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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
An objective for NR sidelink evolution has been approved in RAN#94-e [1], which to discuss the co-channel coexistence for LTE sidelink and NR sidelink. The scope includes following:
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
Unlike LTE sidelink is designed to operate in band 47 only [2], NR sidelink is designed to operate in multiple bands including n14, n38, n47, and n79 [3]. However, band 47 and band n47 share the same bandwidth range (i.e. 5855 MHz ~ 5925 MHz). Thus, LTE sidelink and NR sidelink can coexist on the same spectrum, i.e. co-channel coexistence. In this contribution, how to support the co-channel coexistence issues between LTE sidelink and NR sidelink is discussed, including potential solutions for co-channel coexistence, and associated simulation results are provided.
2 [bookmark: _Ref111062683]Device types for co-channel co-existence
Supporting co-channel coexistence of LTE sidelink and NR sidelink is particularly requested by 5GAA. The motivation is with the number of vehicles supporting NR-V growing gradually, more and more LTE-V equipment will be retired from market, so the spectrum allocated for LTE-V would become vacant. By utilizing co-channel coexistence of LTE sidelink and NR sidelink, the released resources could be used by NR-V automatically. However, on the co-existence band (i.e. ITS band), as long as there are deployed LTE-V users, it is still quite essential to guarantee that all NR SL users can receive and decode LTE-V safety related messages. Otherwise, traffic accidents may happen and endanger human’s life.
In RAN1#109-e, RAN1 discussed intensively on the supported NR SL device types for coexisting with LTE SL in Rel-18. Type A and Type B devices as below are considered:
· Type A devices are devices that contain both LTE SL and NR SL modules
· Type B devices are devices that contain only NR SL modules
	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.


Type B devices, also mentioned by many companies during the meeting, cannot receive and decode LTE-V safety related messages on ITS band due to the absence of LTE-V module, and may cause unpredictable consequence such as traffic accident. Thus, Type B devices is not appropriate to be considered in the study of co-channel coexistence. 
In addition, proponent of Type A devices also pointed out that following the WID objective that “Reuse the in-device coexistence framework defined in Rel-16 as much as possible”, Rel-18 NR devices are assumed to implement the in-device coexistence framework in Rel-16 which NR devices have an LTE SL module as well.
Therefore, to avoid the potential issues caused by Type B devices failing to decode LTE safety information and follow the description of WID, Type B devices should be not supported.
Proposal 1: For co-channel coexistence in Rel-18, devices containing NR sidelink module shall be also able to decode LTE sidelink transmissions by its in-device LTE sidelink module. 
Meanwhile, companies who support Type B explained that Type B devices could be still possible to decode the BSM from LTE-V UE. Specifically, the Type B UE can contain LTE SL modules to decode LTE-V safety messages, but the LTE SL modules is not used for co-channel coexistence purpose. Technically, if this is the understanding of Type B devices, then it seems Type B devices refer to the following Type A2 devices, i.e., RAN1 still only considers Type A devices and make sub-types of Type A (if necessary).
· Type A devices are devices that contain both LTE SL and NR SL modules
· Type A1: use both LTE SL and NR SL modules for co-channel coexistence purpose
· Type A2: use only NR SL module for co-channel coexistence purpose
To take the dedicated solutions for co-channel coexistence explained in section 4 into account, Type A1 and A2 devices may support different solution(s). For the solution of semi-static resource pool partitioning, it can be supported by Type A1 devices without any impact on Rel-16 specification. Furthermore, dynamic coexistence can be also supported by Type A1 devices. As per Rel-16 short-term TDM in-device coexistence, information such as DFN, slot index, and priority are exchanged between LTE-V module and NR-V module within a Type A1 device. In Rel-18, additional information, such as sensing results from LTE-V module can be exchanged as well in this manner. Then, the type A1 devices can exclude corresponding resources reserved by both NR-V and LTE-V devices in the same resource pool. Thus, the impact to the LTE-V’s performance can be avoided.
On the other hand, a Type A2 device has limitations on co-channel coexistence between NR-V and LTE-V since resources reserved by LTE-V UEs will not be delivered to its in-device NR-V module. 
· [bookmark: _GoBack]For semi-static resource pool partitioning, separate resources are (pre-)configured to LTE-V and NR-V. Therefore, the resources selected by a Type A2 device will not overlap with those of LTE-V. The semi-static resource pool partitioning, which is already supported by current RAN1 specification, is applicable for Type A2 device
· However, for dynamic resource sharing, it may lead to conflict if Type A2 devices use any resource shared from LTE-V. Since neither Type A2 devices nor the LTE-V device is capable to decode the reservation information from each other, the collision might not be avoided. Companies proposed to introduce inter-UE coordination in the last meeting to help to mitigate the collision. However, the IUC message is not always feasible: 1) There could be no Type A1 device in Type A2’s proximity for assistance; 2) Type A1 may not support IUC feature. The inter-UE coordination could not help to resolve all problems brought by type A2 devices, and will also complicate specification work. 
Thus, dynamic resource sharing is not applicable for Type A2 devices.
Proposal 2: For NR-V and LTE-V co-channel co-existence in Rel-18,
· RAN1 only discusses enhancements related to Type A1 device.
· RAN1 assumes Type A2 device already works in semi-static resource pool partitioning solution. Type A2 device in dynamic resource sharing solution is not supported.
· Type B device is not supported.
· Note:
· A Type A1 device contains both LTE SL and NR SL modules, and use both modules for co-channel coexistence purpose.
· A Type A2 device contains both LTE SL and NR SL modules, and use only NR SL module for co-channel coexistence purpose.
· A Type B device contains only NR SL module.
3 Combination of resource allocation modes for co-channel co-existence
In RAN1#109-e meeting [4], RAN1 has made an agreement for resource allocation combination A. However, RAN1 still has no consensus on whether to support combination B and/or combination C.
	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).

