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Introduction
In RAN1#110b-e 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#97-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
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



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 last meeting and the candidate parameters were listed in the following agreement.
Agreement
[bookmark: _Hlk118447186]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
The above parameters are measured/collected by LTE module based on LTE mechanism. Among them, the following two parameters, ‘Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs’ and ‘Time and frequency location of resources used for own LTE SL transmissions’, refer to the time frequency resources in the LTE resource pool. NR module needs to be provided with the configuration of the LTE resource pool to actually obtain the resources to be excluded. For this reason, we think the parameters of the corresponding resource pool to which LTE SL transmission relates should be shared together with time and frequency locations. In high level, the LTE resource pool configuration parameters include the subframe indication, RB indication and SA period. It’s our understanding that time domain related resource pool parameters are already included in the LTE logical subframe related information. However, the RB indication information such as the information contained in startRB-Subchannel, startRB-PSCCH-Pool, adjacencyPSCCH-PSSCH, numSubchannel, sizeSubchannel etc should be provided to LTE module as well together with the two aforementioned parameters.
[bookmark: _Toc118709218][bookmark: _Toc118716039][bookmark: _Toc118723544][bookmark: _Toc118473441]NR module needs to be provided with frequency domain related resource pool informatio in e.g. startRB-Subchannel, startRB-PSCCH-Pool, adjacencyPSCCH-PSSCH, numSubchannel, sizeSubchannel to correctly obtain the time and frequency locations of reserved resources of other LTE UE or resources for its own transmission. 

[bookmark: _Toc6764][bookmark: _Toc939][bookmark: _Toc24792]Alternatives for using the shared information
In last meeting, two alternatives for using the shared information are agreed to be further studied as follows:
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
Sensing procedure in resource allocation mode 2 is performed per SL Tx resource pool. If Alt 1 is adopted, challenges need to be addressed such as how to determine the resources in next period reserved by an LTE SCI in a NR resource pool. Moreover, the FFS bullet leaves room for further discussion on the set of resources from LTE module. And it can be foreseeable that a lot of normative work is required to implement the solutions addressing the open issues. By contrast, if Alt 2 is adopted, with the set SA or SB generated by LTE module, Rel-17 IUC mechanism can be taken as a starting point for NR performing candidate resource set generation. Additional normative burden, if needed, will be quite marginal.
[bookmark: _Toc118473435][bookmark: _Toc118709212][bookmark: _Toc118716033][bookmark: _Toc118723531]Quite some open issues exist to support Alt 1 and it can be foreseeable that a lot of standardization work is required to make Alt 1 work.
[bookmark: _Toc118709213][bookmark: _Toc118473436][bookmark: _Toc118716034][bookmark: _Toc118723532]To support Alt 2, Rel-17 IUC mechanism can be taken as a starting point for NR performing candidate resource set generation with marginal additional normative burden, if needed.
Regarding Alt 2, during previous discussion, some companies may have a concern on how LTE SL module uses proper parameters to generate the candidate resource sets SA or SB meeting the requirement of NR SL transmission. A feasible solution is that the NR module provides related parameters for sensing to the LTE PHY SL module from the higher layer by UE internal implementation. Similar in Rel-15, a set of parameters is provided by eNB to SL UE for sensing in mode 3. The remaining PDB of NR traffic needs to be provided to LTE module as well, otherwise the LTE sensing procedure would fail to report the resources beyond the LTE RSW but within the NR remaining PDB when the NR remaining PDB is larger than LTE RSW. With the remaining PDB information (latency requirement), the LTE module can set the RSW covering the NR traffic or the same as the NR RSW.
[bookmark: _Toc118473437][bookmark: _Toc118709214][bookmark: _Toc118716035][bookmark: _Toc118723533]To support Alt 2, the NR SL module can provide sensing parameters, such as transmission period, PPPP, sub-channel size, latency requirement (remaining PDB) etc., to the LTE SL module through higher layer by UE internal implementation.
If we look into the resources in the candidate resource sets SA or SB generated by sensing parameters provided by NR SL module, according to LTE specification, each candidate single slot resource  within the RSW would be checked based on SCI decoding and RSRP threshold. After sensing, the single slot resources not belonging to candidate resource sets SA or SB can be regarded as reserved resources by other LTE SL UEs with the transmission period Prsvp_TX set to 100ms or other larger values. By contrast, each single slot resource  belonging to candidate resource sets SA or SB can be regarded as a valid resource for NR SL transmission within RSW not impacting LTE transmission. An example is shown in figure 1. 
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Figure 1: Example of sensing in LTE SL mode 4

