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Introduction
In RAN #94-e meeting [1], the WID for Rel-18 NR sidelink evolution was approved [2]. This includes the study and support of co-channel coexistence for LTE sidelink and NR sidelink as shown below:
	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 RAN1 #109-e meeting, the following agreements were made:
	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 this contribution, we discuss aspects that need to be considered for dynamic channel coexistence.
Discussion
Dynamic co-channel coexistence
In RAN1 #109-e meeting, it was agreed to study the feasibility of semi-static resource pool sharing and dynamic resource sharing as possible solutions for co-channel coexistence. Examples of semi-static resource pool sharing (TDM and FDM) and dynamic resource sharing are shown in Figure 1.
In semi-static resource pool sharing, different resource pools (in TDM or FDM) are allocated for LTE SL and NR SL in the channel. Rel-14/15 LTE SL and Rel-16/17 5G NR SL already support this feature. However, the semi-static approach has several drawbacks. For example, in the existing pre-configuration for LTE-V2X PC5 (e.g., SAE J3161/1, ETSI EN 303 613), all time and frequency resources are allocated for LTE SL. So, once LTE SL is deployed, the update of the resource pool configuration may not be easy due to a long car life (> 10 years). In addition, due to the mobility of vehicles, the numbers of LTE SL radios and NR SL radios can dynamically change in time and space. So, even if the update of resource pool configuration is possible for LTE SL radios that were already deployed, the semi-static resource pool sharing may cause under-utilization or over-utilization (i.e., channel congestion) of spectrum due to the mismatch between the numbers of LTE SL radios and NR SL radios in a given time and location, and the amount of allocated resource pool for each RAT.
By contrast, in dynamic resource sharing, LTE SL and NR SL dynamically shares time-frequency resources in the same channel. Dynamic resource sharing enables efficient use of spectrum because time-frequency resources are used and shared by LTE SL and NR SL as needed, thereby reducing wasted resources. Since the available spectrum for V2X is limited, efficient use of spectrum is quite important. Therefore, dynamic resource sharing needs to be supported.
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Figure 1. [bookmark: _Ref100328246]Semi-static resource pool sharing (TDM and FDM) and dynamic resource sharing.

Observation 1: [bookmark: _Ref110856876]Semi-static resource pool sharing may cause under-utilization or over-utilization of spectrum (i.e., channel congestion) of spectrum due to the mismatch between the numbers of LTE SL radios and NR SL radios in a given time and location, and the amount of allocated resource pool for each RAT.
Observation 2: [bookmark: _Ref110856928]Dynamic resource sharing enables efficient use of spectrum because time-frequency resources are used by LTE SL and NR SL as needed, thereby reducing wasted resources.
Proposal 1: [bookmark: _Ref110856986][bookmark: _Hlk100318543]Dynamic resource sharing is supported.
Device types for co-channel coexistence
In the email discussion of the RAN1 #109-e meeting [3], the target device types for co-channel coexistence were discussed but not agreed. The latest proposal by the FL is as follows:
	Proposal 1-1 (V)
· For the study of co-channel coexistence solutions in Rel-18, at least device type A and type B are is considered.
· FFS: Whether type B devices are considered.
· For the study of co-channel coexistence solutions in Rel-18, the supported considered device type(s) coexist with type C devices in the same channel, type D and type E devices.
· Note: The considered device type(s) are backward compatible with Rel-16/17 devices and coexist when they operate over the same resource pool.
· Note:
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules
· Type B devices are Rel-18 devices that contain only NR SL modules
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules 
· Type D devices are Rel-16/17 devices that contain only NR SL modules
· Type E devices are Rel-16 devices that contain both LTE SL and NR SL modules based on in-device coexistence framework



