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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
The objective for co-channel coexistence for LTE sidelink and NR sidelink has been updated in RAN#97-e [1] as below:
	4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· 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.


For co-channel coexistence, Type A devices are considered with high priority for dynamic resource pool sharing due to its characteristics that include both LTE sidelink and NR sidelink module. It was also agreed that operating combination A (i.e. LTE SL mode 4 + NR SL mode 2) is treated with high priority, and considering other combinations may be not typical deployment scenarios for co-channel co-existence. 
Band 47 for LTE sidelink and band n47 for NR sidelink 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. RAN1 has concluded that the TDM-based semi-static resource pool partitioning is a solution to ensure co-channel coexistence between LTE SL UEs and NR SL UEs [2].
In this contribution, issues about how to support the co-channel coexistence by dynamic resource pool sharing are discussed, including the solutions for resource allocation procedures, supporting higher SCS and PSFCH. Simulation results are provided in the corresponding sections.
2 Dynamic Resource Pool Sharing for Co-channel Coexistence
As per the guidance from the updated WID and agreements from the previous meetings, issues about dynamic resource pool sharing in section 2.2~2.4 regarding the use of shared sensing information from the LTE SL module, support for higher SCSs and the PSFCH overlapping issue is discussed and clarified. More importantly, a general principle described in section 2.1 should be obeyed when studying the solutions of dynamic resource pool sharing. 
2.1 [bookmark: _Ref117710472]Overall Design Principle
For dynamic resource pool sharing, some resources that are configured for LTE SL are dynamically used by NR SL on the co-existence band (i.e. ITS band), where LTE SL devices are already commercially deployed in some countries/regions. Dynamic sharing with NR SL should not impact the LTE SL performance, primarily because one of the main sources of data traffic in LTE SL is safety-related information. If these resources, carrying safety related messages, are interfered by NR SL devices, traffic accidents may happen and endanger human life.
Proposal 1: RAN1 specifies dynamic resource pool sharing subject to the principle that LTE SL’s performance is not impacted by NR SL.
2.2 Resource Exclusion Using Shared LTE Information
[bookmark: _Ref117710698]Sharing the LTE SL module’s sensing results with the NR SL module within a type A device for NR SL resource allocation is a reasonable and simple way to realize dynamic resource pool sharing between them. In the RAN1#111 meeting [3], RAN1 had made an agreement where resources that are indicated as being used by LTE SL transmissions by the LTE SL module’s shared information are excluded in the NR SL module’s physical layer, with several details left for further study. In this section, the exclusion details are discussed along with simulation results.
	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.


