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1. Introduction
For Rel.-18 sidelink enhancement WI, the co-channel coexistence objective has been updated in RAN#97-e to include a second bullet-point (Note) [1]:
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
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A

Additionally, during the previous RAN1 meeting (RAN1#110), the following items were concluded/agreed [2]:
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.

In this TDoc, we are presenting our views to simplify the results of this objective and discuss possible directions for the study of LTE/NR co-channel coexistence solutions in dedicated V2X spectra, e.g., ITS spectrum.
2. LTE/NR-V2X sidelink co-channel coexistence
Co-channel coexistence of LTE and NR sidelink is not supported in Rel.-16 NR V2X, since each of these RATs is utilizing a different/non-overlapping channel [4]. 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, the spectrum in China is considering 20 MHz for the time being, and in EU it is supposed to be < 40 MHz (even shared with non-3GPP V2X technology). Therefore, 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 support an eventual and smooth transition from LTE-V2X to NR-V2X in future. Therefore, such a coexistence mechanism needs to consider the traffic density and channel load of each RAT to achieve this task efficiently. 
In our previous TDoc in RAN1#109-e/#110 meetings [4,5], we have proposed to consider LTE-NR coexisting mechanism that guarantees the following:
· no changes on the lower layers of existing LTE V2X devices (agreed)
· a solution that could be retrofitted in to R16/R17 
·  (conclusion) TDM-based semi-static resource pool partitioning is feasible for LTE/NR SL co-channel coexistence
· dynamic-based co-channel coexistence with acceptable inter-module sharing (open)
In this meeting, we need to focus on dynamic-based co-channel coexistence trying to identify inter-module cooperation level, shared parameters, and possible time delay in the inter-module connection.
 Semi-static vs Dynamic Co-channel Coexistence
[bookmark: _Hlk103542596]In RAN1#110, at least TDM-based semi-static resource pool partitioning has been concluded to be feasible. On the one hand, the TDM-based resource pool partitioning has a clear advantage of early introduction of Rel-16/17 if co-channel coexistence is considered, i.e., utilizing TDM-based mechanism. Additionally, it is a very simple approach and doesn’t require any specification impact. On the other hand, semi-static resource pool partitioning solution may introduced high latency, difficulties to be adapted instantaneously to varying traffic requirements of LTE and NR, and it may introduce spectrum limitation for some applications. These disadvantages can be overcome using dynamic or semi-dynamic co-channel coexistence. Herewith, different levels of dynamic co-channel coexistence, different levels of UE complexity (including different inter-module information sharing), and different possible latency(ies) of the inter-module communication needs to be discussed.
Observation 1: Dynamic co-channel coexistence overcome semi-static co-channel coexistence disadvantages at the expense of inter-module sharing complexity.
Proposal 1: For the study of dynamic LTE SL and NR SL co-channel coexistence, identify different inter-module cooperation level and inter-module communication latency 
 Type of devices for dynamic co-channel coexistence

In this section we are focusing on dynamic co-channel coexistence and on identifying different device types coexisting with, at least, the prioritized Type A device (an or its possible variants). For LTE SL and NR SL co-channel coexistence study, there are still multiple device types that may impact the dynamic co-channel coexistence solution. Let us start from RAN1#110 FL summary [2], where we considered the following: 
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules (Prioritized in WID [1])
· Type B devices are Rel-18 devices that contain only NR SL modules  not-prioritized
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules (need to coexist in the same co-channel)
· Type D devices are Rel-16/17 devices that contain only NR SL modules (need to coexist in the co-channel)
· Type E devices are Rel-16 devices that contain both LTE SL and NR SL modules based on in-device coexistence framework (need to coexist in the co-channel)
In our understanding, Type D is a subset of Type E, where both can now coexist with LTE in a co-channel, on their own, at least by using TDM-based semi-static resource pool partitioning based. This have a clear advantage, which is not delaying the introduction of NR deployment in shared bands that may require harmonized coexistence between the LTE and NR in the same channel (e.g., ITS bands). However, the aforementioned disadvantages of semi-static resource pool portioning are also considered here. 

