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1. Introduction
In Rel.-18 sidelink enhancement WI [1], the following objective was identified for co-channel coexistence between LTE-V2X and NR-V2X sidelink , i.e., considering mainly V2X use cases in, e.g., V2X dedicated channels (i.e., ITS spectrum):
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

Additionally, during the previous RAN1 meeting (RAN1#109e), the following was agreed [2]:
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).
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 this TDoc, we are presenting our opinion to simplify the results of this objective and discuss possible directions for the study of LTE/NR co-channel coexistence solutions.
2. LTE/NR-V2X sidelink co-channel coexistence
Co-channel coexistence of LTE and NR sidelink is not supported in Rel. 16 V2X, since each of these RATs is utilizing a different/non-overlapping channel and/or resource pool [4]. Since the available ITS frequency spectrum for C-V2X direct communication is currently very limited, e.g., the spectrum in US has been reduced to 30MHz only and the spectrum in China is considering 20 MHz for the time being, LTE-NR V2X coexistence is becoming very crucial to speed up NR-V2X deployment.  Additionally, few use cases that have been built up based on LTE V2X may need to coexist for quite long time. 

Another motivation for co-channel coexistence between NR and LTE V2X is that it will also support an eventual and smooth transition from LTE-V2X to NR-V2X in future. Therefore, such a coexistence mechanism need to consider the traffic density and channel load of each RAT to achieve this task efficiently. 

In our previous TDoc in RAN1#109-e meeting [5], we have proposed to consider an LTE-NR coexisting mechanism that guarantees:
· no changes on the lower layers of existing LTE V2X devices
· a solution that could be retrofitted in to R16/R17 (if needed)
· avoiding adoption of LTE protocol stack in NR devices as much as possible
In that meeting, we have agreed on the first bullet. For the second bullet, we have agreed to study the feasibility of static resource pool partitioning/ resource pool separation between LTE sidelink and NR sidelink in Rel.-16/17 as a mechanism for co-channel coexistence as well. Both TDMed and FDMed approaches have been considered, with few issues that have been identified for FDMed partitioning, which will be discussed during this meeting. Finally, the last bullet have been covered during discussing the types on UEs in Rel.18 that are able to handle LTE-NR co-channel coexistence, namely Type A and Type B. These two types will be discussed in a later section.

 Combination of Operational Modes to be Considered 
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) has been agreed with high priority (see agreements above). However, it was also considered, as an FFS, whether and 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).

[bookmark: _Hlk103542596][bookmark: _Hlk110856694]In our understanding, the main intention of this objective (i.e., the LTE/NR-V2X co-channel coexistence) was considered to cover the V2X dedicated carriers/ITS spectrum availability issues in some regions (i.e., either due to regional regulatory for coexistence requirements, e.g., in Europe, or scarce spectrum in other regions). Additionally, we don’t expect that LTE/NR V2X operation needs to coexist between a network operated LTE mode and the autonomous resource allocation V2X NR mode (Mode-2). Therefore, we see no necessity to consider the other combinations B and C, which may also not have high market value or deployment options. Therefore, we do not see any need for the FFS from the first agreement or we see the necessity to agree that Combination A is the only combination considered in Rel-18 LTE / NR SL co-channel coexistence. 
Observation 1: Only combination A is of interest for LTE / NR SL co-channel coexistence.
Proposal 1: Confirm combination A (modes Mode 2 NR SL with Mode 4 LTE SL) to be the only combination considered in Rel-18 LTE / NR SL co-channel coexistence
 Type of devices for co-channel coexistence
Based on the RAN1#109-e agreements, two device types have been identified, namely Type A and Type B, where Type B is still subject to detailed discussions during this meeting (RAN1#110). The two devices are defined in [3] as follows: 
· Device Type A: UEs with dual LTE SL and NR SL modules 
· Device Type B: UEs with only NR SL modules 
The device Type A is suggested to reuse the in device coexistence as much as possible (also as recommended in WID), which may also make it suitable for a fully dynamic based coexistence between NR V2X sidelink and LTE-V2X sidelink. In our understanding, utilizing the inter-module (LTE and NR) cooperation for dynamic coexistence requires timely/instantaneously transferring physical layer measurements (e.g. sensing), which is beyond the in-device coexistence mechanism specified in Rel.-16. Furthermore, we need to consider quite enough dependency on the UE implementation and capability; impacting even the co-located LTE UE implementation. Therefore, for this solution, we propose to study the level of cooperation needed between the two co-located devices. We also recommend to consider minimizing, as much as possible, the amount physical layer measurements that need to be shared between the two modules (LTE-V2X and NR-V2X modules).  

Observation 2: Device Type A requires sharing between the LTE and NR sidelink co-located modules instantaneous resource sensing information, which is beyond Rel-16 in-device coexistence mechanism.
Proposal 2: For Type A device, study the level of cooperation needed between LTE/NR SL co-located modules for dynamic LTE/NR SL co-channel coexistence. 

