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Introduction
At RAN1#111 meeting, several agreements were achieved related to co-channel coexistence for LTE sidelink and NR sidelink as follows [1].
	 Agreement
Based on the agreement in RAN1#110bis-e, the value of Tmax = 4 ms.

Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.



[bookmark: OLE_LINK22]In this contribution, we continue to discuss remaining open issues for co-channel coexistence for LTE sidelink and NR sidelink and propose related solutions. Section 2 discusses the design principles of co-channel coexistence mechanism. Section 3 discusses the priority of SRPP and DRPS schemes. Section 4 discusses the types of devices which should be supported for co-channel coexistence. Section 5 discusses the combinations of operational modes which should be considered for co-channel coexistence. Section 6 discusses the semi-static resource pool partition for LTE sidelink and NR sidelink and Section 7 discusses the dynamic resource pool sharing for LTE sidelink and NR sidelink. Section 8 provides the system level performance evaluation results. Section 9 summarizes the proposals and observations with conclusions.
[bookmark: _Ref101028239]Requirements and design principles of co-channel coexistence mechanism
In Rel-16, sidelink communication was developed in RAN mainly to support advanced V2X applications. In Rel-17, SA2 studied and standardized Proximity based service including public safety and commercial related service. As part of Rel-17, power saving solutions (e.g., partial sensing, DRX) and inter-UE coordination had been developed in RAN1 and RAN2 to improve power consumption for battery limited terminals and reliability of sidelink transmissions.
One important 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 a 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 (5GAA) to the Rel-18 RAN Workshop, and it was listed as the second highest priority among the 8 requirement proposals by 5GAA [2], as shown in the Table 1 below.
[bookmark: _Ref111122095]Table 1: 5GAA list of proposals according to priority ranking
	No.
	5GAA features and requirements proposals
	Priority ranking

	1
	Positioning enhancements
	1

	2
	LTE/NR-V2X sidelink co-channel coexistence
	2

	3
	Sidelink carrier aggregation (CA)
	3

	4
	Enhancements to sidelink power saving
	4

	5
	Predictive QoS
	5

	6
	UE-to-UE relay
	6

	7
	NR-V2X sidelink adjacent-channel coexistence with non-3GPP technologies
	7

	8
	Enhancements for vehicular distributed antenna system (DAS) UE transmission
	8



According to the requirements from 5GAA, the motivations for co-channel coexistence mechanism include [2]:
· Dedicated V2X spectrum is scarce in some regions and LTE/NR-V2X need to co-exist even in the same channel;
· Important across all basic and advanced use cases;
· Improves overall system performance, increases deployment flexibility, enables technology migration path from IEEE technology.

In order to meet the requirements from 5GAA and realize co-channel coexistence for LTE sidelink and NR sidelink, the design principles of the co-channel coexistence mechanism between LTE sidelink and NR sidelink should be discussed first. In our point of view, the basic design principle should be ensuring backward compatible of R14/R15 LTE sidelink and R16/R17 NR sidelink. It is also important to reuse the in-device coexistence framework defined in Rel-16 as much as possible. In addition, we prefer no or limited performance degradation of LTE sidelink.
Proposal 1: Design principles of co-channel coexistence mechanism for LTE sidelink and NR sidelink should be considered as follows:
· Ensuring backward compatible of R14/R15 LTE sidelink and R16/R17 NR sidelink 
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· No or limited performance degradation of LTE sidelink
[bookmark: _Ref36559568]
Priority of SRPP and DRPS schemes
At RAN#97-e meeting, the following revised objective related to co-channel coexistence for LTE sidelink and NR sidelink in the updated WID was agreed [7].
	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



In our view, such revised objective just adds a note to mention that RAN1 continues the work on Dynamic Resource Pool Sharing (DRPS) scheme based on existing agreements and WID with high priority for Type A devices and operating combination A, so it doesn’t mean Semi-static Resource Pool Partition (SRPP) scheme do not need further discussion. In fact, considering the good progress on dynamic resource pool sharing at the previous meeting, we prefer that RAN1 should continue the work on semi-static resource pool partition at RAN1#111 and finish the design of semi-static resource pool partition.
Proposal 2: RAN1 should continue the work on semi-static resource pool partition at RAN1#111 and finish the design of semi-static resource pool partition scheme.

Types of devices
The following working assumption was achieved in RAN1#110 related to device type A [1]:
	Working assumption
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.



Device type A should be the most important target device type for co-channel coexistence between LTE SL and NR SL in Rel-18. According to the discussion in previous meetings, device type A should contain both LTE SL and NR SL modules. However, the presence of both the LTE SL and NR SL modules alone cannot exactly define the device type A. The relationship and interaction between the LTE SL and NR SL modules should also be defined. Therefore, The definition of device type A should include the capability of the LTE SL module to share the sensing and resource reservation information to the NR SL module within the device, and the capability of the NR SL module to include this sensing and resource reservation information in its resource selection procedure. Then, in addition to device type A should contain both LTE SL and NR SL modules, for device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module. 

Proposal 3: Confirm the working assumption in RAN1#110 as follows:
· Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.


The following proposal was discussed in RAN1#110 related to device type B, but failed to reach a consensus [1]:
	Proposal 1-2a (II):
· For co-channel coexistence solutions in Rel-18, RAN1 is to study device type B which contains:
· Alt 1: Only an NR SL module.
· Alt 2: a co-located LTE SL and NR SL module, but the LTE SL module does not share any LTE sensing and resource reservation information.



