[bookmark: _Hlk7194408][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #110			     R1-2207410
Toulouse, France, August 22nd – 26th, 2022

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Discussion on co-channel coexistence of LTE-SL and NR-SL
[bookmark: Source]Agenda Item:	9.4.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#109-e meeting [1], there was discussion on co-channel coexistence of LTE-SL and NR-SL. In this contribution, we share our further views on co-channel coexistence of LTE-SL and NR-SL.


2. Discussion
2.1. LTE – NR mode combination
	Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.
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).


At the last meeting, the above agreements were reached. As agreed, LTE specification is not enhanced for this topic; thus, NR UE would perform something based on LTE-SL signal. On combination of LTE-SL mode and NR-SL mode, Combination A was agreed to be considered in this agenda, and other combinations are FFS.
In our view, Combination B and Combination C should also be considered in this agenda, with the same priority as Combination A. For Combination C firstly, LTE-SL signal is not differentiated between Mode 3 and Mode 4 from NR-SL module perspective. Combination C should be considered without any differentiation with Combination A. Then for Combination B, the same mechanism as for Combination A and Combination C would be applicable, and/or some information report to gNB would be easy and beneficial for gNB scheduling. 
Observation 1:
· From NR-SL module perspective, there is no difference between Combination A and Combination C.
Proposal 1:
· For the study of co-channel coexistence solutions in Rel-18, Combination B and Combination C are considered with the same priority as Combination A.
· For Combination A and Combination C, common mechanism is studied.
· For Combination B, information report to gNB is studied.


2.2. Feasibility
	[bookmark: _Hlk111033609]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.


At the last meeting, RAN1 had discussion on assumed condition in this topic, and the following two were identified: semi-static resource pool partitioning, dynamic resource sharing. For each of them, feasibility is to be discussed in this meeting.
Firstly, we think that exact definition of each should be clarified sufficiently. ‘Semi-static resource pool partitioning’ may include a case where LTE-SL resource pool and NR-SL resource are configured separately, but they are overlapped in some time-frequency resources. In our understanding, this case should be included in rather ‘dynamic resource sharing’. The current terminologies seem a bit ambiguous; and hence, clarification agreement would be necessary so that companies have the same understanding.
Observation 2:
· Definitions of ‘semi-static resource pool partitioning’ and ‘dynamic resource sharing’ are ambiguous.
Proposal 2:
· Confirm exact meaning of the following terminologies.
· Semi-static resource pool partitioning: Configured LTE-SL resource pool and NR-SL resource pool are within the same carrier but not overlapped in time and frequency.
· Dynamic resource sharing: Configured LTE-SL resource pool and NR-SL resource pool are within the same carrier and overlapped fully or partially in time and frequency.
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	(a) Semi-static resource pool partitioning	(b) Dynamic resource sharing
Fig. 1: Assumed resource utilization.

Under the above understanding, feasibility for each is discussed below.
· Semi-static resource pool partitioning (SRPP): In our understanding, SRPP has already been discussed in Rel-16 as Rel-16 in-device coexistence. Appropriate (pre-)configurations of LTE-SL/NR-SL (e.g. the same SCS, (pre-)configuration considering PSFCH) enable SRPP. The motivation of this topic is to share the same time-frequency resources since resources available for V2X are limited. SRPP does not solve this issue; thus, further discussion on SRPP is unnecessary.
· Dynamic resource sharing (DRS): As the above agreement stated, sensing information is shared from LTE-SL module to NR-SL module in DRS. For Rel-16 in-device coexistence, RAN1 have already agreed information sharing from LTE-SL module to NR-SL module, i.e., priority information of LTE-SL and NR-SL are exchanged in Rel-16 in-device coex, which means that DRS with internal information sharing is feasible. In this approach, multiple aspects should be discussed carefully, e.g., which information is shared, processing time on sharing, details of exclusion behavior, sync and async, S-SSB/PSFCH handling.
Observation 3:
· Rel-16 in-device coexistence was discussed and specified for semi-static resource pool partitioning.
Proposal 3:
· Conclude that ‘semi-static resource pool partitioning’ has already been supported in Rel-16.
· Conclude that ‘dynamic resource sharing’ is feasible and study the following aspects:
· Which information is shared
· Processing time on sharing
· Details of exclusion behavior
· Sync and async between LTE-SL and NR-SL
· S-SSB/PSFCH handling