	(Copied from chairman note of RAN2#113[5])
RAN2 reconfirms that resource pool sharing between resource pool for mode 1 and mode2 is not allowed in Rel-16. No standard effort to support it in Rel-16.


Supporting Combination B will lead to the fact that gNB-scheduled resource allocation and UE autonomous resource allocation coexists in the same resource pool. Noted, coexistence between two RA modes (i.e. mode 1 and mode 2) in the same resource pool is not allowed in Rel-16 NR-V, as shown above in [5], since gNB cannot be aware that which resources are reserved by Mode-2 UEs. Same issue is encountered for supporting combination B, which the gNB does not know associated reserved resources of the Mode-4 LTE SL. A possible way to resolve the problem is to ask NR SL Mode-1 UEs to report all reservations from LTE-V to gNB. However, it is a complex procedure for a Mode-1 UE to decode all LTE-V’s reservation information and then report it to the gNB. Considering all the information shall be reported in a timely manner, it is a heavy burden to NR-V UE with uncertain gains. It cannot be seen the scenario nor benefit to support this Combination B for Rel-18 co-existence.
Supporting Combination C can rely on a LTE Mode-3 UE reporting its sensing result to an eNB. As RAN1 already agreed that no changes in the LTE SL specifications are allowed, an LTE Mode-3 UE is not able to report its sensing result. Thus, Combination C is not feasible.
The main intention of this objective in the work item is to consider NR/LTE coexistence in ITS bands. The most challenging scenario for co-channel coexistence of NR SL and LTE SL is when NR SL operates in Mode 2 and LTE SL operates in Mode 4. This would also be the typical deployment in many regions. Considering the requirements from 5GAA and the limited TU in RAN1, it does not need to spend time discussing combination B and C. 
Proposal 3: For NR-V and LTE-V co-channel co-existence, only Combination A (Mode 2 NR SL + Mode 4 LTE SL) is supported.
4 Potential solutions for co-channel coexistence
In Rel-16, the in-device coexistence of NR-V and LTE-V are supported in separate resources pools. These two resources pools can be TDMed or FDMed (pre-)configured in different carriers, as shown in Figure 1. And then NR-V and LTE-V traffic can be transmitted in the two resource pools separately.
[image: ]
[bookmark: _Ref111226620]Figure 1 Resource pools for LTE sidelink and NR sidelink are TDMed or FDMed in Rel-16
To support Rel-18 coexistence, two potential solutions have been identified during the discussion of RAN1#109-e as below. Details are discussed in section 4.1 and 4.2.
	Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.