The motivation of introduction of device type B into co-channel coexistence investigation in Rel-18 is that device type B may potentially have lower cost and complexity compared to device type A. Regarding the definition of device type B, in our point of view, device type B can include two kinds of sub-types: device type B1 and device type B2. Both device type B1 and device type B2 are the possible device types in the real deployment.
First, device type B1 should only contain an NR SL module, this definition of device type B1 aligns with the discussion in the past RAN1 meetings. Some companies think that the absence of LTE SL module for device type B1 will lead to the device type B1 cannot receive the basic safety messages (BSM) then it cannot coordinate with LTE SL devices. However, the device type A can share the BSM to device type B1 via IUC messages. 
Second, device type B2 should contain a co-located LTE SL and NR SL module, but the LTE SL module does not share any LTE sensing and resource reservation information. In this case, the LTE SL module of device type B2 supports the Rel-16 in-device coexistence framework, but it does not support the new mechanism of sharing LTE sensing and resource reservation information to the NR SL module. With the aid of legacy LTE SL module, device type B2 can transmit/receive BSM to/from other legacy LTE UEs. 
We prefer RAN1 to study both device type B1 and device type B2 for co-channel coexistence solutions in Rel-18.
[bookmark: OLE_LINK31]Proposal 4: For co-channel coexistence solutions in Rel-18, RAN1 should study both device type B1 and device type B2 as follows:
· Device type B1 contains only an NR SL module.
· Device type B2 contains a co-located LTE SL and NR SL module, but the LTE SL module cannot share any LTE sensing and resource reservation information to NR SL module.

Combinations of operational modes

At RAN1#109-e, the following combinations of operational modes to be considered for the study of co-channel coexistence in Rel-18 were discussed:
· Combination A: Mode 2 NR SL + Mode 4 LTE SL
· Combination B: Mode 1 NR SL + Mode 4 LTE SL
· Combination C: Mode 2 NR SL + Mode 3 LTE SL

The following agreement was achieved in RAN1#109-e related to combinations of operational modes [3]:
	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).



In the above agreement, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority. We admit that the agreed Combination A is the most challenging scenario for co-channel coexistence of NR SL and LTE SL in Rel-18. However, Combination C is similar with Combination A, since both of them will focus on the enhancements of NR sidelink and LTE sidelink specification shall not be impacted, so Combination C should be considered. In addition, Combination B is also one possible deployment scenario for NR SL and LTE SL and it should also be considered. Therefore, for the study of co-channel coexistence solutions in Rel-18, the combinations of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) should be considered.
For the following FL proposal raised and discussed in RAN1#110 [4]:
	Conclusion 3-1 (I):
· For co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) can be revisited once Mode 2 NR SL with Mode 4 LTE SL (Combination A) has been specified.



Regarding the above proposal, there is still a concern as it would be better to consider the Combination B and Combination C at the earlier stage, otherwise the design agreed may be incompatible with the combinations needs to be considered at later stage.
Proposal 5: For the study of co-channel coexistence solutions in Rel-18, the combinations of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) should also be considered at the earlier stage.

Semi-static resource pool partition between LTE sidelink and NR sidelink
In this section, semi-static resource pool partition between LTE sidelink and NR sidelink is discussed, including TDM based semi-static resource pool partition and FDM based semi-static resource pool partition.

TDM based semi-static resource pool partition
The following conclusion was achieved in RAN1#110 related to TDM based semi-static resource pool partition between LTE sidelink and NR sidelink [1]:
	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.
· [bookmark: OLE_LINK28]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



The following section in TS 38.213 [5] described the operation for in-device coexistence:
	[bookmark: _Toc106629501]16.7	Operation for in-device coexistence
If a UE would transmit or receive a first channel/signal using E-UTRA radio access and a second channel/signal using NR radio access, when 
-	the first channel/signal and the second channel/signal are time-division multiplexed, and
-	the UE knows the frame indexes of the first channel/signal and the frame indexes of the second channel/signal,
the UE transmits or receives each channel/signal so that the subframe boundary of the second channel/signal is aligned with the subframe boundary of the first channel/signal where the subframe boundary alignment is achieved by UE implementation means.



According to the above conclusion achieved in RAN1#110, RAN1 had concluded 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. In addition, RAN1 noted that 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. 
Moreover, according to section 16.7 in TS 38.213 above, the UE transmits or receives each channel/signal so that the subframe boundary of the NR channel/signal is aligned with the subframe boundary of the LTE channel/signal where the subframe boundary alignment is achieved by UE implementation means. 
Therefore, it can be observed that the synchronization issue can be solved with Rel-16 in-device coexistence framework. At RAN1#110, some companies proposed that both the NR SL module and the LTE SL module should select the same synchronization source, or suggested that the NR SL module can use the LTE SL synchronization procedure and sync source [4]. We think there is no need to further study the potential enhancements for synchronization since the existing 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, and how to achieve the alignment is up to UE implementation.
As shown in section 3, we believe RAN1 should also study both device type B1 and device type B2 for co-channel coexistence solutions in Rel-18. Device type A and device type B2 can be able to achieve this synchronization based on Rel-16 in-device coexistence framework, but device type B1 cannot achieve it. The synchronization issue in Rel-18 is how to achieve the synchronization among device type A, device type B1/B2 and device type C (device type D and device type E also need to be considered). In fact, there is also synchronization issue in Rel-16/17 that how to achieve the synchronization among device type C, device type D and device type E, and we think the synchronization issue in Rel-18 is same as the synchronization issue in Rel-16/17, because device type B1 and device type D are similar in that they contain only NR SL modules, and device type A, device type B2 and device type E are similar in that they contain both LTE SL and NR SL modules. Therefore, we consider synchronization issue to be a low priority for co-channel coexistence investigations in Rel-18.