In the email discussion, some concerns were raised on Type B devices. One view expressed was that Type B devices cannot receive basic V2X messages from LTE SL due to the lack of LTE SL modules. However, we think that the essence of Type B devices is a lack of information sharing capability between LTE SL and NR SL modules, rather than the lack of LTE SL module. That is, Type B devices can have both LTE SL and NR SL modules, but there is no information sharing between the two modules. Then, Type B devices can also receive basic V2X messages using the LTE SL module. With that definition, consideration of Type B devices in addition to Type A and C devices would be useful for flexible device implementation and cost reduction of Rel-18 devices. Therefore, we propose the following for Type A, B, and C devices.
Proposal 2: [bookmark: _Ref110856998]The following device types are considered for the study of co-channel coexistence solutions:
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules with the availability of sensing and resource reservation information from the LTE SL module
· Type B devices are Rel-18 devices that contain a NR SL module without the availability of sensing and resource reservation information from a colocalized LTE SL module (if any)
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules
Type A devices for dynamic co-channel coexistence 
At the RAN1#109e meeting, the following agreement was made regarding Type A devices:
	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.



For resource (re-)selection in Type A devices, the 3GPP RAN1#109e agreement implies that the LTE SL module will provide LTE SL sensing and resource reservation information to the NR SL module. The NR SL module will use this information for its resource (re-)selection.
However, as the LTE SL module and NR SL module may be part of two different hardware modules, possibly located at different parts of the vehicle, transfer of information from the LTE SL module to the NR SL module may incur some delay. 
In Rel-16/17 NR SL resource (re-)selection, there are timing requirements as follows: 
· For the NR SL initial resource selection, the time value  (in number of slots) defines the time duration after which the selection window starts, where  and  is defined in TS 38.214 Table 8.1.4-2. This means that the first resource within the selection window is in slot . 
· For the NR SL resource re-evaluation, the time value  defines the time (in relation to the start of the UE transmission, given by t) at which re-evaluation shall be performed (following sensing results received at slots ) to determine whether resource reselection is needed or not, where  is equal to . In other words, re-evaluation is performed at least at . It is up to UE implementation to re-evaluate before  or after  but before  .
Those NR SL timing requirements may not be valid anymore due to the information sharing delay from the LTE SL module to the NR SL module. Therefore, it appears that there is a need to study the impact of the information sharing delay.
Observation 3: [bookmark: _Ref110856936]For Type A devices, the NR SL timing requirements may not be valid anymore due to delays from the LTE SL module to the NR SL module.
Proposal 3: [bookmark: _Ref110857065]RAN1 to study the impact of information sharing delay between the LTE SL module and NR SL module in Type A devices (e.g., impact on NR SL timing requirements for resource (re-)selection).
· Note: This is to cope with a vehicle layout where the LTE SL module and NR SL module may be part of two different hardware modules, possibly located at different parts of the vehicle.
Type B devices for dynamic co-channel coexistence 
During the RAN1 #109-e meeting, a question was raised whether and how Type B devices should be supported:
	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.



As opposed to Type A and Type C devices, Type B devices do not have the capability of information sharing from the LTE SL module. Type C device can, per definition, perform LTE SL sensing and likewise Type A device can transfer LTE SL sensing information from the LTE SL module to the NR SL module. However, as of today, Type B devices lack LTE SL sensing and resource allocation information. Type C and Type B devices cannot exchange any LTE SL sensing information because they are based on different RATs, and the Rel-14/15 LTE SL and Rel-16/17 NR SL specifications do not support any mechanism for exchange of LTE SL sensing or resource allocation information between different devices over the radio interface.
One might argue that Type B devices should not be supported in dynamic resource sharing scenarios due to a lack of the capability to acquire LTE SL sensing information. A counterargument is that V2X technology should have the possibility to evolve beyond LTE SL. In the long term, LTE SL is expected to be phased out and replaced by NR SL and future generations, but most likely the same spectrum will be used in the future. If the lack of LTE SL sensing information can be used as an argument against Type B devices, the same argument can be used against 6G SL and any new technology generation. 
It also seems costly and not scalable to require that all V2X implementations must be equipped with modules of earlier technology generations as well as information sharing from those modules, e.g., all devices must have LTE SL modules and in future they must contain LTE SL and NR SL modules with information sharing capability. It is therefore proposed to study possible mechanisms for exchange of LTE SL sensing and resource reservation information to support Type B devices in dynamic co-channel co-existence scenarios.
Proposal 4: [bookmark: _Ref110857078]RAN1 to study solutions for Type B devices to obtain LTE SL sensing and/or LTE SL resource reservation information.
Constraints for dynamic co-channel coexistence solutions
In the email discussion of RAN1 #109-e meeting [3], constraints for dynamic co-channel coexistence solutions were discussed but not agreed. The latest proposal by the FL is as follows:
	Proposal 2-5 (III):
· For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, the following aspects are to be investigated:
· Handling of numerologies including, and 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.