2.2.1 [bookmark: _Ref117884490][bookmark: _Ref126316957]Details on Resource Allocation
For type A NR SL devices, there is an internal interface between the LTE SL and NR SL modules, using which candidate sensing information is shared from the LTE SL module to the NR SL module, the interface being similar to that in the Rel-16 in-device coexistence framework. The NR SL physical layer is expected to perform resource exclusion based on decoded NR SCIs and RSRP measured at the NR SL module as well as LTE SCIs and RSRP information shared by the LTE SL module. While a list of potential sensing information parameters was discussed in the previous meeting, the exact parameters, as well as how and when the information is shared from one module to another can be up to UE implementation subject to the processing timeline defined in specification. 
Proposal 2: The specific information shared from the LTE SL module to the NR SL module within a device is up to UE implementation.
As for the exclusion details, the key issue is how to identify and exclude resources being used by LTE SL’s transmission. As analyzed in section 2.1, it is imperative that NR SL transmissions shall not impact LTE SL’s performance since LTE SL cannot decode any resource reserved by NR SL. In order to achieve this, the co-located LTE SL module has to share sensing information, based on received LTE SCIs and LTE’s unmonitored subframes, and the NR SL module has to determine the time and frequency locations where the LTE SL transmissions occur. 
On receiving the shared information from the LTE SL module, the NR SL module generates a candidate resource set based on the shared information from the LTE SL module and its own sensing result. Firstly, NR SL performs legacy resource allocation step 1 to step 3 according to clause 8.1.4 in TS 38.214. For step 4 to 7, besides legacy NR SL specifications, the following steps are additionally performed. 
· Step 4: Additional resource sets and  are initialized for excluding resources reserved by LTE SL UE, where   consists of all the candidate single-slot resources in NR SL’s resource selection window, and  is an empty set.
· Step 5: The exclusion of resources based on unmonitored slots further considers the LTE SL periodicity values, if the periodicities that are (pre-)configured for NR SL and LTE SL are different.
· Step 6: The UE excludes any candidate single-slot resources from the set  based on the shared information from the co-located LTE SL module, which is in turn based on decoded LTE SCI format 1. The value of Q is updated to match the length of the selection window. Exclusion is performed according to how the NR SL module excludes NR SL resources based on received NR SL SCIs. 
· Step 7: 20% of resources with low RSSI measurement results in  are moved to , similar to the legacy LTE procedure. The resource set  now contains resources excluding LTE SL’s unmonitored slots and reserved resources. Using the generated , a final candidate resource set is generated by excluding single-slot resources not belonging to  from the resource set , as depicted in Figure 1. 
· The final candidate resource set is then reported to the MAC layer, according to the existing NR SL procedure.
[bookmark: _GoBack][image: ]
[bookmark: _Ref126315690]Figure 1:  Excluding resources not belonging to  from the resource set 
Another aspect that has to be explored is the value of Q in Step 5 and 6 above, because it is determined differently in LTE SL and NR SL. NR SL excludes resources which are overlapped with the first Q periodical reservations indicated by LTE SL’s SCI.  In LTE SL, value of Q is  when the period  indicated by the SCI is smaller than 100 ms.  The value of NR SL’s Q is  when the period  is smaller than .  In several cases, the Q value of LTE SL is smaller than that of NR SL, e.g. Q of LTE SL and NR SL is 2 and 3 in Figure 2, then periodic reservations with q=1 and q=2 are excluded by the legacy LTE SL exclusion procedure. However, periodic reservations with q=3 still remains in the candidate resource set . LTE SL’s third periodical reservation will have a resource conflict with NR SL if the NR SL UE transmits on this resource. In other cases, LTE SL’s Q is larger when the period in detected SCI is changed. Thus, RAN 1 need to address the case when the Q value of LTE SL and NR SL is different.
[image: ]
[bookmark: _Ref127283071]Figure 2: Value of Q in LTE SL and NR SL is different 

2.2.2 Simulation Results 
Based on the solution described above, this section discusses the results of the simulation results. These results compare the performance of LTE SL when there are no NR SL UEs in the resource pool with the LTE SL performance when sharing the pool with NR SL UEs that perform the exclusion of resources not belonging to . A similar comparison is made for NR SL’s performance when operating on its own in a pool against when it shares the pool with LTE SL UEs. These are depicted in Figure 3a) and Figure 3b) respectively.
Based on the simulation results, it can be found that the deployed LTE SL performance is not degraded with minimal NR SL performance impact. Hence, the exclusion of resources not belonging to LTE SL’s candidate resources set from the NR SL candidate resource set  is simple and feasible. Considering the heavy scope in Rel-18 WI, it will reduce unnecessary specification workload in RAN1.
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(a)
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(b)
[bookmark: _Ref117884651]Figure 3: LTE SL’s and NR SL’s PRR performance with periodic traffic in resource allocation: (a) LTE SL’s PRR performance; (b) NR SL’s PRR performance 
Proposal 3: For co-channel co-existence by dynamic resource sharing, the NR physical layer excludes candidate resources from set  that do not belong to set . 
· The set  is generated based on the legacy NR resource exclusion procedure specified in Section 8.1.4 of TS38.214.
· The set  is determined by the NR SL module based on the information shared from the LTE SL module and its own transmission parameters in Steps 4 to 6. 
· The set  contains a set of candidate resources with the lowest RSSI measurement results.
· FFS how to address the case when the value of Q of LTE SL and NR SL is different.