4.1 [bookmark: _Ref110524665]Solution Alt 1: semi-static resource pool partitioning
For co-channel coexistence Alt 1, part of resources in LTE-V resource pool, are re-configured to the
NR-V resource pool by updating the resource pool configuration of both LTE sidelink and NR sidelink. Taking the Figure 2 (coexistence via TDM) as an example, the green resources, which were originally (pre-)configured to LTE-V, are re-configured to NR-V later. Then, the resource pool for NR-V consists of resources marked in both yellow and green.

[image: ]
[bookmark: _Ref109401249]Figure 2 TDMed semi-static resource pool partitioning
The issue of re-allocating the resources between LTE-V sidelink and NR-V sidelink is discussed in RAN1#109-e. And the feature lead summarized as following.
	FL’ Recommendation[7]:
 It is clear that for semi-static resource sharing to work as a solution for co-channel coexistence, it is vital for already deployed LTE SL UEs to update and reconfigure their resource pool configurations. Based on the comments received from companies, it is theoretically possible to carry out the updates, but its feasibility in carrying out the updates is questionable and not in the scope of RAN1’s discussion.


To achieve the purpose of re-allocating the resources between LTE-V sidelink and NR-V sidelink, both RRC configuration and pre-configuration can be updated. Details about (pre-)configuration paths can be found in [6].
For the cases that the associated parameters cannot be updated over-the-air, for example, due to absence of Uu module or out-of-coverage, updates of the configurations via a wired manner is also feasible, e.g., the vehicle owner can visit the vehicle store to update the configurations locally. The details to apply the update depend on local regulations and are not in the scope of RAN1’s discussion.
Thus, RAN1 can assume that re-allocating the resources between LTE-V sidelink and NR-V sidelink is feasible. And no more specification modification is necessary.
Observation 1: Current RAN1 and RAN2 specification allows resource pool partitioning between LTE sidelink and NR sidelink, which is a simple and effective way to support co-channel co-existence of the two RATs.
In FL’s summary made in RAN1#109-e meeting [7], the SCS issue of NR SL were discussed and following proposal was considered for an agreement:
	Proposal 2-3(IV): 
For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, the SL BWP configured with NR SL resource pools for NR SL is limited to with a SCS of 15 kHz is considered, which is the same SCS as LTE SL.
FFS: Whether/how to consider other SCSs



[image: ]
[bookmark: _Ref109722727]Figure 3 frame structure when NR SL BWP is configured with 15 kHz and 30k Hz SCS
In Rel-16, the SCS of a NR-V SL BWP can be (pre-)configured with 15, 30 or 60kHz. And LTE-V only supports 15 kHz SCS. When NR-V applies a SCS different from LTE-V, for the TDMed case shown in Figure 2, it will not affect the reception of LTE-V. However, the situation becomes different in the FDMed case, as shown in Figure 3. 
Taking an example that a NR-V device only transmits in the second half subframe of LTE-V. Since LTE-V only adjusts its AGC at the starting symbol, the received power may exceed the maximum power limitation for AGC adjustment in the second half subframe. Besides the impact from NR-V’s PSCCH/PSSCH, if PSFCH and LTE-V are transmitted in the same slot/subframe, it also leads to a risk of exceeding the maximum received power derived from AGC. Therefore, considering LTE-V cannot adjust its AGC in the middle of the subframe, supporting FDMed semi-static resource pool partitioning is difficult. 
For FDMed case, the resource pools of LTE-V and NR-V cannot be adjacent in the frequency domain in the same channel due to interference. An easy way is to define guard bands between two resource pools. In Rel-16, associated RF parameters are not defined in RAN4, because it is assumed that LTE-V and NR-V operate in different carriers respectively. However, in Rel-18 co-channel coexistence, it will take additional effort in RAN4 to discuss how to set the guard band between resource pools in a carrier and define related RF parameters. 
Therefore, considering the difficulties on the usage of FDMed case and additional workload on RAN4, RAN1 should not support the FDM-based semi-static resource pool partitioning. 
 Proposal 4: For semi-static resource pool partitioning as a solution for co-channel coexistence:
· Support TDM-based resource pool partitioning when the NR SL BWP is configured with 15 kHz, 30 kHz, or higher SCS.
· Not support FDM-based resource pool partitioning.
4.2 [bookmark: _Ref110524677]Solution Alt 2: dynamic resource sharing
Based on the agreement in RAN1 #109-e, dynamic resource sharing, i.e. the solution Alt.2, is agreed for a possible solution to study the feasibility [4]. 
	Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.