[bookmark: _Toc118473438][bookmark: _Toc118709215][bookmark: _Toc118716036][bookmark: _Toc118723534]Based on LTE spec., the single slot resources not belonging to candidate resource sets SA or SB can be regarded as reserved resources by other LTE SL UEs.
[bookmark: _Toc118709216][bookmark: _Toc118473439][bookmark: _Toc118716037][bookmark: _Toc118723535]Based on LTE spec., the single slot resource  belonging to candidate resource sets SA or SB can be regarded as a valid resource for NR SL transmission within RSW not impacting LTE transmission
Considering that the calculation of periods for LTE SL and NR SL would be different due to different logical subframe/slot, the resources period(s) apart, e.g. not belonging to RSW, may still have collision with NR SL transmission on the resource selected in candidate resource sets SA or SB. Re-evaluation and pre-emption can be applied to mitigate the impact on NR SL transmissions.
[bookmark: _Toc118709217][bookmark: _Toc118473440][bookmark: _Toc118716038][bookmark: _Toc118723536]Re-evaluation and pre-emption can be applied to re-evaluate/reselect the resources not belonging to RSW to mitigate the impact of different period calculation on NR SL transmissions.
Another issue is how the NR SL module handles the case when the candidate resource set, after the intersection operation, has an insufficient set of resources for selection. The similar issue has been discussed in IUC in Rel-17, and the similar solution can be reused, e.g. if the intersection of SA generated by NR SL module and SA or SB shared by LTE SL module is less than , the MAC layer can select resources not belonging to the intersection but within the SA generated by NR SL module.
[bookmark: _Toc118709220][bookmark: _Toc118473443][bookmark: _Toc118716040][bookmark: _Toc118723545][bookmark: _Toc8085][bookmark: _Toc12185][bookmark: _Toc31266][bookmark: _Toc11974][bookmark: _Toc95396001][bookmark: _Toc22738][bookmark: _Toc87036168]For Alt 2 performed in the MAC layer, the intersection operation can be done by similar solution of IUC to handle insufficient set of resources.
[bookmark: _Toc118709221][bookmark: _Toc118716041][bookmark: _Toc118723546]If the intersection of SA generated by NR SL module and SA or SB shared by LTE SL module is less than , the MAC layer can select resources not belonging to the intersection but within the SA generated by NR SL module.

Timeline for the information shared by the LTE SL module to the NR SL module
From the perspective of reusing the framework for in-device coexistence as much as possible, the mechanism with T≤Tmax ms was agreed during the last meeting, however, Tmax is FFS. Regarding T, it should refer to the processing time of shared information for sensing and resource selection by NR module. Thus, the processing time defined in Rel-16 for in-device coexistence can be reused for dynamic resource pool sharing, i.e. Tmax is 4 ms. 
[bookmark: _Toc118709222][bookmark: _Toc118473445][bookmark: _Toc118716042][bookmark: _Toc118723547]Value of Tmax should be 4 ms.
PSFCH Overlapping with LTE SL transmissions
In 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 (V):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in time slots that overlap with subframes used for LTE SL transmissions (Alt 1).
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS: The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS details.
· FFS: NR SL UEs use a periodically repeating set of PSFCH slots (Alt 2).
· Within these periodically repeating slots, the NR SL UE may be optionally (pre-)configured with the following options:
· The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· The PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· Both.
· Determine details including 
· Periodicity of the basic set of PSFCH slots and the location (in time) of PSFCH slots within the basic set.
· FFS: whether/how to handle the case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission, in the overlapping slot with an LTE SL transmission.


For Alt 2 based on a periodically repeating set of PSFCH slots, we still have concerns on it. Firstly, the desired purpose cannot be achieved through S-RSSI based detection, because S-RSSI ranking based on the measurement of PSFCH can hardly accumulate sufficient energy to be excluded by the LTE SL module. Secondly, LTE SL module may not correctly avoid the NR PSFCH slot with different understanding on logical slot/subframe and LTE performance will be unfavorably degraded with such avoidance. In addition, to align the gap for RSSI measurement in LTE SL, a lot of additional standardization work on PSFCH mapping design may be required. Therefore, Alt 2 should not be agreed as a solution until the details of Alt 2 are resolved.
[bookmark: _Toc118709223][bookmark: _Toc118473446][bookmark: _Toc118716043][bookmark: _Toc118723548]For the issue of PSFCH overlapping with LTE SL transmissions, Alt 2 is not supported until the details of Alt 2 are resolved.
For Alt 1, from the Tx perspective of PSCCH/PSSCH, to avoid possible PSFCH overlapping, the slots mapping to a PSFCH slot overlapping with LTE SL transmission should be excluded. This could greatly reduce the candidate single slot resources. Whilst from the Rx perspective of PSCCH/PSSCH, if one PSFCH is dropped due to overlapping, a retransmission would be triggered in case of no HARQ feedback received. And this could happen in Rel-16 due to power limit or prioritization of transmissions/receptions not deteriorating the functionality of the system. Moreover, with Alt 1, it’s challenging to always ensure the NR transmission will not overlap with the actual LTE transmission relying on the sensing outcome, in particular considering the different logical slot/subframe setting of NR/LTE resource pool. To guarantee the performance of LTE sidelink, it is suggested to consider the PSFCH resources overlapping with LTE SL resources.
[bookmark: _Toc118709224][bookmark: _Toc118473447][bookmark: _Toc118716044][bookmark: _Toc118723549]The option that the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL resources in the time domain is supported.
Higher SCS for dynamic resource pool sharing
	The latest FL Proposal 1-5 (V):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:
· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupy all symbols (across multiple time slots) within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps an LTE SL transmission.
· Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL UEs about the resource reservations used by NR SL UEs.
· 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.
· Other options are not precluded, including combination of more than one option.



