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Introduction
In RAN1#111 meeting, some agreements on co-channel coexistence for LTE sidelink and NR sidelink were made as below in [1]. And the WID was revised and approved as [2] in RAN#98-e meeting. In this contribution, we further discuss the remaining issues for dynamic resource pool sharing and provide our views on potential specification impact.
	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.



Discussions 
The candidate information shared by LTE SL module to NR SL module
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module was discussed in the last meeting and the candidate parameters were listed in the following FL Proposal.
	The latest FL 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:
o   Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
o   SL RSRP measurement results
o   Resource reservation periods based on decoded SCI and for own LTE SL transmissions
o   Priority based on decoded SCI and for own LTE SL transmissions
o   Time and frequency location of resources used for own LTE SL transmissions
o   LTE logical subframe related information
o   Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
o   SL RSSI measurement results
It is RAN1’s understanding that the NR SL module is aware of the LTE SL resource pool configurations.


As discussed in the previous meetings, in the case of dynamic resource pool sharing, device type A is the major device type of interest. Device type A contains both LTE SL and NR SL modules for which both LTE and NR SL resource pool(s) are (pre-)configured. Thus, RAN1 can assume that NR SL module is aware of all parameters of LTE SL resource pool(s), including LTE logical subframe related information and subchannel related information.
For device type A, NR SL module is assumed aware of all parameters about LTE SL resource pool(s), including LTE logical subframe related information and subchannel related information.
[bookmark: _Toc939][bookmark: _Toc6764][bookmark: _Toc24792]Candidate information sharing
In the last meeting, one alternative performed in the PHY layer for using the shared information was agreed to be further studied as follows:
	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.


In above agreement, there are three FFS parts. The first two FFS parts are that the NR SL module excludes resources based on the information shared by the LTE SL module, which can be regarded as option 1. The third FFS part is that the NR SL module excludes resources based on candidate resource set SB shared by the LTE SL module, which can be regarded as option 2. To down select one of these two options, RAN1 should strive to minimize impact on NR SL specification. For option 1, NR SL module has to perform similar sensing procedure which has been performed in LTE module. For option 2, leveraging candidate resource set SB which is the outcome of LTE SL sensing operation, similar operation as Rel-17 IUC can be adopted by NR SL module. For example, resources not belonging to the generated LTE SL’s candidate resource set SB will be excluded by NR SL module. In addition, SB is a set with fewer or at most equal number of resources compared with SA. Thus resources not belonging to set A definitely do not belong to set B either. Option 2 excluding all resources not belonging to set B may be end up with not meeting the minimum percentage of the resources kept by the NR module. Thus candidate resource set SA seems more proper to be transferred from LTE to NR module than SB. It is noted that SA is also a resource set generated during the LTE UE sensing and resource selection procedure. 
Resource exclusion by sharing detailed information, such as the time and frequency locations, will introduce more standardization complexity, while by sharing candidate resource set SA (or SB ) would require less normative work.
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Timeline for information sharing from LTE SL module to NR SL module
In last meeting FL proposal, the timeline for information sharing from LTE SL module to NR SL module includes two alternatives as listed below.
	The latest FL 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,
o   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.
o   Alt 2: Further time-related aspects are up to UE implementation.


According to FL proposal, whether it is necessary to standardize the upper bound of LTE SL subframe validity time of shared information is questionable. We think that if the NR SL module receives multiple sets of shared information in different slots, the NR SL module can use the latest shared information by its implementation. In addition, whether to further set a time boundary for the shared information not earlier than a certain slot can be also left to UE implementation. Therefore, it is unnecessary to discuss the upper bound of the validity time of shared information .
It is unnecessary to discuss any further timeline for the validity of shared information, further time-related aspects are up to UE implementation.
PSFCH overlapping with LTE SL transmissions
In the last meeting, the solutions for PSFCH overlapping with LTE SL transmission were discussed, and the following FL proposal was listed as outcome.
	The latest FL 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
o   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.
o   Does not avoid transmission on the PSFCH resources (Alt 2), or
o   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.
o   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.
o   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.


