



3GPP TSG RAN WG1 #110bis-e										   R1-2209150
[bookmark: _GoBack]E-Meeting, Oct 10th – 19th, 2022 

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agenda Item:	9.4.2
Source: 	NEC
Title:	Co-existence between LTE Sidelink and NR Sidelink
Document for:	Discussion/Decision
1. Introduction
According to the discussion of co-channel co-existence of LTE sidelink and NR sidelink, relevant agreements are achieved as follows [1]~[2]. Additionally, some basic settings for sidelink co-existence lead to intense discussion but no consensus has been achieved. In this contribution, further analyses and views on the issues are presented.
	RAN1 #109-e meeting:
· For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.
· 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).
· Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.
· 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.

RAN1 #110 meeting:
Working assumption
· Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.
Conclusion
· For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated
Agreement
· For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.


2. Discussion
2.1. [bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]Basic Settings for SL Co-existence
To analyze sidelink co-existence between LTE sidelink and NR sidelink, a clear definition of the shared resources or resource pool(s) should be defined, the following solutions may be considered for sidelink co-existence:
· Solution A: TDM based co-channel coexistence – Separate resource pools for LTE SL and NR SL in the same channel or band, configured over different time slots.
· Solution B: FDM based co-channel coexistence – Separate resource pools for LTE SL and NR SL in the same time slots, configured over different channels or bands.
· Solution C: Dynamic co-channel coexistence – Same resource pool for LTE SL and NR SL, sharing resources across time and frequency.
Discussion and basic conclusion related to solution A is carried out during the last meeting, and the understanding of solutions B and C needs further clarification and decision.
As shown in Figure 1, solution B means that different RBs on the same slots/subframes are used for the two RATs. The specific details of a co-existence scheme based on FDM resource pools have no thorough discussion.  
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[bookmark: _Ref109205724]Figure 1 Solution B: FDM resource pools for LTE sidelink and NR sidelink
For dynamic co-existence, there may be several resource overlapping cases as shown in Figure 2. With case (a), LTE sidelink resource pool is partially overlapping with NR sidelink resource pool in the time domain, i.e., part of the subframes within the LTE sidelink are overlapped with slots of NR sidelink, and it is full overlapping in the frequency domain for the two RATs. In case (b), part of the RBs of the LTE sidelink resource pool are overlapped with NR sidelink resource pool while subframes/slots allocation for the two RATs is the same, i.e., it is full overlapping in the time domain and partial overlapping in the frequency domain of the two RATs. Besides case (a) and (b), an example of a whole shared resource pool for LTE sidelink and NR sidelink is shown in case (c), which includes the same slots/subframe and RBs for both the LTE sidelink and NR sidelink. 
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[bookmark: _Ref109208578]Figure 2 Cases for TDM + FDM resource pools for LTE sidelink and NR sidelink
Case (c), i.e., solution C, shows a simple resource allocation for co-existence that a whole resource pool is configured as sharing resources for both LTE sidelink and NR sidelink, i.e., all the slots/subframes and RBs used for the two RATs are the same. Accordingly, the co-existence scheme should be designed within the shared resource pool.
On the other hand, based on the resource sharing case (a) and case (b), the co-existence scheme may lead to different operations between the overlapping resources and non-overlapping resources. For example, based on an NR sidelink resource pool as shown in case (a), an NR UE should use a co-existence scheme on the overlapping slots to avoid impact on LTE sidelink, while the legacy NR sidelink scheme can be used on the non-overlapping slots. In a word, UE may perform different operations within a single NR sidelink resource pool, and extra complexity would be introduced for sidelink co-existence discussion.
Considering the complexity, we prefer to clarify that solution C for dynamic co-existence should be discussed based on the full overlapping resource pool of the two RATs, i.e., resource pool level sharing should be used for LTE sidelink and NR sidelink.    
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Furthermore, as resource pool level sharing is used for dynamic co-existence discussion, 15 kHz SCS should be configured for the shared resource pool for both LTE sidelink and NR sidelink, and it may also benefit sidelink channel resources determination and resource assignment within the shared resource pool. 
In the time domain, as a full subframe is used as sidelink resources in an LTE resource pool, all the symbols in the slot within a shared resource pool should be used as NR sidelink symbols to avoid impact on LTE sidelink. Meanwhile, as shown in Figure 3, if PSFCH resources are configured in the shared resource pool for NR sidelink, it may cause an additional AGC issue before the PSFCH symbol and lead to an inevitable impact on LTE sidelink UEs. Therefore, we prefer to not support PSFCH in a shared resource pool. 
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[bookmark: _Ref109217764]Figure 3 PSFCH impact on LTE sidelink
Additionally, similar limitations should be set for solution B since LTE UE and NR UE may use the same subframe/slot to perform sidelink transmission and receiving, including using 15 kHz, full slot and no PSFCH configured.