Proposal 6: There is no need to further study the potential enhancements for synchronization or consider it as low priority since the existing 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.

FDM based semi-static resource pool partition
The following feature lead proposal was discussed but failed to reach a consensus in RAN1#110 related to FDM based semi-static resource pool partition between LTE sidelink and NR sidelink [4]:
	Proposal 2-2 (II):
· For co-channel coexistence in Rel-18, RAN1 assumes that the FDM-based semi-static resource pool partitioning can be used based on Rel-16/17 specifications, and can be studied with the following constraints:
· NR SL resource pool is configured with only 15 kHz SCS.
· FFS other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools.
· Transmission/reception Configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted.
· FFS other solutions to overcome the AGC issues caused due to PSFCH being configured in NR SL resource pools.
· FFS other constraints whether a guard band is required requirement.
· Note: The LTE and NR resource pools do not overlap in frequency with each other in the FDM-based semi-static resource pool partitioning.




[bookmark: OLE_LINK2]For FDM based semi-static resource pool partition, two separate resource pools that do not overlap in frequency domain are (pre)-configured for LTE sidelink and NR sidelink if their sub-carrier spacing is same, as shown in following Figure 1. 


[bookmark: _Ref110871712]Figure 1: FDM based resource pool partition

If the sub-carrier spacing of LTE sidelink is different from that of NR sidelink, i.e. 15kHz and 30kHz, respectively, as shown in following Figure 2, the main issue of this scheme is discussed in Rel-15 shorten TTI and listed as follows：
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]There could be two different NR sidelink transmissions in the duration of a LTE sidelink reception, and the impact of IBE from the first NR sidelink transmissions on the first seven symbols of LTE sidelink reception could be different from the impact of IBE from the last NR sidelink transmissions on the last seven symbols of LTE sidelink reception, that may result in the AGC training in first symbol of LTE sidelink reception is not adaptive to the last seven symbols of LTE sidelink reception.


Figure 2: FDM based resource pool partition (sub-carrier spacing is different)

Even if the carrier spacing of LTE SL and NR SL is same, there is also AGC issue because NR sidelink supports PSFCH transmission feature which LTE sidelink does not support, as shown in following Figure 3.


[bookmark: _Ref110871758][bookmark: OLE_LINK1]Figure 3: Different frame structures for LTE sidelink and NR sidelink
[bookmark: OLE_LINK32]According to the proposal 2-2 (II) raised in RAN1#110, there is a solution that configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted. This solution implies that regardless of whether the PSFCH resource of NR SL is configured every 1, 2, or 4 slots, a large number of slots will be excluded from the LTE resource pool, which will result in undesirable spectral inefficiencies.
In the same way, a guard band will also lead to spectral inefficiencies in case of the available spectrum is already limited.
[bookmark: OLE_LINK23]In our point of view, HARQ based retransmissions cannot be supported for NR SL if we take the FDM based semi-static resource pool partition solution, so this solution is not adopted.

Proposal 7: FDM based semi-static resource pool partition solution is not adopted for co-channel coexistence mechanism between LTE sidelink and NR sidelink in Rel-18.
[bookmark: OLE_LINK3]Dynamic resource pool sharing between LTE sidelink and NR sidelink
In this section, the following issues on dynamic resource pool sharing between LTE sidelink and NR sidelink are discussed:
· Whether/how PSFCH configuration in dynamic resource pool
· Whether/how higher SCS for NR sidelink is used in dynamic resource pool
· The timeline of the information shared by LTE sidelink module
· [bookmark: OLE_LINK34]Resource selection enhancement on how NR sidelink module used the information shared by LTE sidelink module and enhancement of Inter-UE coordination(IUC)
· Resource pool partition for dynamic resource pool sharing
PSFCH configured for NR SL 
For the PSFCH configuration in the dynamic resource pool, the following FL’s latest proposal was discussed but failed to reach a consensus in RAN1#111 meeting [6]:
	Proposal 1-1(VII):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, the NR SL UE
· Always avoids transmissions on the PSFCH resources (Alt 1), or
· FFS details including whether the TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE does not transmit on the overlapping PSFCH resources.
· Does not avoid transmission on the PSFCH resources (Alt 2), or
· Conditionally avoids transmissions on a subset of the PSFCH resources.
· FFS details of conditions including 
· [bookmark: OLE_LINK50]a (pre-)configured subset,
· the consideration of the LTE RSRP and LTE and/or NR priority,
· presence of PSCCH/PSSCH transmission in the same time slot LTE subframe as PSFCH transmission with the same power by the same UE.
· FFS for the case when there is an overlapping of time and frequency resources between PSFCH and LTE SL transmission
· Introduce additional PSFCH periodicity of [5, 8 and] 10.
· Note: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration.
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]FFS: Whether to confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
· FFS details including the conditions.