2.3. Device type
	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.


At the last meeting, RAN1 had lively discussion on device type considered in this agenda and as the result, it was agreed that at least device type A is considered and FFS for device type B.
In our view, device type B should also be considered in this agenda. If device type B UE is not supported, this means that all NR-SL UEs shall be equipped with LTE-SL module in order to use this resource pool. This is not good from UE-cost perspective. Alternatively, for example all RSUs are equipped with LTE-SL module and shares information on LTE-SL reservations to vehicular UEs without LTE-SL module. It would be true that this approach can maintain communication performance in the resource pool and avoid high-cost UE effectively.
One note would be that this is unlike Rel-16 in-device coexistence. In Rel-16 in-device coex, definitely each UE is equipped with both LTE-SL module and NR-SL module. Why Rel-16 in-device coex considers only the device type is, the issue to be solved is intra-UE collision. Intra-UE collision definitely occurs only in such a device type; hence UE supporting only NR-SL did not become subject of the discussion. Meanwhile, Rel-18 co-channel coex topic will solve inter-UE collision. Any device type can/should be the scope of this topic.
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Fig. 2: Device type A and device type B.
Proposal 4:
· Support device type B with the same priority as device type A.

If it is concluded that device type B is considered, how to obtain information of the other RAT becomes a big issue on this topic. For example, a possible option would be to support inter-UE coordination based on LTE-SL sensing results.
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Fig. 3: A possible option for device type B.
Proposal 5:
· If device type B is considered in Rel-18 co-channel coex, study how to obtain LTE-SL reservation information, including the following option.
· Inter-UE coordination based on LTE-SL sensing results


2.4. Details of dynamic resource sharing at device type A
· Which information is shared
[bookmark: _Hlk111040799]As abovementioned, no spec impact on LTE-SL is assumed. From this point, complicated information selection at LTE-SL module would not be preferred. Simply, LTE-SL module shares all reservation information obtained from a window [n−10×Pstep, n−1] to NR-SL module when the information sharing is triggered at subframe n, and whether each reservation information is considered or not should be handled at NR-SL module. Besides, information relevant to half-duplex slot can be shared so that corresponding slots are excluded.
Proposal 6:
· For device type A in dynamic resource sharing, when information sharing is triggered at subframe n, 
· LTE-SL module shares all reservation information with RSRP/PPPP and all half-duplex slots within a window [n−10×Pstep, n−1] to NR-SL module.

· Resource exclusion
Reservation information shared from LTE-SL includes reservations with any RSRP and any priority (PPPP). Whether corresponding NR-SL resources are excluded or not should be handled by using the RSRP/priority information. That is, resource exclusion from a set SA should be performed as the current step 6, unlike non-preferred resources of step 6b. In addition, resource exclusion from a set SA based on LTE half-duplex slot should also be performed as the current step 5.
Proposal 7:
· For device type A in dynamic resource sharing,
· NR-SL module performs resource exclusion as in step 5 and as in step 6 based on information shared from LTE-SL module.