[bookmark: _Hlk110855199]Device Type B can be considered as a self-sufficient device that supports co-channel coexistence, where in this case the recommendation in the WID to reuse the in-device co-existence “as much as possible” may tend to be zero or not fully utilized. Even though an LTE V2X module may always be present in future NR On-Board Units (OBU, the vehicular connectivity unit), i.e., for receiving safety related information from other LTE-V2X-only vehicles, Type B devices doesn’t rely on this co-located LTE V2X sidelink module to execute its own NR resource selections (also including avoiding possible LTE reservations).  In this case, the detection of LTE sidelink transmission may be pursued using in direct detection, e.g., via energy detection, RSSI measurements and/or CBR measurements. Another alternative, we may modify the definition of device Type B for co-channel coexistence solution to be:
· Device Type B: UEs can only with NR SL modules indirectly detect LTE transmissions without utilizing co-located LTE SL modules (if existing).
Observation 3: Type B device, as a solution for co-channel coexistence, assumes no access to instantaneous physical layer measurements from another LTE V2X modules (if co-located, e.g., for safety requirements).   
Observation 4: Type B device can be redefined to be:  “UEs can only with NR SL modules indirectly detect LTE transmissions without utilizing co-located LTE SL modules (if existing).” 

In our understanding, Type B devices should be used for quasi-dynamic co-channel coexistence between LTE and NR sidelink. Additionally, this solution may support a semi-static resource pool partitioning in order to avoid frequent resource pool (pre-)configuration updates. A possible option for Type B device, with a self-sufficient NR sidelink module, is to interpret whether the RSSI measurements are possibly for LTE Sidelink transmissions or not; FFS details of indirect detection of LTE transmissions. 

The main disadvantage of this of this mechanism is that it may result in false alarms (e.g., if some NR signals are weak and may not be decodable) and/or missed detection of LTE signals if, e.g., the energy detection threshold(s) is/are not perfectly optimized. 

On the one hand, we don’t see the need to mandate Device Type A for LTE / NR co-channel coexistence as a baseline solution as it have a higher complexity and could be susceptible to implementation qualities.  On the other hand, we believe that Type B solution may have a simpler design and may only require limited specification impacts. Therefore, we are proposing to examine the feasibility of Type-B device only and whether the complexity (vs. performance, e.g., of Type A device) of this solution is acceptable. If Type-B device deemed beneficial, we can start discussing optimizing this solution to reduce its aforementioned disadvantages. 

Proposal 3: Consider Type B device at least for quasi-dynamic LTE/NR SL co-channel coexistence. 
· FFS: indirect LTE sidelink transmission detection mechanisms, i.e., without decoding LTE SCI
Semi-Static and Dynamic Co-channel Coexistence
In RAN1#109-e, it was agreed to study the feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for LTE-NR co-channel. Accordingly, in this section, we discuss our considerations for, at least, resource pool partitioning and “quasi-”dynamic resource sharing
Semi-Static resource pool partitioning and overlapping options
For frequently active (e.g., RRC connected) UEs, a semi-static resource pool configuration may be provided by the network operator(s). This configuration updates may consider the LTE vs. NR penetration rate, e.g., in a certain local are or the whole country and/or the required load for each RAT. For in-active or RRC-Idle UEs, resource pool configurations may be given, e.g., via gNBs SIBs. Additionally, pre-configuration may be updated (infrequently) by the network operator or via OTA firmware updates. The later may be less frequent and may not be suitable for all vehicles. Therefore, a solution that can optimize such an inefficient semi-Static resource pool partitioning is needed to accommodate for, e.g., the LTE vs. NR penetration rate, the required load for each RAT, etc..
Observation 5: For Idle/in-active UEs, semi-Static resource pool partitioning need to be optimized to consider the variable LTE vs. NR penetration rate, the required load for each RAT, etc..
In RAN#109-e, both non-overlapping in TDM or FDM resources (separated resource pools) have been considered. In our understanding, the TDM resource pool partitioning may allow NR high numerologies (e.g., 30 and 60 kHz SCS) to coexist; however, considering 1 ms (15 kHz) span of each LTE sidelink slot. See Figure 1-A) for more details.
Observation 6: TDM resource pool partitioning can allow co-channel coexistence of LTE V2X and NR SL with different sub-carrier spacing (e.g., 30 and 60 kHz).
For FDMed approaches, more discussions have taken place. One argument was mentioned that some regions may not allow FDMed resource pool partitioning [2]. We perceived this discussion to be pointing out the new regulatory requirements in Europe regarding sharing the spectrum without fragmenting it based on different releases of the technology. Nevertheless, we believe that this partitioning is still quasi-static and allows for frequent adaption to the different RATs’ load, i.e., may not split the band deterministically. Additionally, few other aspects have been considered, e.g., AGC issue when NR SL has PSFCH transmission. In our understanding, all issues that are impacting the semi-static resource pool partitioning in FDMed fashion should be similarly consider for the dynamic co-channel coexistence, at least if LTE and NR transmissions need to coexist in overlapping time slot (but different frequency). Therefore, we propose to confirm the last meeting proposals in [3] for both semi-static FDMed and dynamic co-channel coexistence (with a simple modification in yellow).
Proposal 4: Confirm the following proposal for semi-static resource pool partitioning: 
For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, the following aspects are to be investigated:
· Handling of numerologies other than 15kHz
· Configuration of overlapping time resources for LTE SL and NR SL including in slots where NR PSFCH may be transmitted, taking into account the handling of AGC.
· Mechanisms to avoid dropping of NR SL transmissions impacted by LTE SL transmissions.
· FFS: Other aspects.
Proposal 5: Confirm the following proposal for dynamic resource sharing (at least for FDMed situations): 
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence (at least for FDMed situation), the following aspects are to be investigated:
· Handling of numerologies other than 15kHz
· Configuration of overlapping time resources for LTE SL and NR SL including in slots where NR PSFCH may be transmitted, taking into account the handling of AGC.
· Mechanisms to avoid dropping of NR SL transmissions impacted by LTE SL transmissions.
· FFS: Other aspects.


