SL slot. In this case, the LTE SL UE performs the AGC adjustment in the start half of the LTE Tx1 slot as there is no NR SL transmission, when NR SL transmission happened in the second half of LTE slot, this LTE SL AGC’s gain is not suitable for LTE transmission receiving. 

This can be solved by NR SL UE select NR transmission slots in consecutive slots, like LTE SL transmission happened in LTE Tx2, once NR SL UE select 2 consecutive slots NR Tx3 and Tx4, LTE SL UE can get the accurate AGC adjustment.
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Figure 2 NR SL using higher SCS than 15kHz

Proposal 3: Different SCS configuration between LTE sidelink and NR sidelink in dynamically coexistent resource pool need to be supported.
· NR SL UE can select resource in consecutive slots depending on the SCS configuration to avoid the AGC issue.
· NR SL PSFCH configuration

NR sidelink support HARQ feedback in unicast and groupcast and ACK/NACK information is carried by PSFCH which periodically happened in the NR sidelink slot. LTE SL transmission will overlap with NR SL PSFCH and this will degrade the LTE SL performance. The simple way to solve this issue is that NR SL UE get the LTE transmission information from its LTE module (Type A device) or from inter-UE coordination scheme (Type B device) and avoid the PSFCH and related PSSCH transmission in the same slots with LTE SL.

Proposal 4: NR SL UE can avoid the PSFCH/PSCCH transmission in the same time slots with LTE SL transmission through intra/inter-UE coordination.

Conclusion

Proposal 1: LTE module can provide following assistant information to its NR module and the NR module will exclude the identified resource from its own candidate resource set after receiving this assistant information.
· Time and frequency locations, resource reservation period, transmission priority used for its own LTE transmission and other LTE UEs’ transmission by decoding other LTE UE’s SCI. 
· LTE module’s logical subframe related information
· No monitored slots by LTE module due to the half-duplex subframes
Proposal 2: Reuse inter-UE coordination scheme to exchange LTE/NR sidelink resource allocation information.
Proposal 3: Different SCS configuration between LTE sidelink and NR sidelink in dynamically coexistent resource pool need to be supported.
· NR SL UE can select resource in consecutive slots depending on the SCS configuration to avoid the AGC issue.

Proposal 4: NR SL UE can avoid the PSFCH/PSCCH transmission in the same time slots with LTE SL transmission through intra/inter-UE coordination.
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