3GPP TSG RAN WG1 #110			R1-2207010
Toulouse, France, August 22nd – 26th, 2022

Agenda item:	9.4.2
Title:	Co-channel coexistence for NR sidelink and LTE sidelink
Source:	MediaTek Inc.
Document for:	Discussion and Decision
Introduction
In RAN1-109-e meeting, the following agreements were made for co-channel coexistence of NR sidelink and LTE 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.



In the contribution we discuss possible solutions to support co-channel coexistence between LTE and NR sidelink. 
Discussion
Co-channel coexistence can enable better management of limited spectrum and easier technology migration during deployment for operators from one RAT to another. As described in the input by 5GAA [2], dedicated V2X spectrum is scarce in some regions and hence LTE/NR V2X may need to coexist even in the same channel. Coexisting LTE V2X and NR V2X in the same channel can also allow to branch the support of basic use cases to LTE sidelink and advanced use cases to NR sidelink. 
Although potential benefits of co-channel coexistence are understood, the following aspects should be taken into consideration and accommodated during the R18 study phase: 
· No negative impact should be experienced by the operation of each RAT. Both LTE V2X and NR V2X performance should be not worse than the standalone deployment case of each V2X system. 
· No design change is desirable to LTE V2X system. The enhancements should be contained to Rel-18 NR sidelink framework. Similar to the case where R15/R16 dynamic spectrum sharing solutions were introduced to NR-Uu, an LTE sidelink user should not even be aware of its co-channel sharing with NR sidelink users. 
· Unless the outcome of the study suggests that network controlled resource allocation mode can also benefit from co-channel coexistence with the existing Rel-16/Rel-17 NR sidelink design, the scope of any enhancements (if agreed in the future) can be contained to address the specific V2X coexistence scenarios only, where coexistence solutions are useful (e.g., only the case where NR mode-2 and LTE mode-4 are operating on the same channel). 
· As stated in the work item description, any potential enhancements (if agreed in the future) should reuse existing Rel-16 solutions as much as possible. 
Based on these points, we propose the following:
Proposal 1: Study for SL co-channel coexistence solutions should take into account the following aspects.
· Prioritize performance evaluations of existing Rel-16 design to assess the need for any enhanced solutions.
· Feasibility evaluations should be performed based on a common set of simulation scenarios and parameters.

It was agreed in RAN1-109-e that coexistence of Mode-2 NR sidelink and Mode-4 LTE sidelink is considered with high priority. It was also agreed that no specification changes are preferred for LTE sidelink. Given these agreements, the combination of operation modes with Mode-1 NR sidelink and Mode-4 LTE sidelink should be excluded from the coexistence study. Coexistence can be managed by the network via NR Mode-1 specific re-configuration signaling while no enhancements are allowed to LTE Mode-4 specifications. In this case, no specification change is needed to Mode-1 NR sidelink operation to facilitate coexistence any further. 
As agreed in the last RAN1-109-e meeting, the combination of operations modes Mode-2 NR sidelink and Mode-4 LTE sidelink is considered with high priority. In addition, the combination of operation modes Mode-2 NR sidelink and Mode-4 LTE sidelink is considered with low priority. 
Based on these views, we propose the following. 
Proposal 2: The following should be adopted for the combination of operation modes.
· Mode-1 NR sidelink + Mode-4 LTE sidelink is excluded from the coexistence study.
· Mode-2 NR sidelink + Mode-3 LTE sidelink is considered with low priority.


Semi-static coexistence methods
Semi-static type solutions can rely on separating LTE SL and NR SL operations into different resource pools. Partitioning resources in such a manner can be realized in either time domain or frequency domain. 

TDM-based semi-static approach: 
Separation by different resource pools in time domain can be enough for overcoming the fragmented spectrum problems as it is a simple and effective approach. In addition, LTE V2X traffic is mostly available in periodical form (e.g., BSM, CAM, CPM, MCM, etc.) with long periodicity (e.g., at a rate of 1-10 Hz), hence more dynamic-type coexistence solutions may not be needed. 
An example is illustrated in Figure 1 where LTE SL and NR SL operations are separated in time domain by (pre-)configuring non-overlapping resource pool. Such long-term TDM approach is supported in Rel-16 V2X, and it can be used as a baseline to support co-channel coexistence in Rel-18. 
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Figure 1 Long-term TDM based co-channel coexistence

We have the following observation:
Observation 1: Separating LTE SL and NR SL resource pools in time domain (based on Rel-16 NR V2X long-term TDM) is a promising semi-static solution as a baseline approach for coexistence.

FDM semi-static approach: 
Alternatively, LTE V2X and NR V2X may coexist in the same slot by frequency domain separation. Due to the high emitted interference between two RATs, large guard band may need to be considered, which would also lower the resource efficiency. Intra-band FDM was studied during Rel-16 NR V2X, but it was excluded due to the interference issue. 
Figure 2 illustrates such FDM-based configuration for LTE SL and NR SL. 
We have the following observation:
Observation 2: FDM-based semi-static approach can be feasible; however, resource efficiency may be sub-optimal due to guard band requirement.
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Figure 2 FDM based co-channel coexistence

Dynamic coexistence methods
More dynamic-type methods can also be considered for coexistence. In one approach, one of the RATs can be required to decode the SCI from other RAT transmissions. Or alternatively, another dynamic-type approach can be considered specifically for UEs who are equipped with separate LTE and NR sidelink modules. Instead of detecting SCI from other RAT, the SCI from each RAT can be decoded by the corresponding module at the UE. Then, the available scheduling information can be exchanged between modules internally by sharing the resource reservation information dynamically between LTE V2X and NR V2X. 