For the Alt 2, shown as Figure 4, some resources configured to LTE-V are dynamically used by NR-V. Since LTE-V based products are already commercially deployed in some countries/regions, such kind of resource sharing shall not impact the LTE-V performance, neither the specification of LTE-V. 

[image: ]
[bookmark: _Ref102047934]Figure 4. Resources belong to LTE-V are dynamically used by NR-V
To study the feasibility of dynamic resource sharing, following issues should be discussed and clarified:
· Resource pool (pre-)configuration
[image: ]
[bookmark: _Ref111060705][bookmark: _Ref111060700]Figure 5 Two separate resource pools are configured to Rel-18 devices
All the resources belong to LTE-V’s resource pool and Rel-16/17 NR-V's resource pool can be used by Rel-18 NR-V. However, two separate resource pools shall be configured to Rel-18 NR-V. A dedicated resource pool is used for co-channel co-existence with LTE-V, as the blue boxes with shadowing in Figure 5. And this resource pool only has resources shared from LTE-V. Rel-18 NR-V operate in this resource pool without affecting the transmission of LTE-V. For example, Type A1 device use the resources which are not reserved by any LTE-V device. As Rel-16/Rel-17 NR-V UEs cannot exclude the resource reserved by LTE-V, this dedicated resource pool is not used for communication with Rel-16/Rel-17 NR-V UEs. If the Rel-18 UEs and legacy Rel-16/17 UEs need to communicate with each other, the second resource pool can be used. This second resource pool refers to the resources (pre-)configured to NR-V in Rel-16/17.
Proposal 5: For Rel-18 co-channel co-existence via dynamic resource sharing, one dedicated resource pool which consists of shared resources is used for co-channel co-existence with LTE-V. 
· This dedicated resource pool is not used for communication with Rel-16/Rel-17 NR-V UEs.
·  Issues due to different SCS configured for NR-V and LTE-V
[image: ]
[bookmark: _Ref110518640]Figure 6 AGC and GAP symbols are aligned when NR SL BWP is configured with 15 kHz SCS
LTE-V only supports 15 kHz SCS. If NR-V is assumed to be deployed with 15k Hz SCS when coexisting with LTE-V. The slot/subframe boundaries of LTE-V and NR-V, including AGC and GAP symbols, are aligned with each other as shown in Figure 6. In the slot where NR-V is received, the reception of LTE-V is not affected. Thus, it works well in co-channel co-existence when NR SL BWP is configured with 15 kHz SCS.
In NR sidelink, SCS is (per-)configured per BWP. And only a single BWP is supported in NR-V. For example, Rel-16's SL BWP is configured as the mandatory 30 kHz. If the Rel-18 UE needs to support both co-existing with LTE-V and communicating with legacy Rel-16 UEs within this BWP in separate resource pools, as shown in Figure 7, 30 kHz SCS is necessary in this objective. Otherwise, the UE that supports co-existence cannot communicate with legacy Rel-16 UE. And vice versa.
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[bookmark: _Ref111232726]Figure 7 NR-V’s two resource pools are (per-)configured in a BWP with only one SCS
Observation 2: 30 kHz SCS is necessary for a Rel-18 UE to support both co-existing with LTE-V UEs and communicating with legacy Rel-16/Rel-17 UEs within the same SL BWP.
In co-channel co-existence, if the two RATs sharing the same resource pool have different numerologies, e.g. 15 kHz SCS for LTE-V and 30 kHz SCS of NR-V, following AGC issue caused by misaligned frame boundaries between LTE-V and NR-V needs to be addressed.
LTE-V’s performance will be impacted by NR-V transmitted in the same subframe, as analyzed in semi-static FDMed case in section 4.1. The received power may exceed the maximum power threshold if the AGC result corresponding to the 1st LTE-V symbol is still applied to the reception in the second half subframe. And thus, the data in the second half subframe cannot be decoded correctly. 
Observation 3: For Alt2 (dynamic resource sharing), different SCS used for NR-V and LTE-V lead to AGC issue on LTE-V reception and cause decoding failure for LTE-V.
Considering the limited TU, whether/how to support 30 kHz SCS is subject to following conditions. 
· Condition1: LTE-V’s performance is not impacted by NR-V
· Condition2: A simple and unified solution under different SCS shall be specified in RAN1.
A simple way is that LTE-V packet and NR-V packet are not transmitted in the same slot. Thus, the packet from two RATs are TDMed transmitted in the same resource pool. The above issues such as AGC, is avoided. 
Proposal 6: For NR-V and LTE-V co-channel co-existence via dynamic resource sharing,
· Support at least 15 kHz SCS for NR-V.
· RAN1 further studies whether/how to support other SCS for NR-V subject to the following principles:
· Principle 1: LTE-V’s performance is not impacted by NR-V.
· Principle 2: RAN1 strives to have simple and unified design for different SCS to minimize the specification impact.
· NR-V PSFCH occasion 