We think that the solution that confining PSFCH within the LTE SL guard symbol should be excluded firstly, because this method can only be applicable to SCS with 60 kHz and the PSFCH configuration of period 4.
For the issue of PSFCH overlapping with LTE SL transmissions, the solution that confining PSFCH within the LTE SL guard symbol is not supported.
For Alt 2, even if a periodically repeating set of PSFCH slots are configured for NR SL, we still have concerns on it because that the desired purpose cannot be achieved through S-RSSI based detection. In most cases, S-RSSI ranking based on the measurement of PSFCH slot can hardly accumulate sufficient energy to be excluded by the LTE SL module. Besides, LTE SL module may not correctly avoid the NR PSFCH slot with misunderstanding on periodicity of PSFCH logical slot. As a result, LTE performance will be unfavorably degraded. if additional PSFCH periodicity is introduced, it may change the mapping between PSFCH and PSSCH. Therefore, Alt 2 should not be agreed.
For the issue of PSFCH overlapping with LTE SL transmissions, Alt 2 with introducing additional PSFCH periodicity is not supported.
Regarding Alt 1, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, PSCCH/PSSCH TX UE may avoid all resources on a slot which corresponding PSFCH resources overlap with any LTE SL transmissions. That means a lot of candidate resources on the slot should be excluded, thus, the transmission delay will increase and limited candidate resources could lead to serious interference, high resource collision probability, and significant performance degradation. Alternatively, for a PSFCH Tx UE, if overlapping occurs, PSFCH would be dropped for group cast with NACK only feedback. DTX issue will get worse and Tx UE will have misunderstanding on HARQ feedback. Considering the negative impacts, Alt 1 should not be supported.
For the issue of PSFCH overlapping with LTE SL transmissions, Alt 1 based on resource avoidance by PSSCH/PSSCH TX UE or RX UE is not supported.
Based on the above analysis, each solution has its inevitable disadvantages. Given the controversy over this topic, for the sake of progress, a compromised conclusion can be that PSFCH is not supported at least for dynamic resource pool sharing. For semi-static solution, it's of course open to further discuss whether/how to support PSFCH transmission.
PSFCH is not supported at least for dynamic resource pool sharing.
Higher SCS for dynamic resource pool sharing
In the last meeting, some views on higher SCS for dynamic resource pool sharing were listed in the following FL Proposal.
	The latest FL 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:
o   Option 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz
[bookmark: _Hlk127448727]  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.
o   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 NR system, support of different numerology is one important feature. Higher SCS can mitigate the impact of doppler frequency shift caused by high-speed movement. NR SL already supports higher SCS. As to the co-channel coexistence scenario, this feature should be maintained as much as possible to avoid the speed limited situation covered by 15 kHz. However, there is a concern on AGC issue to support higher SCS. As shown in the FL proposal above, option 1 and option 3 can be considered to solve AGC issue. 
For the details of FFS in option 1, two alternatives of potential solutions can be further studied:
Alternative 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz when a slot is configured within the LTE SL resource pool.
Alternative 2: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz when on a slot the NR SL transmission overlaps an LTE SL transmission based on information shared by the LTE SL module.
Comparing above two alternatives, Alt 2 relies on overlapping detection by NR module based on information shared by the LTE SL module. In some cases, the overlapping detection result is not quite reliable, and LTE SL performance would be deceased. While for Alt 1, on every LTE SL slot, there is no AGC issue.
For option 3, it relies heavily on the LTE SL module sensing result, and one or more whole slot overlapping with LTE SL transmission would be excluded due to AGC issue, even if only a few resources are used on this subframe by LTE SL UE. Another issue is that the probability of conflict will increase on the first slot overlapping in time with the LTE subframe if the FFS is further pursued. The reason is the UE have to resort to the first slot among all the slots overlapping with the LTE subframe.
Therefore, we prefer Alt 1 in option 1. To handle AGC issue, for a set of aggregated slots, the following two types can be considered: independent slot structure1/2 or unified slot structure3, as shown in Figure 1. The independent slot structure1 does not change the original NR SL slot structure. Each independent slot structure includes independent PSCCH. For the last symbol in first slot (#13 symbol) and the first symbol in second slot (#14 symbol) of independent struture1 in Figure 1, the GP or AGC symbols are no more necessary, and they can be a duplication of any adjacent symbol. While for independent slot structure2, a symbol shift can be done in second slot leaving two symbols in second slot for GAP symbols, it can maintain the same number of available symbols for each SL transmission. The unified slot structure3 can include only one PSCCH in the whole a set of aggregated slots. This slot structure can further improve symbol utilization, but there are more challenges to specify PSCCH/PSSCH mapping and TB size determination.


Figure 1. example of slot structure for SCS 30kHz
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Conclusion
According to the discussion above, we provide the following observations and proposals:
Observation 1: Resource exclusion by sharing detailed information, such as the time and frequency locations, will introduce more standardization complexity, while by sharing candidate resource set SA (or SB ) would require less normative work.

Proposal 1: For device type A, NR SL module is assumed aware of all parameters about LTE SL resource pool(s), including LTE logical subframe related information and subchannel related information.
Proposal 2: It is supported that NR SL module excludes resources not belonging to the generated LTE SL’s SA (or SB )from its own candidate resource set.
Proposal 3: It is unnecessary to discuss any further timeline for the validity of shared information, further time-related aspects are up to UE implementation.
Proposal 4: For the issue of PSFCH overlapping with LTE SL transmissions, the solution that confining PSFCH within the LTE SL guard symbol is not supported.
Proposal 5: For the issue of PSFCH overlapping with LTE SL transmissions, Alt 2 with introducing additional PSFCH periodicity is not supported.
Proposal 6: For the issue of PSFCH overlapping with LTE SL transmissions, Alt 1 based on resource avoidance by PSSCH/PSSCH TX UE or RX UE is not supported.
Proposal 7: PSFCH is not supported at least for dynamic resource pool sharing.
Proposal 8: Besides 15kHz, support higher SCS for co-channel coexistence.
Proposal 9: To avoid AGC issue with higher SCS, option 1(multi-slot transmissions or slot aggregation) can be supported.
Proposal 10: For multi-slot transmissions or slot aggregation proposed for higher SCS, independent slot structure including PSSCH and corresponding PSCCH can be supported.
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