2.3 Support for 30 kHz and Higher SCS 
2.3.1 Necessity to Support 30 kHz and Higher SCS 
In Rel-16/17, NR SL supports numerologies with multiple subcarrier spacing including 15 kHz, 30 kHz, and other higher SCS. To consider dynamic resource pool sharing for co-channel coexistence, which SCS is supported by NR SL for coexistence should be further investigated. According to the agreement reached in RAN1#110, dynamic resource pool sharing is studied with the constraint that NR SL resource pool is configured with at least 15 kHz SCS [2]. However, whether and how to support higher SCS should be further studied.
	Agreement
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
…


In order to justify the support of higher SCSs for the dynamically shared resource pool, consider a system as depicted in Figure 4, where an LTE SL carrier with a bandwidth of 20 MHz overlaps with the NR SL carrier with a bandwidth of 40 MHz, configured with a SL BWP with SCS 30 kHz. This is from the understanding that the LTE SL carrier has already been deployed in certain regions and that the NR SL carrier overlaps in frequency with the already-existing LTE SL carrier in order to support co-channel coexistence. Within NR SL’s carrier, separate resource pools are (pre-)configured for co-existing with LTE SL and communicating with Rel-16 NR SL. The resource pool configurations can be seen in the figure, and are described as follows:
· 1st resource pool: Rel-18 NR SL UEs communicate with each other and coexist with LTE SL UEs within LTE SL’s carrier.
· 2nd resource pool: Rel-18 NR SL UEs communicate with legacy Rel-16/17 NR SL UEs.
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[bookmark: _Ref127475441]Figure 4: Rel-18 NR SL coexists with LTE SL in 1st resource pool, and communicate with Rel-16/17 NR SL in 2nd resource pool

In NR sidelink, only a single active BWP is supported and only one SCS is (pre-)configured on the SL BWP. It is theoretically possible to configure a separate BWP with 15 kHz SCS for the coexistence with LTE SL UEs, and a separate BWP with 30 kHz SCS for operations with Rel-16/17 NR SL UEs. However, this would require the Rel-18 UE to frequently switch between BWPs, resulting in BWP switching latency since only 1 active BWP is possible in NR.
Considering 30 kHz SCS is mandatory for Rel-16/17 UEs and legacy NR UEs may support only this SCS, and taking into account the alternate option of configuring separate BWPs, at least 30 kHz SCS has to be supported in Rel-18 coexistence because of following reasons:
· Firstly, SCS is (pre-)configured within NR SL’s BWP and not per resource pool. This essentially means that the SL BWP cannot have a separate resource pool with an SCS of 15 kHz for the dynamically shared pool and a different resource pool with an SCS of 30 kHz to cater to the legacy NR SL UEs. Since Rel-18 UEs needs to communicate with legacy Rel-16/17 UEs in a resource pool where the SCS is mandatorily configured to 30 kHz, the shared resource pool also needs to maintain the same SCS since both resource pools are configured within the same SL BWP. Hence at least 30 kHz has to be supported for Rel-18 coexistence. Otherwise, the UE that supports the co-existence feature cannot communicate with legacy Rel-16 UE in the same BWP, and vice versa.
· Secondly, only a single BWP shall be (pre-)configured for sidelink transmissions in the ITS band [5]. This effectively rules out the possibility of configuring separate BWPs, where one BWP is used by Rel-18 UEs to communicate with legacy NR SL UEs and another BWP for coexistence with LTE SL UEs. If 15 kHz SCS is (pre-)configured in the NR SL BWP, Rel-16 NR SL UEs that only support 30 kHz cannot operate on the ITS band. Especially for vehicles equipped with Rel-16 NR SL that are already running on the road, it will cause unpredictable commercial losses if these vehicles cannot access the ITS band.
· Thirdly, it’s not feasible to (pre-)configure separate carriers with different SCS within the ITS band, considering only one carrier is supported by current NR SL specifications. Even if carrier aggregation is supported, the configurability of separate carriers should be discussed in a separate objective, but is currently out of the scope of discussion in this objective.
It has to be noted that the concept of BWP is specified in NR SL and not in LTE SL. Even if the SCSs supported by LTE SL and NR SL are different, it does not mean that two SCSs are configured in one BWP.
Observation 1: 30 kHz SCS is necessary for co-channel co-existence in Rel-18 because of the following reasons:
· Legacy Rel-16 NR SL UEs that support only 30 kHz cannot operate on the ITS band if 15 kHz SCS is (pre-)configured for NR SL BWP.
· Since only a single SL BWP can be (pre-)configured in the ITS band, it is not possible to configure separate BWPs for Rel-18 UEs to coexist with legacy NR SL UEs and with LTE SL UEs. 
· It’s not feasible to (pre-)configure separate NR SL BWPs of differing SCSs in separate carriers within the ITS band.
Proposal 4: For NR SL and LTE SL co-channel co-existence via dynamic resource sharing, support 30 kHz and higher SCSs in addition to 15 kHz SCS for NR SL.