Figure 1: TDM and FDM possible co-channel coexistence (note: same and different numerologies in the figure are for illustration only and they may not happen simultaneously in the same resource pool)
0. [bookmark: _Hlk110860063]Quasi-dynamic resource portioning using Type B devices 
In RAN1#109-e, an extensive discussion took place on whether/how static resource pool separation can be “quasi-dynamically” updated. It was mentioned that updating the resource pools to separate LTE and NR V2X, e.g., based on traffic loads, could be done “quasi” dynamically by configuration (via network) or pre-configuration (OTA software updates) [2]. However, some concerns were brought including: whether the resource pools update rate is optimized and whether all UEs are synchronously updated [2]. 
Therefore, in our view, we need to study whether an dynamically (or quasi-dynamically) adaptable resource pool separations would be more beneficial in this case. As a proposal, we could study to quasi-statically or quasi-dynamically adapt the resource partitioning between LTE and NR sidelink using indirect detection of LTE transmissions using, e.g., type B devices. In this case, different resource pools can be (pre-)configured (either in time or in frequency as in Figure 2), where some portion(s) of the resource pool is(are) considered as an overlapping resources (i.e., subject to co-channel coexistence). Once LTE transmissions are indirectly detected in these shared portion, NR SL transmission could be avoided. Such a scheme may optimize the resource pool partitioning “quasi-dynamically” based on the traffic load of LTE V2X. Another clear advantage in this case, is that the dedicate/preferred resources for NR V2X SL can allow early deployment of Rel-16 and 17.
[bookmark: _Hlk110991334]Objective 7: Quasi-dynamic adaptation of the resource pool separation needs optimization according to, e.g., the traffic load and the penetration rate of LTE-V2X devices . 
[bookmark: _Hlk111001567]Proposal 6: Study whether it is beneficial to use indirect detection of LTE-V2X transmissions to further adapt resource partitioning


Figure 2: Shared resources for between the two RATs and RAT-dedicated resource partitioning.
3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
Proposal 1: Confirm combination A (modes Mode 2 NR SL with Mode 4 LTE SL) to be the only combination considered in Rel-18 LTE / NR SL co-channel coexistence
Proposal 2: For Type A device, study the level of cooperation needed between LTE/NR SL co-located modules for dynamic LTE/NR SL co-channel coexistence. 
Proposal 3: Consider Type B device as baseline solution for LTE/NR SL quasi-dynamic co-channel coexistence. 
· FFS: indirect LTE sidelink transmission detection mechanisms, i.e., without decoding LTE SCI
Proposal 4: Confirm the following proposal for semi-static resource pool partitioning: 
For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, the following aspects are to be investigated:
· Handling of numerologies other than 15kHz
· Configuration of overlapping time resources for LTE SL and NR SL including in slots where NR PSFCH may be transmitted, taking into account the handling of AGC.
· Mechanisms to avoid dropping of NR SL transmissions impacted by LTE SL transmissions.
· FFS: Other aspects.
Proposal 5: Confirm the following proposal for dynamic resource sharing (at least for FDMed situation): 
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence (at least for FDMed situation), the following aspects are to be investigated:
· Handling of numerologies other than 15kHz
· Configuration of overlapping time resources for LTE SL and NR SL including in slots where NR PSFCH may be transmitted, taking into account the handling of AGC.
· Mechanisms to avoid dropping of NR SL transmissions impacted by LTE SL transmissions.
· FFS: Other aspects.
Proposal 6: Study whether it is beneficial to use indirect detection of LTE-V2X transmissions to further adapt resource partitioning    
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