[bookmark: OLE_LINK4]In the above proposal, the constraints for configuration of PSFCH in dynamic resource pool sharing are discussed, with the following six options. 
· Option 1: Always avoids transmissions on the PSFCH resources.
· FFS details including whether the TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE does not transmit on the overlapping PSFCH resources.
· Option 2: Does not avoid transmission on the PSFCH resources.
· Option 3: Conditionally avoids transmissions on a (pre-)configured subset of the PSFCH resources.
· Option 4: Conditionally avoids transmissions on a subset of the PSFCH resources with the consideration of the LTE RSRP and LTE and/or NR priority.
· Option 5: Introduce additional PSFCH periodicity of [5, 8 and] 10.
· Option 6: Confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
[bookmark: OLE_LINK37][bookmark: OLE_LINK9][bookmark: OLE_LINK49][bookmark: OLE_LINK38][bookmark: OLE_LINK39]Firstly, for Option 1, we think RX UE action is essential and TX UE action is optional. Only RX UE action can avoid the AGC issue, while TX UE action could increase spectral efficiency because it enables RX UE sends PSFCH as much as possible. But this solution means the priority of receiving LTE SL transmission is always higher than the priority of NR SL PSFCH transmission/reception and that will lead to the break-down of HARQ-based NR transmissions and NR SL performance degradation, especially for NACK only based groupcast option 1. So the TX UE and/or RX UE should consider the LTE RSRP and LTE and/or NR priority when TX UE makes a determination that whether avoids selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE makes a determination that whether drops transmission on the overlapping PSFCH resources, which is a solution that a combination of Option 1 and Option 4. . 
[bookmark: OLE_LINK20]Secondly, for Option 2, this solution that RX UE always does not avoid transmission on the PSFCH resources without proper PSFCH periodicity configuration does not solve the AGC issue. The Option 5 should be integrated with the solution in Option 2, and they are going to be updated Option 2. For the Option 2, due to the periodicity of PSFCH is in logical slots of NR SL resource pool and RSSI measurement is performed in logical subframes of LTE SL, a solution that make sure the NR SL transmissions and PSFCH feedback can be measured by LTE SL RSSI measurement should be proposed,  and this solution maybe not feasible unless configuration manner of NR SL resource pool and configuration period of PSFCH resources or the periodic characteristics of PSFCH resources are changed in Option 2 which has a significant impact on the specification. In addition, considering that PSFCH with higher SCS only occupies a small part of duration within a subframe, the LTE SL RSSI measurement may not work for the PSFCH transmission if higher SCSs are configured in the shared NR SL resource pool. There is no reason for introducing additional PSFCH periodicity; the main problem is how to achieve the alignment between PSFCH periodicity and LTE logical subframes.
Thirdly, for Option 3, the meaning of a (pre-)configured subset is not clear, if it is just a (pre-)configured subset without any detail, this option does not solve the AGC issue. The consideration of the LTE RSRP and LTE and/or NR priority in Option 4 should further combine with Option 1.
Additionally, for Option 6, confining the PSFCH transmission to the LTE guard symbol means the SCS of NR SL is limited to 60kHz, it is not a feasible method.
Observation 1：Option 1 needs further details to demonstrate it can satisfactorily achieve dynamic resource sharing for resource pools with PSFCH configured and when HARQ-ACK is enabled.
Observation 2：RX UE always does not avoid transmission on the PSFCH resources without proper PSFCH periodicity configuration or avoids transmissions on a (pre-)configured subset of the PSFCH resources does not solve the AGC issue.
Observation 3：There is no reason for introducing additional PSFCH periodicity, the main problem is how to achieve the alignment between PSFCH periodicity and LTE logical subframes. 
In this case, it is straightforward to first support dynamic resource sharing without PSFCH.
Proposal 8: For dynamic resource pool sharing, it is supported that NR PSFCH is disabled.

Configuration of higher SCS 
For the higher SCS usage in the dynamic resource pool, the following FL’s latest proposal was discussed but failed to reach a consensus in RAN1#111 meeting [6]:
	Proposal 1-5 (II):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs which is caused by NR SL PSCCH/PSSCH transmissions if higher SCSs are supported:
· Option 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz 
· FFS: Whether this takes place in all slots configured within the LTE SL resource pool or only when the NR SL transmission overlaps an LTE SL transmission based on information shared by the LTE SL module.
· Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions.
· FFS: Exclude only those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe.
· Note: This study does not imply RAN1 supporting higher SCS