2.3.2 Solution to Support 30 kHz and Higher SCS for NR SL BWP
In co-channel co-existence, if the two RATs use frequency-overlapped resource pools having different numerologies, e.g. 15 kHz SCS for LTE SL and 30 kHz SCS of NR SL, AGC issue is caused by misaligned frame boundaries between LTE SL and NR SL. This would result in LTE SL’s performance being impacted by NR SL transmissions in the same subframe. As shown in Figure 5, if NR SL transmissions occur on the second half of an LTE SL subframe, the received power may exceed the maximum power threshold if the AGC result corresponding to the 1st LTE SL symbol is still applied to the reception in the second half subframe. As a result, the LTE SL data in the second half of the subframe cannot be decoded correctly. 
[image: ]
[bookmark: _Ref117884987]Figure 5: NR SL transmits at second slot within LTE SL’s subframe, when NR SL’s SCS is 30 kHz
To overcome the AGC issue by using resource allocation techniques at the NR SL side, RAN1 discussed several candidate solutions to resolve this [4].
	Proposal 1-5 (II) (copied from FLS R1-2212540):
· 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


For option 1 (multi-slot transmissions), NR SL UEs transmit on all slots within an LTE SL subframe. However, it will cause a significant impact on current specification. This option would require RAN1 to discuss and specify procedures to deal with multi-consecutive slots resource selection, and handle the transmission of SL HARQ for the first time slot within the multi-consecutive slots. Given the current time constraints, option 1 is not preferable to be specified. 
Observation 2: Option 1 (multi-slot transmissions) for resource allocation will cause a significant impact on current specifications and is not feasible to specify.
Option 3 (exclude slots causing AGC issue) was also discussed, and it is a simple direction to resolve the AGC issue due to different SCSs. As shown in Figure 6, for a 30 kHz SCS NR SL transmission, slot #0 and slot #1 are overlapped with subframe #0, where an LTE SL reservation is detected. Then, the NR SL module excludes all the resources which cause AGC issue to LTE SL within subframe #0. 
[image: ]   
[bookmark: _Ref118471318]Figure 6: Exclude all the resources overlapping with LTE SL’s reservation in time
In order to optimize the resource efficiency, it is possible that the NR SL UE transmits only in the first overlapping time slot, and avoid transmissions in the subsequent time slots. However, there were concerns raised by companies on how the LTE SL UE would carry out AGC if NR SL transmissions take place only in the first slot overlapping the LTE NR subframe. For example, in Figure 6, if the NR SL UE excludes resources in R6 and transmits PSCCH/PSSCH in R5, the received power at the LTE SL side is decreased in the second half subframe. However, in the sub-channel where LTE SL is transmitted, the received power and AGC factor remain unchanged within the subframe. Thus, the LTE SL module is still able to decode the data in both first and second half of the subframe. Therefore, the first slot within the overlapping transmission should not be excluded. This would essentially mean that any other time slot(s) overlapping with the LTE SL transmission can be excluded, thereby reducing the number of excluded time slots and resources for the NR SL UEs and reducing the negative impact on NR SL performance. 
When comparing the two options, option 1 forces the NR SL UE to select continuous resources for transmissions on slots that overlap the LTE SL subframe. In the case where the UE does not have data to transmit over consecutive slots, it would have to exclude this overlapping time slot. Additionally, option 3 does not have specification impacts caused by continuous resource selection and HARQ for the first transmission in option 1. Thus, option 3 is a simple and feasible direction for higher SCS resource selection.
Observation 3: For supporting 30 kHz SCS using Option 3, more resources can be available for selection by the NR SL UE without impacting LTE SL’s performance when the first slot that overlaps with LTE transmissions is not excluded.
Proposal 5: For dynamic resource pool sharing, NR SL time slots that overlap with LTE SL subframes and cause AGC issue in LTE SL UEs are excluded by Option 3 (exclude slots causing AGC issue). 
· In Option 3, only slot(s) other than the first slot overlapping in time with LTE SL’s reservation are excluded.

