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Introduction
The Rel-18 NR Sidelink evolution WID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives is to study and specify the mechanisms(s) for co-channel coexistence for LTE sidelink and NR sidelink. The following highlighted WID objectives were outlined to support the discussion:
	4. 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 3GPP RAN1#109e and RAN1#110 following agreements are achieved on co-channel coexistence between LTE and NR sidelink.

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.
 
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.

In this contribution we provide our views on the co-channel coexistence for LTE sidelink and NR sidelink.
Discussion 
· Types of devices to be considered
In last RAN1 meeting type-A device which is equipped with both LTE SL and NR SL modules was agreed to be supported for co-channel coexistence between LTE and NR sidelink, and there is a FFS on whether/how to support type-B device which is only with NR SL module. We think that type-B device is important for future commercial scenario considering the eventual transition from LTE-V2X to NR-V2X.For type-B device there is no LTE SL module, so it could not perform sensing of LTE’s reservation to avoid the resource collision reserved by LTE sidelink. For dynamic resource sharing the enhancement of inter-UE coordination defined in R17 sidelink enhancement could be considered for type-B device, e.g., type-B device could receive the resource set(inter-UE coordination scheme 1) or resource collision indicator(inter-UE coordination scheme 2) from type-A device to avoid the resource collision between LTE sidelink and NR sidelink.
Proposal 1: Support device type B with only NR SL module for co-channel coexistence.
· Operational modes for co-channel coexistence between LTE and NR sidelink
In last RAN1 meeting it was agreed that the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority, and there is a FFS on 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). We think for Combination C it may be the same as Combination A since we should enhance the resource selection mode 2 of NR sidelink to avoid the resource collision from LTE sidelink. On Combination B which is Mode 1 NR SL+ Mode 4 LTE SL, we think it is worth to study the solutions to avoid the resource collisions between LTE sidelink and NR sidelink.
Proposal 2: Support both Combination B which is Mode 1 NR SL+ Mode 4 LTE SL and Combination C which is Mode 2 NR SL + Mode 3 LTE SL for co-channel coexistence.
· Constraints for dynamic co-channel coexistence between LTE and NR sidelink  
LTE sidelink only supports sub-carrier spacing of 15kHz, and NR sidelink supports multiple sub-carrier spacings, e.g., 15/30/60 kHz for co-channel scenario. If LTE sidelink and NR sidelink are configured with different sub-carrier spacings, it will increase UE complexity of reception/demodulation of each RAT. Another issue caused by mixed numerologies is the AGC issue of LTE sidelink, as shown in Figure 1 when NR sidelink is configured with 30 kHz, for LTE sidelink reception the power may vary within one subframe due to two different transmissions on NR sidelink and guard symbol between two NR sidelink slots.  In NR sidelink PSFCH could be also configured, for one NR sidelink slot if PSFCH is configured the AGC issue will also exist for LTE sidelink even if NR sidelink is configured with sub-carrier spacing of 15kHz as shown in Figure 2.
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Figure 1. Different numerologies for LTE sidelink and NR sidelink
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Figure 2. Different frame structures for LTE sidelink and NR sidelink