The configuration of PSFCH on the resource pool shared from LTE-V (i.e. the first resource pool in Figure 5) would lead to impact on the LTE-V transmissions. Following the Rel-16 procedure, the PSFCH resource is configured semi-statically in a resource pool and not overlapped any resources for NR-V PSCCH/PSSCH transmission. However, in the RP shared from LTE-V, the resource of PSFCH may be overlapped with a resource carrying LTE-V PSCCH/PSSCH. Thus, decoding reliability at both LTE-V and NR-V sides will be affected. 
Observation 4: For Alt2 (dynamic resource sharing), collision may occur when LTE-V PSCCH/PSSCH and NR-V PSFCH are transmitted in the shared resource.
In addition, AGC issues on LTE-V also occurs when the PSFCH transmission is FDMed with LTE-V PSCCH/PSSCH. Too many PSFCH transmissions in the last three symbols of a subframe may invalidate the AGC of LTE-V adjusted on the first symbol of the subframe.
One direction to resolve above issues is that no PSFCH resource is pre-configured in such shared resource shown in Figure 8. However, it will lead to the fact that HARQ is disabled in the 1st resource pool as shown in Figure 5. The reliability of NR-V transmission in this resource pool cannot be guaranteed.
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[bookmark: _Ref111227794]Figure 8 PSFCH from NR-V is not allowed in any shared resource reserved by LTE-V
The other direction is that PSFCH cannot be transmitted when it is overlapped with any resource reserved by LTE-V. For example, a Rx UE can choose not to transmit the HARQ feedback when the PSFCH is overlapped with any LTE-V’s reservation.
Proposal 7: For NR-V and LTE-V co-channel co-existence via dynamic resource sharing, 
· PSFCH occasions are (pre-)configured in the shared resource pool as in Rel-16 NR-V.
· PSFCH can be transmitted only if the PSFCH resource is not overlapped with LTE-V’s reservation.
· Sensing and resource allocation:
Given that NR-V and LTE-V are designed differently, it is not possible to re-design a new set of NR-V channels/signals to be transmitted in an LTE-V manner such that LTE-V can detect presence of NR-V. Thus, Rel-16 in-device coexistence framework is a reasonable way forward, as stated in the WID. 
 Observation 5: For Alt 2 (dynamic resource sharing), Rel-16 in-device coexistence framework shall be used to avoid large amount of specification workload in terms of re-designing NR-V. 
For a NR-V UE, it has to be able to detect reservation of LTE-V via its internal LTE-V module, and combine sensing results of LTE-V module and NR-V sensing results of NR-V module. In this way, resource selection of Rel-18 NR-V can avoid potential resource collisions to LTE-V. As analyzed in section 2, the inter-UE coordination could not help to resolve all problems brought by type A2 devices, and will also complicate the whole design. Thus, sharing LTE-V’s sensing results between two modules within a type A1 device is a reasonable and simple way for resource allocation.
In RAN1#109-e meeting [4], RAN1 has made an agreement for resource allocation in Alt2 as following. However, details have not been clarified.
	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.
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Figure 9 candidate resource set based on LTE-V’s reservation is reported to NR-V’s MAC layer
For the case when SL BWP is configured with 15 kHz SCS, the NR-V MAC layer can select resources from intersection of candidate resource sets obtained from NR-V module and from LTE-V module. Therefore, Rel-18 UE can avoid to select those resources which is assessed to be interfered to another LTE-V UEs. In addition, selection in MAC layer does not introduce any physical layer specification impact in Rel-18, and thus to reduce the workload of RAN1 greatly. For the MAC layer’s specification impact, the procedure of obtaining intersection of candidate resource sets is very similar to the procedure of combining preferred resource set and UE B’s own candidate resource set in Rel-17 inter-UE coordination scheme 1 preferred operation.
For the case when NR SL BWP is configured with 30 kHz SCS, additional restrictions in MAC layer is necessary. In order to avoid the simultaneous reception or transmission between LTE-V and NR-V, MAC layer can select resources within the candidate resource set which are not overlapped with any LTE-V’s reserved resources in time domain.
In Rel-16, information such as DFN, slot index, and priority are exchanged between LTE-V module and NR-V module to support short-term co-existence. Similar with Rel-16, candidate resource set from in-device LTE-V module will be further exchanged. Thus, there would be no issue on the interaction between LTE-V module and NR-V module within a given processing latency.
	[bookmark: _Toc106629485][bookmark: _Toc45699238][bookmark: _Toc36498210][bookmark: _Toc29917335][bookmark: _Toc29899599][bookmark: _Toc29899181][bookmark: _Toc29894882](Copied from TS 38.213 clause 16.2.4.1[8])
If a UE 
-	would transmit a first channel/signal using E-UTRA radio access and second channels/signals using NR radio access, and
-	a transmission of the first channel/signal would overlap in time with a transmission of the second channels/signals, and
-	the priorities of the channels/signals are known to both E-UTRA radio access and NR radio access at the UE  msec prior to the start of the earliest of the two transmissions, where  and is based on UE implementation, 