2.4 NR SL PSFCH Overlapping with LTE SL 
The configuration of PSFCH on the shared resource pool would lead to negative impact on the LTE SL transmissions. Following the Rel-16 procedure, the PSFCH resource is configured semi-statically in a resource pool and not overlapped with any resources for NR SL PSCCH/PSSCH transmission. However, in the resource pool shared with LTE SL, the PSFCH resource may be overlapped with a resource carrying LTE SL PSCCH/PSSCH, as shown in Figure 7. Thus, decoding reliability at both LTE SL and NR SL sides will be affected. 
[image: ]
[bookmark: _Ref127475460]Figure 7: PSFCH from NR SL is not allowed in any shared resource reserved by LTE SL
In additional to resource conflicts, AGC issues on LTE SL also occurs when the PSFCH is FDMed with LTE SL PSCCH/PSSCH. Too many PSFCH transmissions in the last three symbols of a subframe may invalidate the AGC of LTE SL adjusted on the first symbol of the subframe.
Observation 4: For dynamic resource sharing, resource collision issue and AGC issue may occur when LTE SL PSCCH/PSSCH and NR SL PSFCH are transmitted in the shared resource.
To resolve the above issues and allow PSFCH transmissions in shared resources, two alternatives are listed for studying in RAN1#110 [2] - Alt 1 avoids PSFCH transmissions and Alt 2 uses a periodically repeating PSFCH set. In RAN1#111 [3], RAN1 also discussed to (pre-)configure these two alternatives per resource pool. 
	Agreement
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
…
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· [bookmark: _Hlk127302023]Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.
…

	Proposal 1-1 (VI) (copied from FLS R1-2212540):
· 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 
· 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.
· 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.



2.4.1 Alt 1: Avoid PSFCH Transmissions in Slots Overlapping with LTE SL Transmissions
For avoiding PSFCH transmissions on time slots that overlap with LTE SL transmissions, it can be performed by the PSSCH TX UE as well as by the RX UE. Considering that the location and channel status of PSSCH TX UE and RX UE may be different, both sides can be used to avoid resource collision with LTE SL.
For the NR SL UE transmitting PSSCH, a possible way is to avoid selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain. However, it is possible that the PSSCH TX UE may not be able to detect some LTE SL reservations that take place in the future. As shown in Figure 8, the LTE SL SCI between the NR SL UE’s PSSCH and PSFCH cannot be detected by the PSSCH Tx UE. To address this, a straightforward way is that the RX UE does not transmit HARQ feedback when the PSFCH overlaps with any subframes of LTE SL’s reservations. 
[image: ] 
[bookmark: _Ref115269953]Figure 8: UE transmitting PSFCH can determine the collision more accurately

