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Introduction
In the last RAN1#112 meeting, the following agreements for co-channel coexistence for LTE sidelink and NR sidelink have been made [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.



Based on the above agreements and the previous proposals in [2], we introduce our views on the co-channel coexistence of LTE sidelink and NR sidelink especially for dynamic resource sharing with high priority for Type A devices and operating combination A which is the combination of Mode 2 NR SL and Mode 4 LTE SL in this contribution.
Co-channel coexistence of LTE sidelink and NR sidelink
Even though it was concluded that TDM-based semi-static resource pool partitioning based on Rel-16/17 specification is one of solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs, it is most likely impossible to change or update the default configuration once LTE SL UEs with such a configuration are deployed in case of semi-static resource pool partitioning. If it is possible to change or update the default configuration according to the influx of NR SL UEs, it can be easily used for co-channel coexistence. However, the change or update of the default configuration is out of RAN1 scope. Therefore, we think it is neither enough nor future proof solution for the coexistence issues, and therefore propose to focus a dynamic approach. Considering Type A devices with high priority, the simple solution can be applied easily for dynamic resource sharing i.e., passing LTE sensing results from LTE SL module to NR SL module, and using it for NR resource selection procedure.
Higher SCS
There have been arguments for introducing constraints on the configuration of shared resource pools such as limiting 15kHz SCS to both LTE sidelink and NR sidelink. However, flexible (higher) numerology is one of key features of NR sidelink, and supporting higher SCS than 15kHz is beneficial for high mobility scenarios. And considering the resource efficiency, both Rel-18 and legacy NR SL UEs need to be configured within the same BWP. Therefore, if the BWP is configured higher SCS than 15kHz, the higher SCS is also necessary for Rel-18 NR SL UEs to communicate with legacy Rel-16/17 NR SL UEs within the same BWP. Therefore, we think it is too early to place the constraint.
Observation 1: Rel-18 and legacy NR UEs can be configured within the same BWP considering the resource efficiency.
Proposal 1: It is proposed to support higher SCS than 15kHz for co-channel coexistence between LTE sidelink and NR sidelink.
Given that different SCS from LTE sidelink is supported for NR sidelink, in order to easily support the solution for co-channel coexistence, it would be better to align resource grids between LTE sidelink and NR sidelink, for example same subchannel size or integer multiple relationship between LTE and NR considering a ratio of different subcarrier spacings (N∙LTE subchannel size = NR subchannel size or LTE subchannel size = M∙NR subchannel size, where M and N are integer values). If not aligned between two resource grids, lots of sidelink resources would be wasted.
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[bookmark: _Ref101963254]Figure 1. Example of misaligned resource grids between LTE sidelink and NR sidelink
Figure 1 shows an example of misaligned resource grids between LTE sidelink and NR sidelink i.e., NR subchannel size > LTE subchannel size and not integer multiple relationship. In the figure, both Case #1 and Case #2 shows NR sidelink resources overlapped with used LTE sidelink resources. In order to avoid resource collisions, NR SL UE will not use the overlapped regions. If the resource grids between two RATs are misaligned, unnecessary resource waste will be occurred, especially in Case #2, NR sidelink resources will be wasted more (e.g., “wasted NR resources” as shown in  Figure 1).
Observation 2: If the resource grids between two RATs are not aligned, it will cause inefficient resource utilization.