For the timeline issue in the resource allocation of NR-V module, no additional specification is necessary in RAN1. In Rel-16, information from LTE-V are delivered to in-device NR-V module in advance of T ms, where T≤4 and is based on UE implementation [8]. The same timeline can be reused in Rel-18 and no further modification is necessary.
Proposal 8: For Rel-18 co-channel co-existence via dynamic resource sharing, 
· When NR-V numerology is 15 kHz, 
· LTE-V module shares candidate resource set to NR-V module.
· NR-V module MAC layer takes intersection between LTE-V candidate resource set and NR-V candidate resource set to obtain the available candidate resource set.
· R16 NR-V timeline for in-device coexistence is reused, i.e., information from LTE-V are delivered to in-device NR-V module in advance of T ms, where T≤4 and is based on UE implementation.
· FFS the case when other NR-V numerology is used.
5 Simulation results
[bookmark: _Ref520964094][bookmark: _Ref521488396]In order to compare the performance of the two alternatives for co-channel coexistence of LTE sidelink and NR sidelink, different RP configuration and traffic model should be considered. For simplification, we reuse the parameters of Rel-17 NR sidelink power consumption model with some necessary modifications as shown in Table 1 in Appendix A. 
In this section, the simulation results of PRR for the two alternatives are provided. Based on the simulation results of the following 3 cases, there is no clear performance difference between Alt 1 and Alt 2 solutions. 
· Case1: FDMed resource pools for NR-V and LTE-V (Alt 1 with FDM configuration)
· Assumption: RP configuration matches traffic density.
· Case 2: TDMed resource pools for NR-V and LTE-V (Alt 1 with TDM configuration)
· Assumption: RP configuration matches traffic density 
· Case 3: Mixed NR-V and LTE-V in a shared resource pool for NR-V and LTE-V (Alt 2)
· Low traffic density for LTE-V and medium traffic density for NR-V
To begin with, we simulate the cases when LTE-V UEs use the low traffic density and NR-V UEs use the medium traffic density. This is a typical scenario when LTE-V is retiring from the network. For case 1, LTE-V resource pool consists of 2-subCHs while NR-V resource pool consists of 3-subCHs in frequency domain. For case 2, the ratio of LTE-V resource pool and NR-V resource pool in time domain is 1: 2. The simulation results under urban and periodic/aperiodic traffic are given in Figure 10 and Figure 11. For mixed NR-V and LTE-V case (i.e. Case 3), where all the UEs share the same resource pool, where the NR-V UE performs sensing and resource exclusion based on both reservation from LTE-V via its internal LTE-V module and from NR-V via its internal NR-V module, i.e. a NR-V2X UE can avoid resource reservation potentially collide with LTE-V.
It can be observed that there is no clear performance difference among the three cases in both periodic/aperiodic traffic.
[image: ]
[bookmark: _Ref100687469]Figure 10: NR-V/LTE-V PRR, with low traffic density for LTE-V and medium traffic density for NR-V in aperiodic traffic

