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Introduction
In the last RAN1#110bis-e meeting, the following agreements for co-channel coexistence for LTE sidelink and NR sidelink have been made [1]:
	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· 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
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE

Agreement
For dynamic resource pool sharing, the NR SL module uses the information shared by the LTE SL module to the NR SL module to determine the set of resources for its own transmission.
· FFS: which layer carries out the resource determination: PHY layer or MAC layer.

Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives

Agreement
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed




Based on the above agreements and the updated WID [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, in case of semi-static resource pool partitioning, once LTE SL UEs with such a configuration are deployed, it is most likely impossible to change or update the default configuration. 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.
There have also 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 advantages of NR sidelink, and supporting higher SCS than 15kHz is beneficial for high mobility scenarios. And 30kHz SCS is also necessary for Rel-18 NR SL UEs to communicate with legacy Rel-16/17 NR SL UEs within the same BWP, if the BWP is configured with 30kHz SCS. Since 30kHz SCS is one of supported SCSs for NR sidelink, the BWP for legacy NR SL UEs can be configured with 30kHz SCS. Therefore, we think it is too early to place the constraint.
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 support the solution easily mentioned in the above, 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, 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 1: 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, multi-slot transmissions can be considered. Even in case of multi-slot transmission, there is a gap symbol between slots. In order to resolve temporal power reduction due to the gap symbol, the gap symbol can be replaced by the previous PSSCH symbol. For 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.
Proposal 3: It is proposed to study multi-slot transmission for supporting higher SCS than 15kHz. And following aspects should be further studied:
· Whether to support different destination UEs for multi-slot transmission
· Whether to allow different sidelink transmission or only repeated sidelink transmission
· Others
For dynamic resource pool sharing, NR SL module uses the candidate information shared by LTE SL module. Regarding how to use the candidate information, two alternatives have been made in the last meeting as shown in the introduction section. In case of Alt 2, the candidate resource sets shared by LTE SL module may not suitable for NR SL transmission since periodicities, subchannel size, etc. for LTE SL will be different from NR SL. It may also cause LTE specification work since in order for LTE SL module to determine the candidate resource sets, some information e.g., for NR SL transmission may be required. Therefore, we propose to adopt Alt 1 for how NR SL module to use the candidate information shared by LTE SL module.
Proposal 4: It is proposed to adopt Alt 1 for how NR SL module to use the candidate information shared by LTE SL module as follows:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
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. 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 5: 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
· Time and frequency location of resources used for own LTE SL transmissions
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
If the sensing results are passed from LTE SL module to NR SL module, during the resource (re-)selection procedure for NR sidelink, 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.
[bookmark: _Hlk118389889]In order to prevent the candidate information shared by LTE SL module to be outdated and/or ensure the candidate information to be used as much as possible for NR sidelink resource selection, the timeline to pass the candidate information from LTE SL module to NR SL module should be decided. Even though one agreement for the timeline has been made in the last RAN1 meeting, further details are needed. According to the agreement, the latest time for sharing will be T ≤ Tmax ms. Regarding Tmax, it can be 4ms considering Rel-16 in-device coexistence framework. However, in order to ensure the candidate information to be used as much as possible, later timeline e.g., Tmax = Tproc,0 can be also considered if the sufficient processing time is guaranteed. In addition to the latest time, the earliest time 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 earliest time is not configured, it is up to UE’s implementation.
 [image: ]
[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+Tearliest and n+Tlatest. It will be beneficial to prevent the candidate information to be outdated and also ensure the candidate information as much as possible.
Proposal 6: Regarding timeline for sharing the candidate information from LTE SL module, the following aspects can be considered:
· Tmax = 4ms or Tproc,0
· Earliest time Te for sharing the candidate information, FFS for value of Te
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 to make a compromise solution. Basically HARQ-ACK feedback is one of essential features of NR sidelink for performance enhancement. Therefore, avoiding the transmission/reception of PSFCH seems not an efficient way. It will cause a lot of unnecessary retransmission. 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, no transmission of PSFCH may be proper way to handle the issue due to PSFCH transmission. Therefore, we propose to support both approaches depending on various situations based on resource pool level (pre-)configuration.
Proposal 7: It is proposed to support both following alternatives in order to overcome the AGC issue caused due to PSFCH transmission based on resource pool level (pre-)configuration:
· Alt 1: NR SL UEs avoid the transmission/reception of PSFCH in time slots that overlap with subframes used for LTE SL transmissions.
· Alt 2: NR SL UEs use a basic set of periodically repeating PSFCH slots which enables LTE SL UE-s to avoid them using current R14 RSSI based resource avoidance.
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 observation and proposals to support co-channel coexistence between LTE sidelink and NR sidelink.
Proposal 1: It is proposed to support higher SCS than 15kHz for co-channel coexistence between LTE sidelink and NR sidelink.
Observation 1: 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 multi-slot transmission for supporting higher SCS than 15kHz. And following aspects should be further studied:
· Whether to support different destination UEs for multi-slot transmission
· Whether to allow different sidelink transmission or only repeated sidelink transmission
· Others
Proposal 4: It is proposed to adopt Alt 1 for how NR SL module to use the candidate information shared by LTE SL module as follows:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
Proposal 5: 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
· Time and frequency location of resources used for own LTE SL transmissions
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
Proposal 6: Regarding timeline for sharing the candidate information from LTE SL module, the following aspects can be considered:
· Tmax = 4ms or Tproc,0
· Earliest time Te for sharing the candidate information, FFS for value of Te
Proposal 7: It is proposed to support both following alternatives in order to overcome the AGC issue caused due to PSFCH transmission based on resource pool level (pre-)configuration:
· Alt 1: NR SL UEs avoid the transmission/reception of PSFCH in time slots that overlap with subframes used for LTE SL transmissions.
· Alt 2: NR SL UEs use a basic set of periodically repeating PSFCH slots which enables LTE SL UE-s to avoid them using current R14 RSSI based resource avoidance.
Proposal 8: It is proposed to study the utilization of Rel-17 ICU schemes for dynamic resource sharing.
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