Based on the above analysis, we prefer to use the basic settings for sidelink co-existence: 
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Regarding the operation mode combinations listed as follows, there is an initial agreement that combination A is considered with high priority, while whether/how to support combinations B and C has no consensus. 
· Combination A: Mode 2 NR SL + Mode 4 LTE SL
· Combination B: Mode 1 NR SL + Mode 4 LTE SL
· Combination C: Mode 2 NR SL + Mode 3 LTE SL
In general, compared with combination A which may be more broadly deployed, it is less required to configure centralized scheduling and self-organized modes in a single resource pool. In Rel-16/17 NR sidelink, it is not supported to use mode 1 and mode 2 schemes simultaneously within a resource pool. Therefore, it is preferred to focus on the discussion for combination A in this stage, and not to support combinations B and C for sidelink co-existence.
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2.2. UE Types and Co-existence Schemes 
Two types of NR sidelink UE are closely associated with the co-existence solutions. 
· Type A: UEs with dual LTE SL and NR SL modules
· Type B: UEs with only NR SL modules
The sidelink co-existence solution A (TDM resource pools for the two RATs) and solution B (FDM resource pools for the two RATs) can provide semi-static dedicated resource pools for the two RATs respectively. Accordingly, both type A and type B UEs can work in a dedicated NR sidelink resource pool with its NR SL module. In other words, solution A or B can be easily used by the two types of UEs, and there is no impact on LTE sidelink. Besides, it requires limited standard work of NR sidelink and most of the relevant issues can be solved by UE implementation. 
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Regarding solution C, a shared resource pool is used for both LTE sidelink and NR sidelink, NR sidelink UE needs to select resources for its transmission while avoiding potential impact on LTE sidelink UEs as much as possible, and it requires sensing information on LTE sidelink. 
As type B UE without LTE SL module, it cannot perform sensing on LTE sidelink on its own, and it is hard to work in a shared resource pool. On the other hand, type A UE can exchange information between the two modules, such as providing sensing results on LTE sidelink from the LTE SL module to the NR module. Specifically, a type A UE should consider the situation of NR sidelink as well as the sensing result of LTE sidelink, and further determines the resource in the shared resource pool for its transmission.
1. [bookmark: _Toc109144380][bookmark: _Toc109144386][bookmark: _Toc109144392][bookmark: _Toc109144728][bookmark: _Toc109144741][bookmark: _Toc109146248][bookmark: _Toc109146258][bookmark: _Toc109146445][bookmark: _Toc109220609][bookmark: _Toc109223903][bookmark: _Toc109225961][bookmark: _Toc109227574][bookmark: _Toc109227803][bookmark: _Toc109227814][bookmark: _Toc109228357][bookmark: _Toc109228368][bookmark: _Toc109229158][bookmark: _Toc109229251][bookmark: _Toc109229347][bookmark: _Toc109229371][bookmark: _Toc109229382][bookmark: _Toc110858556][bookmark: _Toc110858567][bookmark: _Toc110858578][bookmark: _Toc110858935][bookmark: _Toc110858946][bookmark: _Toc110860257][bookmark: _Toc110860267][bookmark: _Toc110860277][bookmark: _Toc110860512][bookmark: _Toc110860522][bookmark: _Toc110860678][bookmark: _Toc110860709][bookmark: _Toc111104778][bookmark: _Toc111104788][bookmark: _Toc111104957][bookmark: _Toc111106112][bookmark: _Toc113267746][bookmark: _Toc113267756][bookmark: _Toc113268315][bookmark: _Toc113268325][bookmark: _Toc113268934][bookmark: _Toc113268944][bookmark: _Toc113268991][bookmark: _Toc113269001][bookmark: _Toc113269098][bookmark: _Toc113269108][bookmark: _Toc113269124][bookmark: _Toc113269134][bookmark: _Toc113269144][bookmark: _Toc113269197][bookmark: _Toc113269207][bookmark: _Toc114650501][bookmark: _Toc114650511][bookmark: _Toc115164055][bookmark: _Toc115164065][bookmark: _Toc115165134]Confirm the WA in the last meeting, i.e., Type A UE (with LTE SL and NR SL modules) should be considered to work in solution C (shared resource pool for the two RATs).
3. Conclusion
In this contribution, some basic settings for sidelink co-channel co-existence and the relationship between UE types and co-existence solutions are discussed, and the relevant observations and proposals are listed as follows:
Observation 1:	In the case that an LTE sidelink resource pool and an NR sidelink resource pool are partially overlapped, extra complexity may be introduced for the discussion of sidelink co-existence.
Observation 2:	Both type A UE (with LTE SL and NR SL modules) and type B UE (with NR SL module only) can work in SL co-existence solution A (TDM resource pools for the two RATs) and solution B (FDM resource pools for the two RATs).

Proposal 1:	Dynamic co-existence should be discussed based on resource pool level sharing, i.e., solution C, a resource pool should be configured for both the two RATs as a whole.
Proposal 2:	For both solution B (FDM resource pools for the two RATs) and solution C (shared resource pool for the two RATs), the following basic settings should be used for NR sidelink:
−	fixed to 15kHz (higher SCS is not supported);
−	all symbols in a slot used as sidelink symbols;
−	PSFCH is not supported;
Proposal 3:	Combination B (NR mode 1 and LTE mode 4) and combination C (NR mode 2 and LTE mode 1) are not supported for sidelink co-existence.
Proposal 4:	SL co-existence solution A (TDM resource pools for the two RATs) and solution B (FDM resource pools for the two RATs) should be used as basic schemes for both type A UE (with LTE SL and NR SL modules) and type B UE (with NR SL module only).
Proposal 5:	Confirm the WA in the last meeting, i.e., Type A UE (with LTE SL and NR SL modules) should be considered to work in solution C (shared resource pool for the two RATs).
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