[image: ]
[bookmark: _Ref100687586]Figure 11: NR-V/LTE-V PRR with low traffic density for LTE-V and medium traffic density for NR-V in periodic traffic
· Medium traffic density for LTE-V and low traffic density for NR-V
In addition, we also simulate another traffic pattern where LTE-V UEs use the medium traffic density and NR-V UEs use the low traffic density. Under this situation. For case 1, LTE-V resource pool consists of 3-subCHs while NR-V resource pool consists of 2-subCHs in frequency domain. For case 2, the ratio of LTE-V resource pool and NR-V resource pool in time domain is 2:1. The simulation results under urban and periodic/aperiodic traffic are given in Figure 12 and Figure 13. Similar with the simulation results above, it can be observed that all the three cases share similar performances. 
[image: ]
[bookmark: _Ref100688180]Figure 12: NR-V/LTE-V PRR with medium traffic density for LTE-V and low traffic density for NR-V in aperiodic traffic
[image: ]
[bookmark: _Ref100688193]Figure 13: NR-V/LTE-V PRR with medium traffic density for LTE-V and low traffic density for NR-V in aperiodic traffic

Based on all the simulation results above, there is no clear performance difference between Alt 1 and Alt 2 solutions. 
Observation 6: Based on simulation results, Alt 2 (dynamic resource sharing) has no obvious PRR performance gain compared with Alt 1 (semi-static resource pool partitioning).
6 Conclusions 
In this contribution, we discuss the co-channel coexistence issues between LTE sidelink and NR sidelink in Rel-18 sidelink evolution. Two potential solutions are analyzed in our paper. For solution Alt1 (resource pool separation), it is simple and feasible with no specification impact. For solution Alt2 (dynamic resource sharing), behavior and performance of LTE-V should not be impacted. We have the following observations and proposals: 
Observation 1: Current RAN1 and RAN2 specification allows resource pool partitioning between LTE sidelink and NR sidelink, which is a simple and effective way to support co-channel co-existence of the two RATs.
Observation 2: 30 kHz SCS is necessary for a Rel-18 UE to support both co-existing with LTE-V UEs and communicating with legacy Rel-16/Rel-17 UEs within the same SL BWP.
Observation 3: For Alt2 (dynamic resource sharing), different SCS used for NR-V and LTE-V lead to AGC issue on LTE-V reception and cause decoding failure for LTE-V.
Observation 4: For Alt2 (dynamic resource sharing), collision may occur when LTE-V PSCCH/PSSCH and NR-V PSFCH are transmitted in the shared resource.
Observation 5: For Alt 2 (dynamic resource sharing), Rel-16 in-device coexistence framework shall be used to avoid large amount of specification workload in terms of re-designing NR-V. 
Observation 6: Based on simulation results, Alt 2 (dynamic resource sharing) has no obvious PRR performance gain compared with Alt 1 (semi-static resource pool partitioning).