In the above proposal, the constraints for the configuration of higher SCSs in shared NR SL resource pool are discussed.
[bookmark: OLE_LINK30]Firstly, it is straight forward way to restrict the SCS of NR SL to 15 kHz in dynamic resource pool sharing to avoid the AGC issue.
[bookmark: OLE_LINK58]Secondly, Option 1 seems to be a feasible method to resolve the AGC issue, but it will have impacts on the resource selection of NR SL, the constraints for the number of slots allocated for NR SL being always even numbers, and it will increase the latency for unicast or groupcast. . For Option 3, it will lead to larger resource wastage, and the available candidate resource will be greatly reduced due to excluding the slots overlapped with LTE sidelink, and then lead to higher interference between NR SL. For the FFS of Option 3, even NR UE excludes the second slot (SCS is 30kHz for NR SL), there may be another NR UE transmission in the second slot due to there is no LTE SL transmissions overlapping with the second slot when the another NR UE selects resource, and there may still be AGC issue because the TX power of two NR transmissions may be different. And if LTE UE reselects resources while NR UE remains the transmission resources, LTE UE may select the resource in the subframe overlapping with NR SL transmissions only in the second slot.  Therefore, Option 3 is not a viable solution. Based on these, we think it is pre-mature to support higher SCS in dynamic resource pool. Considering the specification effort and work load for Rel-18 SL-Evo, we prefer to restrict the SCS to 15 kHz in the shared dynamic resource pool. 

Proposal 9: It is preferred to restrict the SCS of NR SL to 15 kHz in dynamic resource pool sharing to avoid the AGC issue.

Resource selection enhancement
Timeline of information shared by the LTE SL module 
[bookmark: OLE_LINK35]For the timeline of the information shared by LTE SL module in the dynamic resource pool, the following agreement was achieved and the following latest  FL’s proposal was discussed in RAN1#111 meeting [1][6]:
	Agreement
Based on the agreement in RAN1#110bis-e, the value of Tmax = 4 ms.

Proposal 1-4 (II):
· For dynamic resource pool sharing, for details regarding the timeline on how the NR SL module uses the information shared by the LTE SL module, 
· Alt 1: The latest LTE SL subframe used to determine the information shared with the NR SL module is at most Tvalid ms prior to the time of sharing the information.
· Alt 2: Further time-related aspects are up to UE implementation.





Figure 4: Sensing window shared by LTE SL module

For Alt 1, the ending LTE SL subframe used to determine the information shared with the NR SL module should be determined and restricted to ensure the shared information is useful, for example, the ending LTE SL subframe is at most T’ ms prior to the time n, the ending LTE SL subframe and the time of sharing information are in the duration [n-T’, n-T]. The starting LTE SL subframe used to determine the information shared with the NR SL module could be confirmed by the ending LTE SL subframe and a sensing window size. For the sensing window size, it could be a (pre-)configuration value, i.e. 1000ms, or up to UE implementation. 

Proposal 10: The sensing window of LTE SL module shared information could be determined by the ending LTE SL subframe and a sensing window size. The ending LTE SL subframe used to determine the information shared with the NR SL module is at most T’ ms prior to the time n, the sensing window size could be a (pre-)configuration value or up to UE implementation.

Use of information shared by the LTE SL module 
For the use of sharing information shared by the LTE SL module in the dynamic resource pool, the following agreement was achieved and the following latest  FL’s proposal was discussed in RAN1#110bis-e meeting [1][6]:
	Proposal 1-3 (II):
· For dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE 
· SL RSSI measurement results
· It is RAN1’s understanding that the NR SL module is aware of the LTE SL resource pool configurations as per Rel-16 in-device coexistence.

Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.




[bookmark: OLE_LINK19][bookmark: OLE_LINK18]For device type A, the NR SL module can obtain some information from the LTE SL module. For candidate information shared by LTE SL module, in addition to the reserved resources information by other LTE UEs and own LTE SL module, the NR SL module is aware of the LTE SL resource pool configurations as per Rel-16 in-device coexistence which at least contains the following information:
· LTE logical subframe related information
· Sub-channel configuration of shared LTE SL resource pool (including the number of sub-channel and the number of PRB per sub-channel) 
· Available resource reservation periods in shared LTE SL resource pool 
[bookmark: OLE_LINK21]Additionally, the counter value of resource reservation of LTE SL module also need to be shared by LTE SL module to NR SL module then NR SL module can accurately avoid TX/TX collision between LTE SL module and NR SL module according to the transmission time, period and counter value of resource reservation. 
For use of information shared by LTE SL module, the NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer as follows:
· The NR SL module should exclude resources based on the time and frequency resources, and/or RSRP and priority of other LTE SL transmissions that have been indicated in the shared candidate information, for example, excluding the resources reserved by other LTE UEs when RSRP value of other LTE UEs transmissions higher than a RSRP threshold or priority of other LTE UEs transmissions is higher than a priority threshold(or the priority of NR SL module transmission).
· The NR SL module should exclude all resources in a subframe based on the time and frequency resources, period, counter value of resource reservation and/or priority of own LTE SL module transmissions.
· [bookmark: OLE_LINK51]The subframes contain half-duplex slots which are not monitored by the NR SL module and the subframes where transmissions of LTE SL module transmitted are half-duplex subframes of LTE SL module, the sensing information of other LTE SL in these subframes are absent in shared information, NR SL module should perform the skip subframe exclusion operation in these subframes according to the LTE SL resource reservation periods in shared resource pool at least when the channel busy ratio is low.