Proposal 2: It is proposed to study the resource configuration to support dynamic resource sharing using overlapping resource pools between two RATs with different SCSs:
· Aligned resource grids between two RATs with integer multiple relationship
For supporting higher SCS than 15kHz without AGC issue, two options were discussed in the last meeting [2]. One is transmitting NR SL transmissions of higher SCSs over all slots within an LTE SL subframe of 15 kHz (i.e., multi-slot transmission), and the other is excluding slots overlapping with LTE SL transmissions based on the information shared by the LTE SL module as follows:
	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 
· [bookmark: _Hlk127202605]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



There are pros and cons for both options. For supporting multi-slot transmission, even though there are some concerns on the increased workload, MCSt (Multi-Consecutive Slots Transmission) which has been discussed in NR SL-U can be reused as much as possible in order to minimize the workload. In case of excluding slots overlapping with LTE SL subframe, there could be insufficient candidate resources for resource selection due to excessive exclusion. However, it could be the simple solution with marginal workload when there is light LTE traffic in the shared resource pool. Therefore, both options should be studied, and one of them or a combination of both options can be considered for supporting higher SCS than 15kHz. Regarding the FFS for Option 1, it should be applicable only when the NR SL transmission overlaps an LTE SL transmission based on information shared by the LTE SL module for better resource utilization and complexity reduction. Regarding an issue on excessive exclusion for Option 3, it can be mitigated by the use of slot aggregation only when the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe. Therefore, we propose to study the followings:
Proposal 3: It is proposed to study the following options 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 an LTE SL subframe of 15 kHz
· Support multi-slot transmission 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
· 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
· Both Option 1 and 3
For supporting multi-slot transmissions, it should be studied whether to support that the destination UE(s) for sidelink transmission in each slot can be different. For example, assuming 2-slot transmission considering 15kHz SCS for LTE SL and 30kHz for NR SL, when the destination UEs for transmissions in each slot are different, that is the transmission in the first slot is targeting UE#1, and the transmission in the second slot is targeting UE#2, if SL pathloss based power control, or both SL and DL pathloss based power control is used, the transmission power in each slot can be different. In this case, AGC issue can be occurred due to the power difference between two slots. However, if DL pathloss based power control only or no power control (i.e., max transmission power) is used, the transmission power for both slots will be the same regardless of destination UEs. As a consequence, there will be no AGC issue. In addition to the power related issue depending on destination UE(s), other parameters such as TB size, MCS level, and so on, should be also considered together in order to support multi-slot transmission since different parameters will require different size of resources. The issues on different power and parameters over multi-slot transmission can be easily resolved by the repetition of sidelink transmissions.
Proposal 4: For supporting multi-slot transmissions, it is proposed to study the following aspects further:
· Whether to support different destination UEs for multi-slot transmission
· Whether to allow different sidelink transmission or only repeated sidelink transmission
· Others
PSFCH Overlapping
Regarding the ACG issue caused due to PSFCH transmission, two alternatives were made, however it was failed to down select one of them, and also failed to make a compromise solution. Basically HARQ-ACK feedback is one of essential features of NR sidelink for performance enhancement. Therefore, avoiding the transmission and/or reception of PSFCH seems not an efficient way. It will cause a lot of unnecessary retransmission and reduce resource efficiency. In LTE sidelink, there is one more step for resource selection procedure. After identifying available candidate resources based on SCI decoding and RSRP measurement which is a first list of candidate resources, it creates a second list of candidate resources based on RSSI measurements from the first list. Hence LTE SL UE can exclude PSFCH slot based on RSSI measurements. However, as commented by other companies, RSSI-based resource exclusion may not guarantee the avoidance completely, especially in high loaded traffic situation. In this situation, dropping and/or disabling PSFCH transmission may be proper way to handle the issue due to PSFCH overlapping. For conditional avoidance of PSFCH transmission, the condition(s) for PSFCH transmission can be added under the option for avoiding PSFCH transmission. In case of additional PSFCH periodicities e.g., 5, 8, and 10, further study and clarification are necessary since it has backward compatible issue if the resource pool is shared with legacy Rel-16/17 NR SL UEs. Therefore, we propose to support both approaches depending on various situations based on resource pool level (pre-)configuration.
Proposal 5: 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
· Avoids transmissions on the PSFCH resources, or
· TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources 
· RX UE does not transmit on the overlapping PSFCH resources except for (if configured)
· 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
· Does not avoid transmission on the PSFCH resources
· FFS: Introduce additional PSFCH periodicity of [5, 8 and] 10
Candidate Information Shared by LTE SL Module
For dynamic resource pool sharing, NR SL module uses the candidate information shared by LTE SL module and exclude resources based on the shared information from its own candidate resource set when performing the resource (re-)selection procedure in the PHY layer according to the previous agreement in the above. Based on the shared candidate information, NR SL module needs to make the non-preferred resource set at first, and then exclude the identified resources from its own candidate resource set according to the UE procedure for using a received non-preferred resource set described in Section 8.1.4C in TS 38.214 [3]. NR SL candidate resource(s) which is overlapped fully or partially with LTE SL can be considered as the non-preferred resource set. Regarding the LTE logical subframe related information we also agree that 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. Therefore, in order to determine the non-preferred resource set, at least following parameters should be included in the candidate information shared by LTE SL module.