Proposal 1: For co-channel coexistence in Rel-18, devices containing NR sidelink module shall be also able to decode LTE sidelink transmissions by its in-device LTE sidelink module. 
Proposal 2: For NR-V and LTE-V co-channel co-existence in Rel-18,
· RAN1 only discusses enhancements related to Type A1 device.
· RAN1 assumes Type A2 device already works in semi-static resource pool partitioning solution. Type A2 device in dynamic resource sharing solution is not supported.
· Type B device is not supported.
· Note:
· A Type A1 device contains both LTE SL and NR SL modules, and use both modules for co-channel coexistence purpose.
· A Type A2 device contains both LTE SL and NR SL modules, and use only NR SL module for co-channel coexistence purpose.
· A Type B device contains only NR SL module.
Proposal 3: For NR-V and LTE-V co-channel co-existence, only Combination A (Mode 2 NR SL + Mode 4 LTE SL) is supported.
Proposal 4: For semi-static resource pool partitioning as a solution for co-channel coexistence:
· Support TDM-based resource pool partitioning when the NR SL BWP is configured with 15 kHz, 30 kHz, or higher SCS.
· Not support FDM-based resource pool partitioning.
Proposal 5: For Rel-18 co-channel co-existence via dynamic resource sharing, one dedicated resource pool which consists of shared resources is used for co-channel co-existence with LTE-V. 
· This dedicated resource pool is not used for communication with Rel-16/Rel-17 NR-V UEs.
Proposal 6: For NR-V and LTE-V co-channel co-existence via dynamic resource sharing,
· Support at least 15 kHz SCS for NR-V.
· RAN1 further studies whether/how to support other SCS for NR-V subject to the following principles:
· Principle 1: LTE-V’s performance is not impacted by NR-V.
· Principle 2: RAN1 strives to have simple and unified design for different SCS to minimize the specification impact.
Proposal 7: For NR-V and LTE-V co-channel co-existence via dynamic resource sharing, 
· PSFCH occasions are (pre-)configured in the shared resource pool as in Rel-16 NR-V.
· PSFCH can be transmitted only if the PSFCH resource is not overlapped with LTE-V’s reservation.
Proposal 8: For Rel-18 co-channel co-existence via dynamic resource sharing, 
· When NR-V numerology is 15 kHz, 
· LTE-V module shares candidate resource set to NR-V module.
· NR-V module MAC layer takes intersection between LTE-V candidate resource set and NR-V candidate resource set to obtain the available candidate resource set.
· R16 NR-V timeline for in-device coexistence is reused, i.e., information from LTE-V are delivered to in-device NR-V module in advance of T ms, where T≤4 and is based on UE implementation.
· FFS the case when other NR-V numerology is used.
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Appendix A: Evaluation Assumptions
[bookmark: _Ref100764077]Table 1: Basic simulation assumptions for NR-V and LTE-V co-channel coexistence
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	RP configuration
	One RP, where 5 sub-CHs are configured, each consists of 10 PRBs. One PSSCH consists of 2 sub-CHs

	Resource allocation
	Full-sensing mode 2
For dynamic sharing (i.e. Alt2), assuming Rel-18 UE select resource based on the reservation information from both LTE-V and NR-V.

	Synchronization
	Ideal time frequency synchronization

	Link & cast type
	Direct vehicle-to-vehicle link, unicast; Interference is considered among V2V links.

	Antenna model
	TR 37.885 Option 1

	Deployment and UE drop
	Urban-A as defined in TR 37.885 for 500 V-UEs.

	Traffic model
	For both LTE-V and NR-V:
For periodic traffic:
Low traffic intensity
· Inter-packet arrival time: 100 ms
· Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
· Latency requirement: 100 ms
Medium traffic intensity
· Inter-packet arrival time: 50 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 50 ms

For aperiodic traffic:
Low traffic intensity
· Inter-packet arrival time: 100 ms + an exponential random variable with the mean of 100 ms
· Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
· Latency requirement: 100 ms
Medium traffic intensity
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 50 ms

	Retransmission
	Blind-retransmission

	Synchronization
	Ideal time frequency synchronization

	Link & cast type
	Direct vehicle-to-vehicle link, unicast; Interference is considered among V2V links.

	Antenna model
	TR 37.885 Option 1
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