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[bookmark: _Ref534820708]Introduction
One of the objectives of the WID about NR sidelink evolution [1] is to:
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
This contribution discusses the mechanisms for co-channel coexistence between LTE and NR sidelink.

Discussion
Background and motivation
Rel.16 V2X specified in-device coexistence, where the coexistence aspect is approached from UE perspective. It addressed devices with dual LTE-V2X and NR-V2X chipsets with concurrent operation. To account for different classes of constraints such single power budget, inter-RAT interference, half duplex limitations, several coexistence methods were specified:
· Long term TDM solutions based on static, (pre)configured time-domain partition between LTE and NR resource pools
· Short term TDM solutions where simultaneous transmission on the two RATs, as well as simultaneous transmission on one RAT/reception on the other RAT are prevented by a set of priority-based rules (or by UE implementation when priorities are equal/unavailable). Simultaneous reception on the two RATs is up to UE implementation. 
· Inter-band FDM partition with static power allocation.
These solutions addressed concurrent transmission from UE perspective, while the resource pools of the two RATs remained disjoint. Rel.16 solutions set a framework for coexistence studies, but specifically excluded any form of co-channel coexistence.
Co-channel coexistence studies responds to a clear market need. In its input to the Rel.18 workshop, 5GAA rated the co-channel coexistence studies as a high priority [2]. Since the available ITS frequency spectrum is small, there is a clear need for NR to coexist with LTE. First of all, this enables more efficient spectrum usage and enables NR to access larger spectrum. Second of all, migration from LTE to NR sidelink needs to be considered. When the share of LTE-V2X will decrease, those devices being gradually replaced with NR-V2X UEs, co-channel coexistence opens the way to smooth transition between the two technologies and maximizes deployment flexibility. 
Due to the long lifetime of LTE-V2X UEs, the solutions to be designed should be seamless and backwards compatible for LTE users, who wouldn’t need to have knowledge of the coexistence with NR. Changes to LTE-V2X should be avoided.
With that in mind, two classes of co-channel coexistence can exist:
· TDM resource pool segregation between LTE-V2X and NR-V2X
· Common/overlapping resource pools for LTE-V2X and NR-V2X
In the following, we will separately discuss the two options. 

Co-channel coexistence with resource pool separation between LTE-V2X and NR-V2X
The Rel.16 long term TDM solution based on (semi-)static, (pre)configured time-domain partition between LTE and NR resource pools can be translated to the co-channel coexistence case in a rather straightforward manner. The advantage of such a direct extension is that the specification work is very limited. Since the LTE and NR ressources are TDMed, there are no restrictions on numerology or configurations to be used since each RAT uses its own separate resource and Rel.16 framework already handles concurrent operation from UE perspective. Potential enhancements to the Rel.16 solutions may be discussed, such as UE to network assistance for better resource pool configuration management (for cases where a network deployment exists), and possibly investigate whether there would be any gain from specifying some of the UE behaviours left to UE implementation in Rel.16.
Yet, such a static approach has little flexibility, does not make an optimized use of the available resource, and does not answer to the need for a flexible technology transition path from LTE to NR. 
[bookmark: _Toc109258277]Proposal 1: Support co-channel coexistence with resource pool separation between LTE-V2X and NR-V2X. Further investigate which specification work or enhancements are needed beyond the Rel.16 framework.

Co-channel coexistence with resource pool overlapping between LTE-V2X and NR-V2X
On different aspects of dynamic resource sharing 
While we believe that a static solution should be supported due to the simplicity and the very limited specification impact, we believe that the static TDM solution cannot address by itself the needs expressed during Rel.18 package discussions, and which motivated the inclusion of co-channel coexistence work. A dynamic sharing solution with resource pool overlapping needs to be supported. 
Resource sharing may be implemented with different levels of flexibility. Upon detection of LTE transmission, NR resource selection may apply different exclusion strategies (e.g. the subchannels sensed as occupied in the detected slot, the whole slot, the whole resource pool etc). The study should consider resource sharing with the finest granularity, in order to allow a smooth future-proof transition from LTE to NR V2X.
[bookmark: _Toc109258278]Proposal 2: Support co-channel coexistence with dynamic sharing and resource pool overlapping between LTE-V2X and NR-V2X.