For third FFS in the above agreement, , it is needed that NR SL module should transmit the sub-channel number, resource reservation period, priority and sub-channel configuration of the shared NR SL resource pool, etc. We think it has specification impact to LTE SL, and there are other issues as follows:
· how to handle the case where it results in an insufficient set of resources
· how to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, SCSs, resource selection window size, etc
So we think the solution that NR SL module excludes resources based on LTE SL’s candidate resource set SB is not a viable method because it has obvious specification impact to LTE SL.
For device type B, we think these type B devices should be supported in TDM-based semi-static resource pool partition, not in dynamic resource pool sharing, because type B devices cannot obtain the sensing and resource reservation information of LTE SL.
Observation 4: NR SL module excludes resources based on LTE SL’s candidate resource set SB is not a viable method because it has obvious specification impact to LTE SL.
Proposal 11: In addition to the information in the agreement, the following information should be also transmitted from LTE SL module to NR SL module：
· The counter value of resource reservation of LTE SL module
Proposal 12: NR SL module should perform the following exclusion process:
· Exclude resources overlapping with reserved resources by other LTE SL UE based on the time and frequency resources of other LTE SL transmissions, and/or RSRP and priority of other LTE SL transmissions that have been indicated in the shared candidate information.
· Perform the LTE SL skip subframe exclusion operation according to LTE SL module transmissions time, resource reservation periods of LTE SL module, counter value of resource reservation that LTE SL module continuously occupies reserved resources to avoid TX/TX collision.
· Perform the LTE SL skip subframe exclusion operation in the subframes contain half-duplex slots which are not monitored by the NR SL module and the subframes where transmissions of LTE SL module transmitted according to the available resource reservation periods in the shared LTE SL resource pool when the channel busy ratio is low, or according to the resource reservation periods based on decoded LTE SL SCI when the channel busy ratio is high.

Enhancements of Inter-UE coordination (IUC) 
[bookmark: OLE_LINK46]Inter-UE coordination schemes are supported to overcome hidden node, half duplex, exposed node problems between NR SL UEs and improve reliability of NR SL transmissions in Rel-17 NR SL.  In the scenario of dynamic resource pool sharing  for co-channel coexistence between LTE SL and NR SL in Rel-18,  there are also hidden node, half duplex, exposed node problems between NR SL UE and LTE SL UE, and Inter-UE coordination schemes(both scheme 1 and scheme 2) could be enhanced to overcome these problems to increase reliability of NR SL transmissions  and LTE SL transmissions. For example, in scheme 1, a type A device which contains both LTE SL module and NR SL module can determine preferred/non-preferred resources set according to sensing information of LTE SL module and/or NR SL module itself; in scheme 2, a type A device can transmit conflict information if there is a detection of expected/potential resource conflict(s) between LTE SL and NR SL.
On the other hand, if type B device which cannot obtain LTE SL resource reservation information from itself is supported in dynamic resource pool sharing, enhanced inter-UE coordination scheme 1 is an approach that provides LTE SL resource reservation to type B device to avoid expected/potential resource conflict with other LTE SL UE. 
There are some aspects to be enhanced in inter-UE coordination schemes in Rel-18:
· For scheme 1:
· [bookmark: OLE_LINK45]If UE B receives a preferred resource set which is determined according to LTE SL module shared information and NR SL module sensing information of UE A, and there are no resources within the intersection of the received preferred resource set and , UE B selects the time and frequency resources for sidelink transmission(s) from  in Rel-17 scheme 1 and there may still be collision between LTE SL and NR SL. 
· [bookmark: OLE_LINK53]If UE B receives a non-preferred resource set which is determined according to LTE SL module shared information and NR SL module sensing information of UE A, and it is not possible to meet the requirement that the number of candidate single-slot resources remaining in the set  be at least  after excluding resource(s) overlapping with the received non-preferred resource set, it is up to UE B implementation whether or not to take into account the received non-preferred resource set to meet such requirement in Rel-17 scheme 1, and there may still be collision between LTE SL and NR SL. 
· [bookmark: OLE_LINK52][bookmark: OLE_LINK54]If UE B which is a type B device receives preferred/non-preferred resource set from UE A,  UE B should be able to identify the second UE is a type A device or type B device.
· For scheme 2:
· [bookmark: OLE_LINK47][bookmark: OLE_LINK55][bookmark: OLE_LINK48][bookmark: OLE_LINK44][bookmark: OLE_LINK41]If UE B receives the conflict information from UE A, UE B should be able to identify whether the conflict information indicates there is collision between LTE SL and NR SL or collision between NR SLs.
· [bookmark: OLE_LINK56]If UE B receives the conflict information which indicates a collision between LTE SL and NR SL, and higher SCS configuration for NR SL resource pool, the resources which should be reported to higher layers by physical layer should be determined. For example, all resources in a subframe should be reported, the subframe refers to the one contains the slot where resource conflict will occur.

Proposal 13: Both IUC scheme 1 and scheme 2 should be enhanced to support to alleviate expected/potential resource conflict(s) between LTE SL and NR SL in dynamic resource pool sharing.

Resource pool partition for dynamic resource pool sharing
There is a possible dynamic resource sharing solution for co-channel coexistence between NR SL and LTE SL. An example of the resource pool configuration for NR SL transmissions and LTE SL transmissions is shown in Figure 5. 10 slots marked in yellow in Figure 5 in every 20-slots period are in the available dedicated resource set for NR SL transmissions, and another 10 slots marked in green are in the available resource set shared by NR transmissions and LTE SL transmissions.