The main discussion points are whether to consider higher SCSs (> 15 kHz) for NR SL. We think that supporting higher SCSs is important for NR SL. For example, higher SCSs are beneficial to mitigate the impact of a high Doppler shift and to reduce the packet transmission time and the turnaround time of HARQ feedback/retransmissions.
On the other hand, when we use higher SCSs for NR SL, there is AGC issue at LTE SL. This is because LTE SL always uses 15-kHz SCS with 1-ms subframe, whereas NR SL can use 15-kHz SCS with 1-ms slot, 30-kHz SCS with 0.5-ms slot, and 60-kHz SCSs with 0.25-ms slot in FR1. When NR SL uses a higher SCS than 15-kHz SCS, AGC issue can occur at LTE SL Rx UEs in the following cases:
· There are multiple NR SL transmissions from different NR SL UEs in the first slot and the second and/or later slot, in which the received power of a NR SL transmission in the later slot at LTE SL Rx UEs is higher than that in the first slot as shown in Figure 2 (a);
· There is NR SL transmission occurs only in the second and/or later slot as shown in Figure 2 (b).
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Figure 2. [bookmark: _Ref110089229]AGC issue at LTE SL UE when NR SL uses a higher SCS (e.g., 30 kHz).
Therefore, we propose to study solutions to support higher SCSs (> 15 kHz) for NR SL and mitigate associated technical issues (e.g., AGC issue).
Proposal 5: [bookmark: _Ref110857093]RAN1 to study solutions to support higher SCSs (> 15 kHz) for NR SL and mitigate associated technical issues (e.g., AGC issue).
Fairness issue in dynamic co-channel coexistence
Ensuring the fairness between NR SL and LTE SL falls within the WID [2] as stated below:
	Another aspect to consider is the V2X deployment scenario where both LTE V2X and NR V2X devices are to coexist in the same frequency channel. For the two different types of devices to coexist while using a common carrier frequency, it is important that there is mechanism to efficiently utilize resource allocation by the two technologies without negatively impacting the operation of each technology. This requirement was also mentioned as part of the input from 5G Automotive Association to the Rel-18 RAN Workshop.



In dynamic resource sharing, there is a fairness issue in terms of channel access between LTE SL and NR SL. As shown in Figure 3, Rel-14/15 LTE SL UEs cannot take into account NR SL resource reservation, and so Rel-14/15 LTE SL UEs cannot avoid using resources reserved by NR SL UEs. On the other hand, Rel-18 NR SL UEs (at least Type A devices) can take into account LTE SL resource reservation as well as NR SL resource reservation to avoid using resources reserved by both LTE SL and NR SL. In that case, Rel-14/15 LTE SL UEs will have more candidate resources, and Rel-18 NR SL UEs will have less candidate resources. It would negatively impact the performance of NR SL. In addition, Rel-14/15 LTE SL UEs may use resources reserved by NR SL UEs, which causes resource collisions and degrades the system performance of both LTE SL and NR SL. 
Also, as from the RAN1#109e agreements, for a Type A device, LTE SL information (e.g., LTE SL sensing and resource reservation) is provided from the LTE SL module to the NR SL module, but the opposite is not true. This means that the NR SL module of the Type A device may be able to avoid resource collisions with LTE SL, but the LTE SL module of the Type A device may not be able to avoid resource collisions with NR SL if the Type A device transmits LTE SL packets using the LTE SL module. So, the same fairness issue occurs for Rel-18 Type A devices.
This fairness issue stems from the fact that NR SL use a different waveform, packet structure, and SCI format from LTE SL, and Rel-14/15 LTE SL UEs (i.e., Type C devices) cannot detect and decode NR SL SCI and thus cannot take into account NR SL resource reservation. Therefore, we propose to study solutions that enable mutual detection of control signaling (at least resource reservation) between Rel-14/15/18 LTE SL UEs and Rel-18 NR SL UEs, without changing LTE SL specifications.
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Figure 3. [bookmark: _Ref110082117]Fairness issue in dynamic resource sharing.