2.4.2 Alt 2: NR SL UEs use Periodically Repeating Set of PSFCH Slots
For Alt 2, one company proposed that the collision of LTE SL and NR SL PSFCH transmissions can be avoided based on introducing a new set of PSFCH periodicities. From our understanding, the following two main steps are performed for NR SL UEs to use a periodically repeating set of PSFCH slots.  
· Step 1: (Pre-)configure a basic NR SL TX resource set for NR SL transmissions, consisting of a periodically repeating set of slots where one or more slots within this periodically repeating set is a PSFCH slot. 
· Step 2: LTE SL excludes NR SL UE’s resources by the RSSI ranking procedure in Rel-14.
Based on an analysis of Alt 2, we still have concerns on its feasibility for predominantly two reasons. 
· Firstly, resources with NR SL transmissions cannot always be found based on the RSSI ranking. It will reduce the reliability of LTE SL and adversely affect the NR SL performance if LTE SL transmits on conflicting resources with PSFCH transmissions.
· The RSSI ranking procedure specified in Rel-14 is the linear average RSSI result of the previous subframes. As shown in Figure 9, R0 is a resource within LTE SL’s candidate resource set . RSSI of R0 is calculated by the linear average RSSI result in subframes {m-Pstep, m-2*Pstep, m-3*Pstep, …, m-9*Pstep}. However, the data and feedback transmission period of NR SL does not match the period of determining the linear RSSI result of LTE SL, resulting in NR SL transmissions after slot m-Pstep not being used to calculate the linear average RSSI result at slot m. 
· Taking NR SL’s data transmission as an example in Figure 9, considering that NR SL supports periodicities smaller than 100 ms, R0 can be reserved by NR SL SCI in R1. However, the RSSI result after subframe m-Pstep are not used to calculate the linear average RSSI result at R0. 
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[bookmark: _Ref127199940]Figure 9: NR SL reserves a resource in slot m after slot m-Pstep, the reserved resource may have low linear average RSSI result.
· Hence, the average RSSI result measured by LTE SL is not equal to the actual signal power of NR SL’s transmission at slot m, and is lower than the actual signal power. If the linear RSSI result is low, LTE SL will not exclude resources with NR SL’s PSCCH/PSSCH nor resources with PSFCH based on RSSI ranking. Thus, as can be seen in Figure 10, LTE SL will not exclude R0 by RSSI ranking. In a heavily loaded system, the LTE SL UE could still include subframes with only PSFCH transmissions (e.g. R0 in Figure 10) within its candidate resource set  due to lack of resources.
· RSSI measurement results of NR SL PSCCH/PSSCH’s reservation might also not be high. As shown in Figure 10, R0 is reserved by an NR SL SCI in R2. For the case that only the RSSI result in subframe m-2*Pstep is high, but the RSSI of other subframes are very low, it will reduce the average RSSI of R0. 
[image: ]
[bookmark: _Ref126260441]Figure 10: Resources reserved by NR SL may has low linear average RSSI result
· Secondly, NR SL’s latency performance cannot be ensured because of the large interval between resources can be used for NR SL transmission.
· NR SL’s latency performance cannot be ensured since insufficient PSFCH resources with large periodicities are (pre-)configured in the basic NR SL Tx resource set. As shown in Figure 11, only 2 out of 20 slots can be used by NR SL for HARQ feedback transmissions. It will be hard to support NR SL’s traffic with PDB requirements being less than 20ms. Besides, the HARQ-based retransmissions will additionally increase the latency and will lead to a negative impact on NR SL’s performance. 
[image: ]   
[bookmark: _Ref118388842]Figure 11: Example of a basic NR SL Tx set (with PSFCH marked as yellow) for NR SL transmission. 
· Additionally, it is hard to identify the minimum number of PSFCH transmissions that are required for the LTE SL UE to exclude the resource based on its RSSI ranking. It is difficult for PSFCH transmissions alone to represent the total energy of the subframe in which the PSFCH is located. A significant number of feedback messages would be required for the LTE SL UE to measure a high enough RSSI value such that the subframe is excluded in the LTE SL resource selection procedure. To achieve this, the PSFCH occasions should be even further spread apart so that more PSFCH transmissions are aggregated into the same PSFCH occasion. This further aggravates resource insufficient and latency issues.
Observation 5: For Alt 2 (periodically repeating PSFCH set), both NR SL and LTE SL’s performance cannot be ensured because of following reasons.
· For LTE SL, LTE SL UEs cannot exclude NR SL’s data nor feedback transmissions based on the RSSI ranking procedure in Rel-14. It will impact the reliability of LTE SL when conflicting with NR SL.
· For NR SL, PSFCH resources in the (pre-)configured NR SL TX resource set are insufficient for resource allocation. The lack of frequent PSFCH occasions within the NR SL TX resource set increases latency, compounded further by HARQ retransmissions.  
Proposal 6:  Support Alt 1 (avoid PSFCH transmissions) for NR SL and LTE SL co-channel co-existence via dynamic resource sharing. 
· PSFCH occasions are (pre-)configured in the shared resource pool as in Rel-16 NR SL.
· When HARQ-ACK is enabled, the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.