Cross-RAT SCI decoding & detection based dynamic approach: 
Since all specification changes to LTE V2X should be avoided, NR sidelink UE should be responsible for sensing the resource reservation information from LTE sidelink users, rather than the opposite. So, NR sidelink user in this approach would be required to decode transmitted LTE-SCI from LTE V2X users, at least within the dynamically shared resources, for sensing purpose. However, such cross-RAT decoding/detection may not be a straightforward solution as there would be a lot of implementation and design issues to tackle, such as handling different RNTIs, different subframe structures, PSFCH resource issue, different SCS problems, AGC issue, etc. 
Figure 3 illustrates such a cross-RAT SCI decoding approach, where NR-V2X UE would be required to decode LTE-SCI information.
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Figure 3 Dynamic coexistence based on decoding LTE SCI by NR UE

We have the following observation:
Observation 3: Decoding SCI from other RAT (e.g., NR-SL UE decoding LTE-SCI) is a difficult problem to solve. 


Inter-module info exchange based dynamic approach: 
V2X deployments may have UEs with separate LTE and NR modules; in addition to UEs that are equipped with only sidelink module (i.e., either LTE sidelink module alone or NR sidelink module alone). However, this type of dynamic approach can only be applicable to UEs with both modules. 
In this approach, NR sidelink module can obtain the LTE resource reservation information through the sensing measurements results obtained by the LTE sidelink module of the same UE and then through exchanging this information internally to the NR module internally. Such internal information exchange between modules can be based on the Rel-16 NR V2X in-device coexistence mechanism. For example, NR sidelink module can exclude the resources occupied by the LTE resource reservations of other users, according to the provided information by the LTE sidelink module. Based on such mechanism, UEs with two separate LTE and NR SL modules can potentially support dynamic coexistence on shared resources between LTE sidelink and NR sidelink. 
However, there are some problems that need to be addressed. For example, internal signaling requires additional delay, which would only allow exchanging information related to periodic reservations with sufficiently long periodicities from LTE system. Moreover, the content of the internal messages may need to be defined carefully if such type of dynamic co-channel coexistence is to be supported between LTE sidelink and NR sidelink. In addition, the resource efficiency benefits are also not quite clear, and they need to be shown with solid findings to justify the specification complexity. What is more, V2X deployments should make sure to accommodate all sidelink users, not just UEs who are equipped with both LTE sidelink and NR sidelink modules. If some of the sidelink users are only equipped with LTE V2X or only NR V2X, the potential benefit of such dynamic coexistence mechanism will be minor. In a real V2X network with a mix of different UEs, the realistic performance benefit of this dynamic mechanism should be clarified. 
Figure 4 illustrates a UE with LTE-V2X and NR-V2X modules decoding LTE-SCI and using the LTE resource reservations information to exclude candidate NR-V2X resources before transmission to another NR-V2X UE.
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Figure 4 Dynamic coexistence based on inter-module info. exchange

We have the following observation:
Observation 4: Dynamic type approach based on internally exchanging resource reservation information between LTE and NR modules could be feasible, although potential benefit is unclear. The performance benefit needs to be clearly justified versus its specification complexity. 

Based on the discussions and observations on the potential options above, semi-static solution based on TDM resource pool separation can be supported firstly as the baseline co-channel coexistence solution in Rel-18. Any further dynamic approaches can also be further studied. If potential benefits (over implementation complexity) can be justified, additional coexistence solutions can be introduced also based on dynamic-type approach. 
We propose the following proposals for dynamic coexistence solutions: 
Proposal 3: Further coexistence solutions (including dynamic based mechanisms) can be studied and evaluated for their potential benefits vs. complexities. 




Conclusions
We have the following observations:
Observation 1: Separating LTE SL and NR SL resource pools in time domain (based on Rel-16 NR V2X long-term TDM) is a promising semi-static solution as a baseline approach for coexistence.
Observation 2: FDM-based semi-static approach can be feasible; however, resource efficiency may be sub-optimal due to guard band requirement.
Observation 3: Decoding SCI from other RAT (e.g., NR-SL UE decoding LTE-SCI) is a difficult problem to solve.
Observation 4: Dynamic type approach based on internally exchanging resource reservation information between LTE and NR modules could be feasible, although potential benefit is unclear. The performance benefit needs to be clearly justified versus its specification complexity. 

We have the following proposals:
Proposal 1: Study for SL co-channel coexistence solutions should take into account the following aspects.
· Prioritize performance evaluations of existing Rel-16 design to assess the need for any enhanced solutions.
· Feasibility evaluations should be performed based on a common set of simulation scenarios and parameters.
Proposal 2: The following should be adopted for the combination of operation modes.
· Mode-1 NR sidelink + Mode-4 LTE sidelink is excluded from the coexistence study.
· Mode-2 NR sidelink + Mode-3 LTE sidelink is considered with low priority.
Proposal 2: Semi-static resource pool separation approach in time-domain (based on Rel-16 NR V2X long-term TDM) is supported in Rel-18 for co-channel coexistence as a baseline solution.
Proposal 3: Further coexistence solutions (including dynamic based mechanisms) can be studied and evaluated for their potential benefits vs. complexities. 
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