On device types
In RAN1#109-e, the following decision was made:
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.
Yet, the group did not manage to agree on a proper definition of device types A, B and potentially C. Hence, the above agreement refers to undefined device types, being thus voided of any meaning. 
[bookmark: _Toc109258282]Observation 1: Agreements from previous meeting refer to undefined device types A/B.
[bookmark: _Toc109258279]Proposal 3: The following device types are defined for the purpose of the study:	
1.	Type A devices are dual-module LTE/ NR SL Rel.18 devices where the LTE sidelink module shares information with the colocalized NR sidelink module	
2.	Type B devices contain a Rel.18 NR SL module not assuming the availability of information from a colocalized LTE SL module	
3. 	Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules

Some clarifications need to be made to the scope of the work, especially for identifying the scenarios and assumptions of the technical investigation. 
It is rather straightforward to consider that at least dual-module devices having both LTE-V2X and NR-V2X capable of inter-RAT exchanges should be able to coexist with LTE-V2X-only devices, regardless of the LTE release. Extending coexistence to NR-only devices may be possible 
· e.g. by enhancing inter-UE coordination framework, but with a higher specification effort
· e.g. by requiring that the Rel.18 NR device has the capability of detecting LTE SCI, but with non-negligible hardware impact
It should be clarified whether this latter case of NR-only device should be covered by the current investigation under the definition of device type B.

On combinations of operation modes
In RAN1#109e, the following agreement was made:
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).
Combinations B and C should be equally considered. With respect to the specification support required by Combination A, support of combinations B and C are likely to require very limited (in the case of Combination C, potentially none) extra work.
[bookmark: _Toc109258280]Proposal 4: For the study of co-channel coexistence solutions in Rel-18, combination of operational modes B and C are also considered.

On other study topics
LTE and NR V2X have different waveforms/signal structures/RS positions. One other important difference is that NR supports PSFCH transmission. Specification impact is expected at least on the following topics:
· Resource allocation modifications to NR Rel.17 procedure in order to take into account the LTE reservation in overlapping resources. LTE scheduling assignment can be known by NR at least by in-device exchanges between the two RATs for dual module UEs. Whether direct detection of LTE reservation is also feasible in a reliable manner without major hardware changes can be for further discussion.
· Solutions for enabling NR with PSFCH enabled to coexist with LTE 
· Solutions for coexistence and cross-RAT interpretation of sidelink synchronization signals
[bookmark: _Hlk109255619][bookmark: _Toc109258281]Proposal 5: For co-channel coexistence on overlapped resource pools, study the feasibility and benefits of at least the following solutions: 	
	- Resource allocation modifications to NR Rel.17 procedure in order to take into account the LTE reservation in overlapping resources	
	- Solutions for enabling NR with PSFCH enabled to coexist with LTE	
	- Solutions for coexistence and cross-RAT interpretation of sidelink synchronization signals

Conclusions
The following proposals and observations stand:
Proposal 1: Support co-channel coexistence with resource pool separation between LTE-V2X and NR-V2X. Further investigate which specification work or enhancements are needed beyond the Rel.16 framework.
Proposal 2: Support co-channel coexistence with dynamic sharing and resource pool overlapping between LTE-V2X and NR-V2X.
Proposal 3: The following device types are defined for the purpose of the study:	
1. Type A devices are dual-module LTE/ NR SL Rel.18 devices where the LTE sidelink module shares information with the colocalized NR sidelink module 	
2. Type B devices contain a Rel.18 NR SL module not assuming the availability of information from a colocalized LTE SL module  	
3. Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules
Proposal 4: For the study of co-channel coexistence solutions in Rel-18, combination of operational modes B and C are also considered.
Proposal 5: For co-channel coexistence on overlapped resource pools, study the feasibility and benefits of at least the following solutions: 	  	
- Resource allocation modifications to NR Rel.17 procedure in order to take into account the LTE reservation in overlapping resources   	
- Solutions for enabling NR with PSFCH enabled to coexist with LTE   	
- Solutions for coexistence and cross-RAT interpretation of sidelink synchronization signals

Observation 1: Agreements from previous meeting refer to undefined device types A/B.
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