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, so the co-channel coexistence scenario should also maintain this feature as much as possible to avoid the very limited situation of only 15 kHz. However, there is a concern on AGC issue to support higher SCS. As shown in the latest FL proposal in the latest meeting, it mainly includes option 1 and option 3 to solve AGC issue. However, option 3 relies heavily on the LTE SL module sensing result, and a whole slot would be excluded due to only a few resources are used by LTE SL UE. Therefore, we prefer option 1. 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 2. The independent slot structure1 does not change the original NR SL slot structure. Each independent slot structure includes independent PSCCH. For #13/#14 symbols of independent struture1 in figure 2, they are no more a GP or AGC symbols, and they can be a duplication of adjacent symbols. While for independent slot structure2, a symbol shift can be done in second slot leaving two symbols for GAP, it can maintain the same number of available symbols for each SL transmission. The unified slot structure3 can include only one SCI 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.


Figure 2. example of slot structure for SCS 30kHz
[bookmark: _Toc118473448][bookmark: _Toc118709225][bookmark: _Toc118716045][bookmark: _Toc118723550]Besides 15kHz, support higher SCS for co-channel coexistence.
[bookmark: _Toc118473449][bookmark: _Toc118709226][bookmark: _Toc118716046][bookmark: _Toc118723551]To avoid AGC issue with higher SCS, option 1(multi-slot transmissions or slot aggregation) can be supported.
[bookmark: _Toc118473450][bookmark: _Toc118709227][bookmark: _Toc118716047][bookmark: _Toc118723552]For multi-slot transmissions or slot aggregation proposed for higher SCS, independent slot structure including PSSCH and corresponding PSCCH can be considered.
Conclusion
According to the discussion above, we provide the following observations and proposals:
Observation 1:	Quite some open issues exist to support Alt 1 and it can be foreseeable that a lot of standardization work is required to make Alt 1 work.
Observation 2:	To support Alt 2, Rel-17 IUC mechanism can be taken as a starting point for NR performing candidate resource set generation with marginal additional normative burden, if needed.
Observation 3:	To support Alt 2, the NR SL module can provide sensing parameters, such as transmission period, PPPP, sub-channel size, latency requirement (remaining PDB) etc., to the LTE SL module through higher layer by UE internal implementation.
Observation 4:	Based on LTE spec., the single slot resources not belonging to candidate resource sets SA or SB can be regarded as reserved resources by other LTE SL UEs.
Observation 5:	Based on LTE spec., the single slot resource  belonging to candidate resource sets SA or SB can be regarded as a valid resource for NR SL transmission within RSW not impacting LTE transmission
Observation 6:	Re-evaluation and pre-emption can be applied to re-evaluate/reselect the resources not belonging to RSW to mitigate the impact of different period calculation on NR SL transmissions.

Proposal 1:	NR module needs to be provided with frequency domain related resource pool informatio in e.g. startRB-Subchannel, startRB-PSCCH-Pool, adjacencyPSCCH-PSSCH, numSubchannel, sizeSubchannel to correctly obtain the time and frequency locations of reserved resources of other LTE UE or resources for its own transmission.
Proposal 2:	For Alt 2 performed in the MAC layer, the intersection operation can be done by similar solution of IUC to handle insufficient set of resources.
[bookmark: _GoBack]•	If the intersection of SA generated by NR SL module and SA or SB shared by LTE SL module is less than , the MAC layer can select resources not belonging to the intersection but within the SA generated by NR SL module.
Proposal 3:	Value of Tmax should be 4 ms.
Proposal 4:	For the issue of PSFCH overlapping with LTE SL transmissions, Alt 2 is not supported until the details of Alt 2 are resolved.
Proposal 5:	The option that the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL resources in the time domain is supported.
Proposal 6:	Besides 15kHz, support higher SCS for co-channel coexistence.
Proposal 7:	To avoid AGC issue with higher SCS, option 1(multi-slot transmissions or slot aggregation) can be supported.
Proposal 8:	For multi-slot transmissions or slot aggregation proposed for higher SCS, independent slot structure including PSSCH and corresponding PSCCH can be considered.
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