Type C devices are an important device type in our LTE/NR SL co-channel co-existence study, wherein RAN1 have decided not to impact their specifications. This was a very important decision as Type C represents all vehicles that will dominate the market now and in the recent future. Even though we are not further enhancing Type C devices specifications, we still need to consider fair sharing and fair coexistence to Rel-18 devices. In order to protect Type C devices, some proposals in RAN#110 were discussing considering include LTE SL reservation SCIs for the scheduled NR SL resources, e.g., at least using the co-located LTE module to send those reservation SCIs. Alternatively, NR modules could be involved in sending, e.g., LTE SL reservation SCIs in addition to its intended NR SL waveforms. In this case, the problem could be whether this is feasible and how it could impact the specification. In our understanding, this proposal may solve the fairness issue for Type C UEs; however, at the expense of complexity of inter-module coordination (i.e., including time-line of available information to the LTE module). 
Another important proposal to protect Type C devices is to limit the NR SL reservations to periodic reservations only (i.e., using SPS reservation similar to LTE). In this case, the shared resource pool (for co-channel coexistence between LTE and NR SL) needs to be configured for periodic reservations and the NR SL module can only send periodic transmissions (SPS-like). Hence, the NR SL module needs to be aware of the LTE SL reservation intervals. The idea for this solution is to rely on Type C UEs to exclude the used NR SL periodic transmissions relying on measuring and ranking their received RSSI (i.e., as specified for LTE V2X). The major risk in this solution is that RSSI ranking could still nominate NR-used resources when the channel is highly congested. Therefore, in order to further protect Type C devices (being the victim devices in this co-existence procedure), NR Rel-18 UEs needs to consider, additionally, the congestion produced by LTE and NR devices in the shared channel. 
Observation 2: For dynamic co-channel coexistence, Type C devices should not be severely impacted.
[bookmark: _Hlk115469653]Proposal 2: For the dynamic co-channel coexistence to protect Type C devices, study the impact of limiting NR transmission to periodic reservations using the  LTE reservation intervals in the shared resource pool.
· FFS whether/how to consider  the channel congestion

Finally, after RAN#97-e discussions, it was agreed to prioritize Type A devices due to the limited TUs of this WI and considering the other objectives which are not yet treated. Nevertheless, the updated WID does not dictates that Type B or other types are de-prioritized. Recall that Type A is a device type that contains a co-located LTE SL module ready to share multiple reservation information and parameters (as agreed in RAN1#109e). Where, in contrast, Type B device is a device that relies on its NR SL module to indirectly detect LTE transmissions without utilizing any co-located LTE SL modules (if existing).
Following the updated WID, we aim at starting from Type A device; however, without precluding any solution that could be useful for other device types, i.e., other NR devices that may not have full access to physical layer measurements conducted by its LTE module. From a different view, our proposal is to consider Type A devices as optimized devices for fully dynamic co-channel coexistence, i.e., which are able to share, inter-module, enough sensing information and reservation parameters. Whereas other devices, with different inter-module sharing levels, are a suboptimal set of devices when they are compared to Type A device. Figure 1 depicts the different flavors of device types with different inter-module coordination capabilities sorted from the most optimum on left-hand side (Type A) to the least optimum (Type B).
Even for the optimal device, Type A device, if the exchanged sensing/coordination information between LTE and NR modules are not timely present, the quality of the dynamic co-channel coexistence can deteriorate significantly. Therefore, it may be viable to consider quasi-dynamic or even a fallback to semi-static coexistence in these cases. It is for further study whether different mechanisms needs to be specified or the decision of fallback to semi-static can be left to UE implementation.  
[image: ]
Figure 1: Rel-18 proposed UE types and variants starting with Type A as an optimized UE type for fully dynamic co-channel coexistence
Observation 3: For dynamic co-channel coexistence, different devices may have different level of the inter-module shared information and/or timely sufficient inter-module coordination parameters/sensing information.
Proposal 3: For the supported device of the dynamic co-channel coexistence solution, study the impact if the device acquire limited inter-module coordination parameters /sensing information. 
Observation 4: Once the amount of inter-module shared information dropped or not timely present for resource allocation, the performance of dynamic co-channel coexistence is affected
Proposal 4: Study possible mechanisms to avoid performance degradation due to delayed inter-module communication

Remaining Issues for co-channel coexistence 
Multiple Numerologies Issue
TDM-based
[bookmark: _Hlk115388256]In RAN#110, TDM-based co-channel coexistence between LTE and NR Sidelink have been concluded. In our understanding, if only TDM-based resource pool partitioning is allowed in a channel, LTE and NR may have different numerologies in their dedicated resource pool (RP) partitions (e.g., LTE gets 15 kHz SCS in RP1 and NR can have 30 or 60 kHz SCS in RP2 configured with BWP2). See Figure 2-A) for more details. 
Observation 5: If only TDM-based resource pool partitioning is allowed for co-channel coexistence, NR sidelink may have different numerology in their dedicated resource pool (RP) partition.
Proposal 5: If TDM-based resource pool partitioning is the only configured co-channel coexistence in a channel, allow NR SL with higher SCS
Dynamic-based co-channel coexistence numerologies
When dynamic co-channel coexistence is configured in a resource pool for Rel-18 NR V2X and LTE V2X, for simplicity, only 15 kHz should be allowed. In this case, NR BWP is configured with numerology 15 kHz to cover all resource pool(s) shared with LTE. This also avoids AGC issues and different slot alignment. 
Observation 6: For simplicity, dynamic co-channel coexistence should not consider higher SCS than 15 kHz.
Proposal 6: For dynamic co-channel coexistence consider only 15 kHz SCS.
TDM-based + dynamic-based numerologies
If both TDM-based resource pool partitioning (e.g., between LTE (in RP1) and older NR releases, i.e., Rel-16/17 (in RP2)) is allowed and a dynamic co-channel coexistence of Rel-18 is allowed in the LTE dedicated resource pool partition (RP1 as in Figure 2-B)), only 15 kHz numerologies should be allowed for all NR RPs (the shared RP1 and the dedicated RP2). In this case, it is important to configure a single BWP for all NR releases. However, if two numerologies are configured (e.g., one BWP per each RP), Rel-18 UEs may not be able to share the resource pool partition of the older NR release or even communicate-with the older NR release devices, e.g., Rel-16/17. See Figure 2-B) for illustrating the difficulties of configuring two numerologies in case both TDM-based semi-static and dynamic are simultaneously configured in the same channel.
Observation 7: If TDM-based resource pool partitioning and dynamic co-channel coexistence are allowed simultaneously in the same channel, it is recommended to configure 15 kHz only numerology for all NR devices to avoid multiple BWP configuration for the different devices.
Proposal 7: If TDM-based resource pool partitioning and dynamic co-channel coexistence are allowed simultaneously in the same channel, consider only one BWP with 15 kHz for all NR devices.