3 Conclusions 
In this contribution, we discuss the co-channel coexistence issues between LTE sidelink and NR sidelink in Rel-18 sidelink evolution. For dynamic resource pool sharing, behavior and performance of LTE SL should not be impacted. We discussed the solutions for resource allocation, higher SCS, and PSFCH. Observations and proposals are shown as following: 
Observation 1: 30 kHz SCS is necessary for co-channel co-existence in Rel-18 because of the following reasons:
· Legacy Rel-16 NR SL UEs that support only 30 kHz cannot operate on the ITS band if 15 kHz SCS is (pre-)configured for NR SL BWP.
· Since only a single SL BWP can be (pre-)configured in the ITS band, it is not possible to configure separate BWPs for Rel-18 UEs to coexist with legacy NR SL UEs and with LTE SL UEs. 
· It’s not feasible to (pre-)configure separate NR SL BWPs of differing SCSs in separate carriers within the ITS band.
Observation 2: Option 1 (multi-slot transmissions) for resource allocation will cause a significant impact on current specifications and is not feasible to specify.
Observation 3: For supporting 30 kHz SCS using Option 3, more resources can be available for selection by the NR SL UE without impacting LTE SL’s performance when the first slot that overlaps with LTE transmissions is not excluded.
Observation 4: For dynamic resource sharing, resource collision issue and AGC issue may occur when LTE SL PSCCH/PSSCH and NR SL PSFCH are transmitted in the shared resource.
Observation 5: For Alt 2 (periodically repeating PSFCH set), both NR SL and LTE SL’s performance cannot be ensured because of following reasons.
· For LTE SL, LTE SL UEs cannot exclude NR SL’s data nor feedback transmissions based on the RSSI ranking procedure in Rel-14. It will impact the reliability of LTE SL when conflicting with NR SL.
· For NR SL, PSFCH resources in the (pre-)configured NR SL TX resource set are insufficient for resource allocation. The lack of frequent PSFCH occasions within the NR SL TX resource set increases latency, compounded further by HARQ retransmissions.  

Proposal 1: RAN1 specifies dynamic resource pool sharing subject to the principle that LTE SL’s performance is not impacted by NR SL.
Proposal 2: The specific information shared from the LTE SL module to the NR SL module within a device is up to UE implementation.
Proposal 3: For co-channel co-existence by dynamic resource sharing, the NR physical layer excludes candidate resources from set  that do not belong to set . 
· The set  is generated based on the legacy NR resource exclusion procedure specified in Section 8.1.4 of TS38.214.
· The set  is determined by the NR SL module based on the information shared from the LTE SL module and its own transmission parameters in Steps 4 to 6. 
· The set  contains a set of candidate resources with the lowest RSSI measurement results.
· FFS how to address the case when the value of Q of LTE SL and NR SL is different.
Proposal 4: For NR SL and LTE SL co-channel co-existence via dynamic resource sharing, support 30 kHz and higher SCSs in addition to 15 kHz SCS for NR SL.
Proposal 5: For dynamic resource pool sharing, NR SL time slots that overlap with LTE SL subframes and cause AGC issue in LTE SL UEs are excluded by Option 3 (exclude slots causing AGC issue). 
· In Option 3, only slot(s) other than the first slot overlapping in time with LTE SL’s reservation are excluded.
Proposal 6:  Support Alt 1 (avoid PSFCH transmissions) for NR SL and LTE SL co-channel co-existence via dynamic resource sharing. 
· PSFCH occasions are (pre-)configured in the shared resource pool as in Rel-16 NR SL.
· When HARQ-ACK is enabled, the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
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Appendix A: Evaluation Assumptions
[bookmark: _Ref100764077]Table 1: Basic simulation assumptions for NR SL and LTE SL 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 solution, assuming Rel-18 UE select resource based on the reservation information from both LTE SL and NR SL.

	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 SL and NR SL:
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
	LTE SL: 1 initial transmission + 1 blind retransmission
NR SL: 1 initial transmission + 1 HARQ-based 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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