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Introduction

In RAN1#109-e meeting, RAN1 has made the following agreements [1]:

	Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.

Agreement
For co-channel coexistence in Rel-18, Rel-16/17 simulation assumptions are reused for evaluation of solutions, except for the UE dropping model.
· FFS: UE dropping model

Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.
· FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).

Agreement
For evaluation of co-channel coexistence solutions in Rel-18, support the inclusion of dual module devices with NR+LTE modules using the following UE dropping models: 
· UE Dropping Model A: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is modified by doubling the time in the upper limit, resulting in max{2 meter, an exponential random variable with the average of the speed * 4sec}.
· UE Dropping Model B: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is maintained the same as current assumptions, i.e., max{2 meter, an exponential random variable with the average of the speed * 2sec}.
Companies should mention the UE dropping model and the distribution of each device type (single/dual module) used in their simulation assumptions.

Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.

Agreement
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 
· For device type A, the NR SL module uses the sensing and resource reservation information shared by the LTE SL module.
· FFS details on how the NR SL module uses this information.
· FFS details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.
· FFS: Whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL.
· FFS: Whether/how device type B should be supported.



We will analysis and discuss our views on sidelink co-channel coexistence in this contribution.
Discussion

For the dedicated ITS spectrum in 5.9GHz band, the amount of available bandwidth for cellular-V2X services is very scarce. In order to share this very limited spectrum resource to support both LTE V2X basic safety transmission and advanced NR V2X service, coexistence mechanism between LTE sidelink and NR sidelink has been agreed to study and identify.  

In Rel-16 IDC (In-device coexistence) mechanism, semi static resource pool separation between two RATs and priority regulations have been approved for non co-channel coexistence. In Rel-18, for supporting automotive industry, 5GAA has proposed co-channel co-existence as high priority topic. Traffic collision will frequently happen when LTE sidelink service and NR sidelink service happened in the co-channel, the previous dropping behaviour will seriously impact the sidelink service performance. And for more and more NR sidelink vehicles on the road, sharing the LTE V2X channels can increase the spectrum usage efficiency and enhance reliability of NR sidelink. 

Study the feasibility of dynamic information sharing to dynamically allocate non-overlapped resource to LTE sidelink and NR sidelink has been agreed in RAN1#109 meeting. The details of this dynamic information sharing still need to be discussed, in this contribution, we discuss the details of dynamic information sharing scheme.

TDM Dynamic Information Sharing Scheme
  
In Rel-16 IDC (In-device coexistence) TDM mechanism, long term time-scale coordination has been agreed. Non-overlapping (in time domain) resource pools are (pre-)configured for NR sidelink and LTE sidelink, there is no information is exchanged between LTE and NR sidelink within UE. Although this solution is feasible, it may have impact on latency, reliability and data rate requirement in some applications. Then short term time-scale coordination has been approved which in the context of LTE sidelink and NR sidelink can exchange information (e.g., packet priority) prior to the time of transmission and reception. When collision happened, UE will use priority regulations to determine which RAT’s packet can be transmitted/received and drop the low priority RAT’s packet.

In Rel-18 sidelink, short term time-scale is more suitable for co-channel coexistence and some improvements are needed to decrease the impact caused by dropping behaviour. Dynamic information sharing scheme can try to avoid the transmission or reception overlapping in advance. In general case, the following two scenarios need to be analysis for dynamic coexistence scheme:

Scenario 1: LTE sidelink and NR sidelink exchange coordination information without network
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Scenario 2: LTE sidelink and NR sidelink exchange coordination information with network     
[bookmark: OLE_LINK1]Scenario 1: LTE sidelink and NR sidelink have coordination information exchange procedure without network

When sidelink UE is out of coverage, information exchange between LTE RAT and NR RAT can assist sidelink UE to allocate non-overlapping resource to LTE sidelink and NR sidelink. Once LTE sidelink and NR sidelink co-exist in the same channel, UE’s NR sidelink RAT need to know the resource allocation form its LTE RAT and other Sidelink UE’s NR RAT. 

As illustrated in figure 1, UE’s LTE RAT will send its own LTE sidelink resource allocation to its NR RAT using coordination message 1. 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 RAT’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. 
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Figure1 Coordination information exchange between UE(s)

Proposal 1: Reuse inter-UE coordination scheme to exchange LTE/NR sidelink resource allocation information.

After UE1 obtains the resource usage from its LTE RAT and other UE’s coordination information. UE1 exclude those resource from its NR sidelink candidate resource set in resource (re-)selection procedure. The candidate resource set can be constructed by LTE dedicated sidelink channel and NR dedicated sidelink channel. 

As illustrated in figure2, UE1 has LTE dedicated resource pool and NR dedicated resource pool. UE1’s LTE RAT will reports its LTE sidelink resource allocation information to its NR RAT dynamically or periodically. When NR sidelink packet arrive at UE1, UE1 will select resource for TB2 at first on NR dedicated channel. Once UE1’s LTE sidelink and NR sidelink resource allocation collision happened, and no non-overlapping resource can be found in NR dedicated resource pool. UE1 will select resource for TB2 from the candidate resource set contained LTE dedicated resource pool. As UE1 knows the other UE’s LTE sidelink resource allocation, UE1 can avoid the collision with its own LTE sidelink and other UE’s LTE sidelink in LTE dedicated sidelink resource pool simultaneously.   
[image: ]
Figure2 Resource selection between LTE and NR sidelink channels
Observation1: Exchange information dynamically and periodically between UE’s LTE RAT and NR RAT is supported for co-channel coexistence.
Proposal 2: NR sidelink will use its dedicated resource pool at first and then (re-)select resource in LTE sidelink dedicated resource pool when collision happened.
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When the sidelink UE is in the coverage, network involved dynamic coexistence scheme can coordinate and allocate non-overlapping resource for sidelink UE’s LTE RAT and NR RAT. There are two deployment scenarios:

(1) UE in the coverage of LTE base station
When UE is in the coverage of LTE base station, eNB knows the LTE sidelink resource usage and assists to allocate usable resource in LTE sidelink channels for NR sidelink to LTE RAT. LTE RAT will transmit this resource allocation information to its NR RAT. When NR RAT find transmission and/or reception overlap with LTE RAT, NR sidelink can use this resource allocation grant. 

(2) UE in the coverage of NR base station
When UE is in the coverage of NR base station, UE can report coexistence issues and/or its LTE sidelink resource allocation and other NR UEs’ LTE sidelink resource allocation to gNB. gNB will allocate non-overlapping resource to NR sidelink UE.

Observation2: NR sidelink UE can get non-overlapping resource allocation information from its LTE RAT.

Proposal 3: NR Sidelink UE can inform coexistence issues to network and provide assistant information to network.
Conclusion
Observation1: Exchange information dynamically and periodically between UE’s LTE RAT and NR RAT is supported for co-channel coexistence.
Observation2: NR sidelink UE can get non-overlapping resource allocation information from its LTE RAT.
Proposal 1: Reuse inter-UE coordination scheme to exchange LTE/NR sidelink resource allocation information.
Proposal 2: NR sidelink will use its dedicated resource pool at first and then (re-)select resource in LTE sidelink dedicated resource pool when collision happened.
Proposal 3: NR Sidelink UE can inform coexistence issues to network and provide assistant information to network.
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