Observation 4: [bookmark: _Ref110856945]A fairness issue in terms of channel access occurs between Rel-14/15/18 LTE SL and Rel-18 NR SL in dynamic resource sharing due to a lack of NR SL SCI decoding capability in Rel-14/15 Type C devices.
Observation 5: [bookmark: _Ref110856957]A fairness issue in terms of channel access occurs within Rel-18 Type A devices between LTE SL and NR SL due to the asymmetrical use of module information transfer.
Observation 6: [bookmark: _Ref110856965]Rel-14/15/18 LTE SL may use resources reserved by Rel-18 NR SL, which causes resource collisions between LTE SL and NR SL and degrades the system performance of both LTE SL and NR SL.
Proposal 6: [bookmark: _Ref110857104]RAN1 to study solutions that enable mutual detection of control signaling (at least resource reservation) between Rel-14/15/18 LTE SL UEs and Rel-18 NR SL UEs, without changing LTE SL specifications.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Semi-static resource pool sharing may cause under-utilization or over-utilization of spectrum (i.e., channel congestion) of spectrum due to the mismatch between the numbers of LTE SL radios and NR SL radios in a given time and location, and the amount of allocated resource pool for each RAT.
Observation 2: Dynamic resource sharing enables efficient use of spectrum because time-frequency resources are used by LTE SL and NR SL as needed, thereby reducing wasted resources.
Observation 3: For Type A devices, the NR SL timing requirements may not be valid anymore due to delays from the LTE SL module to the NR SL module.
Observation 4: A fairness issue in terms of channel access occurs between Rel-14/15/18 LTE SL and Rel-18 NR SL in dynamic resource sharing due to a lack of NR SL SCI decoding capability in Rel-14/15 Type C devices.
Observation 5: A fairness issue in terms of channel access occurs within Rel-18 Type A devices between LTE SL and NR SL due to the asymmetrical use of module information transfer.
Observation 6: Rel-14/15/18 LTE SL may use resources reserved by Rel-18 NR SL, which causes resource collisions between LTE SL and NR SL and degrades the system performance of both LTE SL and NR SL.

Proposal 1: Dynamic resource sharing is supported.
Proposal 2: The following device types are considered for the study of co-channel coexistence solutions:
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules with the availability of sensing and resource reservation information from the LTE SL module
· Type B devices are Rel-18 devices that contain a NR SL module without the availability of sensing and resource reservation information from a colocalized LTE SL module (if any)
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules
Proposal 3: RAN1 to study the impact of information sharing delay between the LTE SL module and NR SL module in Type A devices (e.g., impact on NR SL timing requirements for resource (re-)selection).
· Note: This is to cope with a vehicle layout where the LTE SL module and NR SL module may be part of two different hardware modules, possibly located at different parts of the vehicle.
Proposal 4: RAN1 to study solutions for Type B devices to obtain LTE SL sensing and/or LTE SL resource reservation information.
Proposal 5: RAN1 to study solutions to support higher SCSs (> 15 kHz) for NR SL and mitigate associated technical issues (e.g., AGC issue).
Proposal 6: RAN1 to study solutions that enable mutual detection of control signaling (at least resource reservation) between Rel-14/15/18 LTE SL UEs and Rel-18 NR SL UEs, without changing LTE SL specifications.
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