· Sync and async between LTE-SL and NR-SL
The above exclusion behavior can work well if LTE-SL and NR-SL are synchronized, i.e., the same sync source is used. However, a case where they are asynchronized would be not rare. For example, when NR-SL uses gNB or NR-SL UE that is not synchronized with GNSS/eNB, which occurs in the current synchronization rule, NR-SL timing could not be aligned with LTE-SL timing. Solution to solve this issue should be studied. In our view, at least the following mechanisms would be the candidates:
Option A: Update synchronization mechanism in NR-SL
For example, priority of sync source relevant to LTE is prioritized compared to that relevant to NR and/or NR-SL timing is determined based on LTE-SL synchronization timing. This approach makes it ensured to have alignment between LTE-SL and NR-SL. Then, resource exclusion based on LTE-SL reservation can be defined under the assumption of the timing alignment.
Option B: Perform resource exclusion in consideration of the timing difference
When different sync sources are allowed, one LTE-SL reservation would be overlapped with multiple NR-SL time-resources. In this situation, both resources should be excluded from SA.
From these options, our preference is Option A since AGC issue remains if async is allowed.
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Fig. 4: Async between LTE-SL and NR-SL.
Observation 4:
· In current synchronization procedure, NR-SL may be asynchronized to LTE-SL.
Proposal 8:
· For dynamic resource sharing, study how to ensure synchronization between LTE-SL and NR-SL.


3. Conclusion
In this contribution, we discussed co-channel coexistence of LTE-SL and NR-SL. Observations/Proposals are summarized as following: 
Observation 1:
· From NR-SL module perspective, there is no difference between Combination A and Combination C.
Proposal 1:
· For the study of co-channel coexistence solutions in Rel-18, Combination B and Combination C are considered with the same priority as Combination A.
· For Combination A and Combination C, common mechanism is studied.
· For Combination B, information report to gNB is studied.
Observation 2:
· Definitions of ‘semi-static resource pool partitioning’ and ‘dynamic resource sharing’ are ambiguous.
Proposal 2:
· Confirm exact meaning of the following terminologies.
· Semi-static resource pool partitioning: Configured LTE-SL resource pool and NR-SL resource pool are within the same carrier but not overlapped in time and frequency.
· Dynamic resource sharing: Configured LTE-SL resource pool and NR-SL resource pool are within the same carrier and overlapped fully or partially in time and frequency.
Observation 3:
· Rel-16 in-device coexistence was discussed and specified for semi-static resource pool partitioning.
Proposal 3:
· Conclude that ‘semi-static resource pool partitioning’ has already been supported in Rel-16.
· Conclude that ‘dynamic resource sharing’ is feasible and study the following aspects:
· Which information is shared
· Processing time on sharing
· Details of exclusion behavior
· Sync and async between LTE-SL and NR-SL
· S-SSB/PSFCH handling
Proposal 4:
· Support device type B with the same priority as device type A.
Proposal 5:
· If device type B is considered in Rel-18 co-channel coex, study how to obtain LTE-SL reservation information, including the following option.
· Inter-UE coordination based on LTE-SL sensing results
Proposal 6:
· For device type A in dynamic resource sharing, when information sharing is triggered at subframe n, 
· LTE-SL module shares all reservation information with RSRP/PPPP and all half-duplex slots within a window [n−10×Pstep, n−1] to NR-SL module.
Proposal 7:
· For device type A in dynamic resource sharing,
· NR-SL module performs resource exclusion as in step 5 and as in step 6 based on information shared from LTE-SL module.
Observation 4:
· In current synchronization procedure, NR-SL may be asynchronized to LTE-SL.
Proposal 8:
· For dynamic resource sharing, study how to ensure synchronization between LTE-SL and NR-SL.


References
[1] 3GPP RAN1#109-e meeting,	chair’s notes
- 11/12 -
image3.emf
LTE-SL-related info. 

via NR-SL


image4.emf
Time (slot)

Freq

(sub

-

channel)

LTE

NR

Reservation

Conflict


image1.emf
LTE NR

LTE

NR

LTE

NR

Reservation

Reservation

Slot

Sub

-

ch

RAT

Subframe boundary 

alignment

Prioritization

Collision

TDMed pools FDMed pools

Overlapped pools

Rel-16/Rel-17

Rel-18 co-channel coex


image2.emf
NR-SL

LTE-SL

NR-SL

Device type A

Device type B

Info.