[bookmark: _Ref118723093][bookmark: _Ref118225012]Figure 5: resource pool configuration for dynamic resource sharing solution

The SCS limited 15kHz for NR SL transmissions in dedicated resource set for NR SL transmissions and shared resource set. PSFCH transmission is only supported in dedicated resource set for NR SL transmissions. The transmission type can only be broadcast in shared resource set, and the sub-channel size of NR SL and LTE SL should be same.
[bookmark: OLE_LINK5]The dedicated resource set is preferred for NR SL transmissions, and R18 NR sidelink UE transmits NR SL transmissions in shared resource set when dedicated resource set is congested and/or the CBR value of LTE SL in shared resource set is lower than a threshold, or R18 NR sidelink UE selects transmission resource in shared resource set at a certain probability before a NR SL transmission.
In our understanding, R14/R15 LTE sidelink UE (device type C) cannot detect the NR sidelink UE and R18 NR sidelink UE (device type A) can detect the LTE sidelink UE, which leads to potential conflict between LTE sidelink and NR sidelink. For example, if LTE sidelink UE selects transmission resources between the time of initial transmission and retransmission of NR sidelink UE, LTE sidelink UE may select the retransmission resource of NR sidelink due to the fact that it cannot detect the initial transmission of NR sidelink UE, as shown in following Figure 6.


[bookmark: _Ref118225063]Figure 6: potential conflict in dynamic resource pool sharing

[bookmark: OLE_LINK36][bookmark: OLE_LINK12][bookmark: OLE_LINK11]When both NR SL transmission and LTE SL transmission happen in shared resource set, for type A device, the NR SL module can use the sensing and resource reservation information shared by the LTE SL module. In order to reduce potential resource collisions caused by LTE sidelink UE not detecting the NR sidelink, the resource reservation period in logic slot of NR SL transmission had better match RSSI measurement period of LTE SL, so that the resources occupied by NR SL have a high RSSI when sensed by the LTE SL and will be assigned a lower rank by the LTE SL, otherwise, the performance of LTE SL transmission will degrade a lot if the resource reservation period of NR SL transmission don’t match  RSSI measurement period of LTE SL.
Observation 5: The performance of LTE SL transmission will degrade a lot if the resource reservation period of NR SL transmission don’t match RSSI measurement period of LTE SL.
System level performance evaluation
[bookmark: OLE_LINK17][bookmark: OLE_LINK16][bookmark: OLE_LINK13]In this section, we provide system level performance evaluation results for TDM-based semi-static resource pool partition solution and dynamic resource pool sharing solution. The highway scenario is considered in the simulation. In this simulation setup, the ratios of type A and type C devices respectively are 70% and 30% and the detailed simulation assumptions are provided in the Appendix Table 2. The resource pool configuration for NR SL transmissions and LTE SL transmissions is like shown in Figure 7. In TDM-based semi-static resource pool partition solution, the dedicated resource set is only used for NR SL transmissions and the shared resource set is only used for LTE SL transmissions. In dynamic resource pool sharing solution, the dedicated resource set is only used for NR SL transmissions, but the shared resource set is shared by NR SL transmissions and LTE SL transmissions, all type A devices can select resources in the shared resource set at 50% probability for NR SL transmissions. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK14]The system level performance comparison between TDM-based semi-static resource pool partition solution and dynamic resource pool sharing solution are shown in Figure 7. It can be observed that, the PRR of dynamic resource pool sharing solution has almost no performance degradation for LTE sidelink system compared with TDM-based semi-static resource pool partition solution, and the PRR of dynamic resource pool sharing solution has about 8% performance gain at 300m range for NR sidelink system compared with TDM-based semi-static resource pool partition solution. 

	[image: ]
(a) Comparison of Average PRR of LTE SL System
	[image: ]
(b) Comparison of Average PRR of NR SL System


[bookmark: _Ref110871858]Figure 7: system level performance evaluation results

For LTE SL, in the case of the resource reservation period of NR SL transmission and RSSI measurement period of LTE SL is matching, the resources occupied by NR SL will have a high RSSI and will be assigned a lower rank by the LTE SL if the UE which transmits NR SL transmission is close to the resource selection UE which transmits LTE SL transmission, so there is almost no performance degradation in LTE SL.
[bookmark: OLE_LINK25]However, for NR SL, the reason for the performance degradation is that the resources in dedicated resource set are not enough for NR SL system in TDM-based semi-static resource pool partition solution. Compared with the TDM-based semi-static resource pool partition solution, some device type A UEs can transmit NR SL transmissions in shared resource set and detect the LTE sidelink to exclude resources occupied by LTE SL to reduce interference from LTE SL, which means there is more resource for NR SL in dynamic resource pool sharing solution, so the performance of NR sidelink will improve. 