Proposal 6: At least the following parameters should be included in the candidate information shared by LTE SL module:
· 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
When NR SL module needs to make the non-preferred resource set based on the shared information from LTE SL module, different subcarrier spacings and/or different resource grids if any should be considered. If the subcarrier spacings between LTE and NR are different, the slot lengths and resource grids between LTE and NR are also different. As a consequence, the candidate single-slot resource between LTE and NR will be different. If the resource grids between LTE SL and NR SL are aligned as we proposed in the above, it will be very straightforward.
Timeline of Information Shared by LTE SL Module
Regarding the timeline to pass the candidate information from LTE SL module to NR SL module, it was agreed that the latest time for sharing is n-T which T ≤ Tmax ms, and Tmax is 4 ms considering Rel-16 in-device coexistence framework. In addition to the latest time, the earliest time (i.e., n-Tvalid) can be also considered to prevent usage of outdated information. The earliest time can be determined considering LTE sensing window, resource reservation periods and so on. If the sharing information is triggered by a request or a certain condition(s), n-Tvalid will be right after receiving the request or satisfying the condition(s).
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[bookmark: _Ref102056335]Figure 2. Example of timeline of sensing and resource (re-)selection procedure
Figure 2 shows an example of additional timeline for sharing the candidate information on top of legacy NR sidelink sensing and resource (re-)selection procedure. According to the additional timeline, NR SL module can use the candidate information shared by LTE SL module between n-Tvalid and n-T. It will be beneficial to prevent the candidate information to be outdated. If the earliest time is not configured, it is up to UE’s implementation.
Proposal 7: Regarding timeline for sharing the candidate information from LTE SL module to NR SL module, the valid time (Tvalid) should be introduced:
· FFS for value of Tvalid
Inter-UE Coordination Message for Coexistence
Inter-UE coordination (ICU) schemes in Rel-17 can be also used for supporting co-channel coexistence between LTE sidelink and NR sidelink as mentioned in the above. For example, Type A UE supporting also Rel-17 ICU features (i.e., ICU Scheme 1 and Scheme 2) can provide preferred/non-preferred ICU message, or also can provide collision indication via PSFCH based on LTE sensing results as well as NR sensing results. One UE receiving the coordination messages can use the information for its resource selection procedure regardless of LTE or NR sensing results since the receiving UE cannot distinguish which sensing results the information is based on.
Proposal 8: It is proposed to study the utilization of Rel-17 ICU schemes for dynamic resource sharing.
Summary
In this contribution, we made the following observations and proposals to support co-channel coexistence between LTE sidelink and NR sidelink.
Observation 1: Rel-18 and legacy NR UEs can be configured within the same BWP considering the resource efficiency.
Proposal 1: It is proposed to support higher SCS than 15kHz for co-channel coexistence between LTE sidelink and NR sidelink.
Observation 2: If the resource grids between two RATs are not aligned, it will cause inefficient resource utilization.
Proposal 2: It is proposed to study the resource configuration to support dynamic resource sharing using overlapping resource pools between two RATs with different SCSs:
· Aligned resource grids between two RATs with integer multiple relationship
Proposal 3: It is proposed to study the following options 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 an LTE SL subframe of 15 kHz
· Support multi-slot transmission 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
· 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
· Both Option 1 and 3
Proposal 4: For supporting multi-slot transmissions, it is proposed to study the following aspects further:
· Whether to support different destination UEs for multi-slot transmission
· Whether to allow different sidelink transmission or only repeated sidelink transmission
· Others
Proposal 5: 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
· Avoids transmissions on the PSFCH resources, or
· TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources 
· RX UE does not transmit on the overlapping PSFCH resources except for (if configured)
· 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
· Does not avoid transmission on the PSFCH resources
· FFS: Introduce additional PSFCH periodicity of [5, 8 and] 10
Proposal 6: At least the following parameters should be included in the candidate information shared by LTE SL module:
· 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
Proposal 7: Regarding timeline for sharing the candidate information from LTE SL module to NR SL module, the valid time (Tvalid) should be introduced:
· FFS for value of Tvalid
Proposal 8: It is proposed to study the utilization of Rel-17 ICU schemes for dynamic resource sharing.
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