Observation 1: The mixed numerologies of LTE sidelink and NR sidelink will increase the UE complexity. 
Observation 2: AGC issue for LTE sidelink is a challenge for co-channel coexistence between LTE sidelink and NR sidelink.
Proposal 3: For dynamic resource sharing the NR sidelink only supports sub-carrier spacing of 15kHz.
On the AGC issue due to the configuration of PSFCH there is one agreement to study to alternatives to address this issue. Firstly, we would like to discuss whether support the configuration of PSFCH within the resource pool for dynamic resource sharing. Since NR sidelink has higher reliability, and HARQ feedback is an important approach to achieve the requirement on reliability of NR sidelink. We support that PSFCH could be configured in the resource pool for dynamic sharing. However, PSFCH transmission would cause AGC issue of LTE sidelink, to avoid the AGC issue the enhancement on NR sidelink resource selection could be considered, e.g., the UE could exclude the PSSCH resources if the associated PSFCH occasion is overlapping with the LTE SL’s reservation.
Proposal 4: Support PSFCH configuration for dynamic resource pool sharing.
Proposal 5: Support Alt.1 to address the AGC issue due to PSFCH, e.g., avoid PSSCH transmission if the associated PSFCH is overlapping with the LTE SL’s reservation in time domain.
For dynamic resource sharing between LTE sidelink and NR sidelink, the resource collision between two RATs should be avoided. In R16 sidelink only prioritization between LTE sidelink and NR sidelink is supported when TX/TX or TX/RX collision happens between LTE sidelink and NR sidelink. This simple prioritization scheme will decrease the performance of LTE sidelink and NR sidelink, and in-device coexistence defined in Rel-16 only address the collision issue in one device. For co-channel coexistence we think two aspects should be considered as following:
· Issue#1: How to avoid the TX/TX or TX/RX collision between LTE sidelink and NR sidelink in one device
· Issue#2: How to avoid the resource collision between LTE sidelink and NR sidelink in different devices.
For issue#1 we think that the UE shall avoid the collision between two modules instead of simple dropping as defined in R16 in-device coexistence. Since we could not make hardware and specification changes on LTE sidelink, the way to address this issue is to enhance the NR resource allocation mode 2, e.g., during resource selection procedure of NR sidelink the UE shall avoid selecting the resource which will cause TX/TX or TX/RX collision between two modules in the same device. For issue#2 during NR resource selection the UE shall avoid selecting the resources which are occupied by other LTE sidelink UEs, the details on how to obtain the information of resource occupied by LTE sidelink should be further studied.
Proposal 6: Enhance the resource selection procedure of NR sidelink mode 2 to enable dynamic resource sharing considering:
· Avoid the TX/TX and RX/TX collision between LTE sidelink and NR sidelink in the same device.
· Avoid the resource collision between NR sidelink and LTE sidelink in different devices.
Conclusion
In this contribution, we focus on the co-channel coexistence for LTE sidelink and NR sidelink and have below observations and proposals:

Observation 1: The mixed numerologies of LTE sidelink and NR sidelink will increase the UE complexity. 
Observation 2: AGC issue for LTE sidelink is a challenge for co-channel coexistence between LTE sidelink and NR sidelink.
Proposal 1: Support device type B with only NR SL module for co-channel coexistence.
Proposal 2: Support both Combination B which is Mode 1 NR SL+ Mode 4 LTE SL and Combination C which is Mode 2 NR SL + Mode 3 LTE SL for co-channel coexistence.
Proposal 3: For dynamic resource sharing the NR sidelink only supports sub-carrier spacing of 15kHz.
Proposal 4: Support PSFCH configuration for dynamic resource pool sharing.
Proposal 5: Support Alt.1 to address the AGC issue due to PSFCH, e.g., avoid PSSCH transmission if the associated PSFCH is overlapping with the LTE SL’s reservation in time domain.
Proposal 6: Enhance the resource selection procedure of NR sidelink mode 2 to enable dynamic resource sharing considering:
· Avoid the TX/TX and RX/TX collision between LTE sidelink and NR sidelink in the same device.
· Avoid the resource collision between NR sidelink and LTE sidelink in different devices.
References
[1] [bookmark: _Ref7816821][bookmark: _Ref21117639]RP-213678, “New WID on NR Sidelink evolution”, RAN#94-e, Dec. 2021.
4

image1.emf
PSSCH PSSCH

DMRS

PSSCH PSSCH

DMRS

PSSCH PSSCH

DMRS

PSSCH PSSCH

DMRS

PSSCH

PSCCH

GUARD

AGC

PSSCH

DMRS

PSSCH

PSSCHPSSCHPSSCH

DMRS

PSSCH PSSCH PSSCH

PSCCH

GUARD

PSSCH PSSCH

AGC

PSSCH

DMRS

PSSCH

PSSCHPSSCHPSSCH

DMRS

PSSCH PSSCH PSSCH

PSCCH

GUARD

PSSCH PSSCH

LTE sidelink

NR sidelink(SCS=30kHz)


image2.emf
PSSCHPSSCH

DMRS

PSSCHPSSCH

DMRS

PSSCHPSSCH

DMRS

PSSCHPSSCH

DMRS

PSSCH

PSCCH

GUARD

AGC

PSSCH

DMRS

PSSCH

PSSCHPSSCH

DMRS

PSSCH PSFCH

PSCCH

GUARD

AGC(PSFCH)

PSSCH

DMRS

GUARD

LTE sidelink

NR sidelink(SCS=15kHz)

AGC issue 