Observation 6: There is almost no performance degradation of LTE SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Observation 7: There is notable performance improvement of NR SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Proposal 14: Dynamic resource sharing solution for co-channel coexistence for LTE sidelink and NR sidelink should be further studied in Rel-18 due to the notable performance improvement of NR SL and almost no performance degradation of LTE SL.
[bookmark: _Ref36559580]Conclusion
In this contribution, issues and enhancements of co-channel coexistence for LTE sidelink and NR sidelink are discussed. Our observations and proposals are given as follows:
Observation 1：Alt 1 needs further details to demonstrate it can satisfactorily achieve dynamic resource sharing for resource pools with PSFCH configured and when HARQ-ACK is enabled.
Observation 2：RX UE always does not avoid transmission on the PSFCH resources without proper PSFCH periodicity configuration or avoids transmissions on a (pre-)configured subset of the PSFCH resources does not solve the AGC issue.
Observation 3：There is no reason for introducing additional PSFCH periodicity, the main problem is how to achieve the alignment between PSFCH periodicity and LTE logical subframes. 
Observation 4:NR SL module excludes resources based on LTE SL’s candidate resource set SB is not a viable method because it has obvious specification impact to LTE SL.
Observation 5: The performance of LTE SL transmission will degrade a lot if the resource reservation period of NR SL transmission don’t match RSSI measurement period of LTE SL.
Observation 6: There is almost no performance degradation of LTE SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Observation 7: There is notable performance improvement of NR SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Proposal 1: Design principles of co-channel coexistence mechanism for LTE sidelink and NR sidelink should be considered as follows:
· Ensuring backward compatible of R14/R15 LTE sidelink and R16/R17 NR sidelink 
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· No or limited performance degradation of LTE sidelink
Proposal 2: RAN1 should continue the work on semi-static resource pool partition at RAN1#111 and finish the design of semi-static resource pool partition scheme.
Proposal 3: Confirm the working assumption in RAN1#110 as follows:
· Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.
Proposal 4: For co-channel coexistence solutions in Rel-18, RAN1 should study both device type B1 and device type B2 as follows:
· Device type B1 contains only an NR SL module.
· Device type B2 contains a co-located LTE SL and NR SL module, but the LTE SL module cannot share any LTE sensing and resource reservation information to NR SL module.
Proposal 5: For the study of co-channel coexistence solutions in Rel-18, the combinations of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) should also be considered at the earlier stage.
Proposal 6: There is no need to further study the potential enhancements for synchronization or consider it as low priority since the existing 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.
Proposal 7: FDM based semi-static resource pool partition solution is not adopted for co-channel coexistence mechanism between LTE sidelink and NR sidelink in Rel-18.
Proposal 8: For dynamic resource pool sharing, it is supported that NR PSFCH is disabled.
Proposal 9: It is preferred to restrict the SCS of NR SL to 15 kHz in dynamic resource pool sharing to avoid the AGC issue.
Proposal 10: The sensing window of LTE SL module shared information could be determined by the ending LTE SL subframe and a sensing window size. The ending LTE SL subframe used to determine the information shared with the NR SL module is at most T’ ms prior to the time n, the sensing window size could be a (pre-)configuration value or up to UE implementation.
Proposal 11: In addition to the information in the agreement, the following information should be also transmitted from LTE SL module to NR SL module：
· The counter value of resource reservation of LTE SL module
Proposal 12: NR SL module should perform the following exclusion process:
· Exclude resources overlapping with reserved resources by other LTE SL UE based on the time and frequency locations of other LTE SL transmissions, and/or RSRP and priority of other LTE SL transmissions that have been indicated in the shared candidate information.
· Perform the LTE SL skip subframe exclusion operation according to LTE SL module transmissions time, resource reservation periods of LTE SL module，counter value of resource reservation that LTE SL module continuously occupies reserved resources to avoid TX/TX collision.
· Perform the LTE SL skip subframe exclusion operation in the subframes contain half-duplex slots which are not monitored by the NR SL module and the subframes where transmissions of LTE SL module transmitted according to the available resource reservation periods in the shared LTE SL resource pool when the channel busy ratio is low, or according to the resource reservation periods based on decoded LTE SL SCI when the channel busy ratio is high.
Proposal 13: Both IUC scheme 1 and scheme 2 should be enhanced to support to alleviate expected/potential resource conflict(s) between LTE SL and NR SL in dynamic resource pool sharing.
Proposal 14: Dynamic resource sharing solution for co-channel coexistence for LTE sidelink and NR sidelink should be further studied in Rel-18 due to the notable performance improvement of NR SL and almost no performance degradation of LTE SL.
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Appendix
[bookmark: _Ref115338311]Table 2: Simulation assumption
	
	NR SL
	LTE SL

	Layout and UE dropping
	· Highway
· TTC (Time To Collision) = 4s
· [bookmark: OLE_LINK10]type C devices (only LTE SL modules)：30%
· type A devices (both LTE SL and NR SL modules)：70%

	Solution for Inter-RAT interference
	· Case A: TDM based semi-static resource pool partition (slots for NR: slots for LTE = 1:1).
· Case B: Dynamic resource pool sharing (slots for only NR : slots shared by LTE and NR = 1:1)

	Traffic model 
	Periodic traffic
· Inter-packet arrival time: 100 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 100 ms

	Periodic traffic
· 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

	Retransmission
	3
	1

	Cast type
	Broadcast (to type A devices)
	Broadcast (to type A devices and type C devices)

	Resource selection
	· R16 mode 2 full sensing 
· re-evaluation: disable
	· R14 mode 4 full sensing 
· includes backward indication and RSSI ranking

	Sub-channel size
	10 PRB
	10 PRB

	SCS
	15kHz in dedicated resource set
[bookmark: OLE_LINK8]15kHz in shared resource set
	15kHz in shared resource set

	Bandwidth
	20 MHz

	Carrier frequency
	6 GHz

	Channel Model
	TR 37.885 V2V Channel Model 
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