Figure 2: TDM-based co-channel coexistence vs TDM-based + dynamic co-channel coexistence in a channel
FDM-based semi-static co-channel coexistence difficulties
In RAN#109-e, non-overlapping FDM resources (e.g., frequency separated resource pools) have been considered with some proposals to avoid and or study the effect of AGC for PSFCH transmissions overlapping with LTE SL transmission, handling NR numerologies other than 15kHz, inter-device prioritization (e.g., Tx/Tx), etc.. Additionally, in our view, FDM-based solution with narrowly frequency separated resource pools may be very difficult to implement (compared to the not co-channel, widely separated, coexistence in Rel-16). Finally, some regions may not allow FDMed resource pool partitioning as a co-channel sharing mechanism if guard bands are required to separate LTE and NR resource pools.
Considering the limited TU of this WI, the remaining objective, and all issues listed above in this subsection, we propose not to support FDM-based resource pool partitioning semi-static co-channel coexistence in Rel-18.
Observation 8: FDM-based resource pool partitioning implementation with narrowly frequency separated resource pools can be very challenging for co-channel coexistence of LTE V2X and NR SL.
Proposal 8: Do not support FDM-based semi-static resource pool partitioning for co-channel coexistence of LTE V2X and NR SL in Rel-18 WI.

FDM issues in dynamic co-channel coexistence 
Similar to FDMed semi-static co-channel coexistence approach, more discussions should take place to identify FDMed issues that may occur in dynamic co-channel coexistence, i.e., when LTE and NR coexist in the same resource pool. One proposal is to confirm Alt 1 in RAN1#110 meeting agreements (avoid PSFCH transmission to overlap with LTE transmission). Similar to proposal 5, dynamic co-channel coexistence needs to consider 15 kHz only. Even more, there is still a need to discuss further aspects like mechanisms to avoid dropping of NR SL transmissions impacted by LTE SL transmissions if LTE transmission overlap in time with NR transmission (e.g., in different subchannels).
Proposal 9: For dynamic co-channel coexistence PSFCH handling: 
· Confirm Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions 
· Avoiding PSFCH transmissions can be performed by, at least, the UE transmitting PSFCH.
Proposal 10: Further study pros and cons of allowing FDM between LTE and NR in dynamic cochannel co-existence.  
3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
Proposal 1: For the study of dynamic LTE SL and NR SL co-channel coexistence, identify different inter-module cooperation level and inter-module communication latency 
Proposal 2: For the dynamic co-channel coexistence to protect Type C devices, study the impact of limiting NR transmission to periodic reservations using the  LTE reservation intervals in the shared resource pool.
· FFS whether/how to consider  the channel congestion
Proposal 3: For the supported device of the dynamic co-channel coexistence solution, study the impact if the device acquire limited inter-module coordination parameters /sensing information. 
Proposal 4: Study possible mechanisms to avoid performance degradation due to delayed inter-module communication
Proposal 5: If TDM-based resource pool partitioning is the only configured co-channel coexistence in a channel, allow NR SL with higher SCS
Proposal 6: For dynamic co-channel coexistence consider only 15 kHz SCS.
Proposal 7: If TDM-based resource pool partitioning and dynamic co-channel coexistence are allowed simultaneously in the same channel, consider only one BWP with 15 kHz for all NR devices.
Proposal 8: Do not support FDM-based semi-static resource pool partitioning for co-channel coexistence of LTE V2X and NR SL in Rel-18 WI.
Proposal 9: For dynamic co-channel coexistence PSFCH handling: 
· Confirm Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions 
· Avoiding PSFCH transmissions can be performed by, at least, the UE transmitting PSFCH.
Proposal 10: Further study pros and cons of allowing FDM between LTE and NR in dynamic cochannel co-existence.
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