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Introduction
In RAN1#110 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 on co-channel coexistence for LTE sidelink and NR sidelink and provide our views on the potential specification impact.
	Working assumption
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.
Conclusion
For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated
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
· 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.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.



Discussions 
Dynamic resource pool sharing
There was an agreement about SCS and PSFCH for dynamic resource pool sharing, as a starting point, 15 kHz SCS is supported. But it should be noted that flexibility with higher SCS can mitigate the impact of Doppler frequency shift due to higher UEs’ speed. Therefore, the need to support higher SCS needs to be considered. However, as many companies’ concern in the previous two meetings, AGC issue would occur when SCS is larger than 15 kHz due to different numerology with different slot lengths. In our understanding, one possible way is to support multi-slot aggregation, i.e., to avoid AGC issue, the same or different TBs will be transmitted on the aggregated slots.
[bookmark: _Toc939][bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc115358324][bookmark: _Toc115449504][bookmark: _Toc115449532][bookmark: _Toc115449558][bookmark: _Toc115449586][bookmark: _Toc115449604][bookmark: _Toc94][bookmark: _Toc115449761]Higher SCS should be supported.
[bookmark: _Toc115358325][bookmark: _Toc115449505][bookmark: _Toc115449533][bookmark: _Toc115449559][bookmark: _Toc115449587][bookmark: _Toc115449605][bookmark: _Toc115449762]To avoid the AGC issue caused by different SCS, multi-slot aggregation can be considered.
Regarding the potential solutions for PSFCH, there were two alternatives to be studied:
Alt 1 focuses on NR side to avoid collision between NR PSFCH and LTE SL resources. From the perspective of complexity of normative work, the solution by UE not transmitting PSSCH to avoid PSFCH transmission in time slot that overlaps with LTE SL transmission will affect the resource selection procedure of mode 2. So the solution by UE not transmitting PSFCH seems more straightforward and is proposed to be supported.
Alt 2 mainly focuses on LTE side via S-RSSI measurement to avoid collision between LTE SL resources and slots for NR PSFCH. Some companies mentioned that sensing based on Rel-14 S-RSSI measurement can be used to avoid collision between LTE SL resources and NR PSFCH, but actually the legacy solution with S-RSSI based cannot achieve the desired intention due to the following two aspects: Firstly, based on the different calculation method of NR resource reservation period and LTE resource reservation interval, S-RSSI based sensing may have a mismatched result for PSFCH slots. Secondly, S-RSSI measurement defined in LTE SL is a linear average of the symbols not including the AGC and GP symbols on the subframe in the unit of per subchannel, however, the PSFCH only occupies one RB and two symbols in a slot, and some RBs potentially may not carry any HARQ feedback, thus the slot with PSFCH cannot be accurately measured in both time and frequency dimensions via S-RSSI measurement in LTE SL.
[bookmark: _Toc28866][bookmark: _Toc115358326][bookmark: _Toc115449506][bookmark: _Toc115449534][bookmark: _Toc115449560][bookmark: _Toc115449588][bookmark: _Toc115449606][bookmark: _Toc115449763]Alt 1 is supported, i.e. when the slots configured for NR PSFCH resources overlap with the slots in LTE SL resource pool, no transmission or reception of NR PSFCH is performed on the NR PSFCH resources.
Semi-static resource pool partitioning
In RAN1#110 meeting, RAN1 has concluded that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs. During RAN#97-e, some companies mentioned that the remaining issue of TDM based semi-static resource pool partitioning, e.g. FFS part, should be further studied. In general, TDM based semi-static resource pool partitioning can support all of Rel-16/17/18 NR sidelink devices to coexist with LTE sidelink devices by assigning orthogonal resource pools, and can also support flexible SCS configuration without AGC issues and inter RAT interference between NR and LTE SL. To configure orthogonal resource pool for NR and LTE SL in a realizable way, at least the following conditions need to be considered:
· The time position of S-SSBs (pre-)configured for NR SL and SLSS resource configured for LTE SL is the same.
· The number of S-SSBs (pre-)configured for NR SL and SLSS resource for LTE SL is the same.
· The number of reserved slots for NR SL and LTE SL is the same.
· Slot boundary is aligned by common synchronization procedure.
[bookmark: _Toc525][bookmark: _Toc82][bookmark: _Toc29400]Based on above discussion, the following observation and proposals are given:
[bookmark: _Toc87036161][bookmark: _Toc115358319][bookmark: _Toc111197386][bookmark: _Toc86935884][bookmark: _Toc101709372][bookmark: _Toc5439][bookmark: _Toc22913][bookmark: _Toc10843][bookmark: _Toc115420821]TDM based semi-static resource pool partitioning can support all of Rel-16/17/18 NR sidelink to coexist with LTE sidelink and allow flexible SCS configuration without causing interference and AGC issues to LTE and NR sidelink.
[bookmark: _Toc13628][bookmark: _Toc115358327][bookmark: _Toc115449507][bookmark: _Toc115449535][bookmark: _Toc115449561][bookmark: _Toc115449589][bookmark: _Toc115449607][bookmark: _Toc115449764]Besides dynamic co-channel coexistence with high priority, semi-static co-channel coexistence such as TDM based approach should be further studied and completed.
[bookmark: _Toc115358328][bookmark: _Toc115449508][bookmark: _Toc115449536][bookmark: _Toc115449562][bookmark: _Toc115449590][bookmark: _Toc115449608][bookmark: _Toc31266][bookmark: _Toc12185][bookmark: _Toc8085][bookmark: _Toc22738][bookmark: _Toc95396001][bookmark: _Toc11974][bookmark: _Toc87036168][bookmark: _Toc115449765]To configure orthogonal resource pools for NR and LTE SL in time domain, at least the following conditions need to be met:
[bookmark: _Toc115358329][bookmark: _Toc115449509][bookmark: _Toc115449537][bookmark: _Toc115449563][bookmark: _Toc115449591][bookmark: _Toc115449609][bookmark: _Toc115449766]The same time position and number of slots/subframes for NR S-SSB and LTE synchronization signals, 
[bookmark: _Toc115358330][bookmark: _Toc115449510][bookmark: _Toc115449538][bookmark: _Toc115449564][bookmark: _Toc115449592][bookmark: _Toc115449610][bookmark: _Toc115449767]The same number of reserved slots, and
[bookmark: _Toc115358331][bookmark: _Toc115449511][bookmark: _Toc115449539][bookmark: _Toc115449565][bookmark: _Toc115449593][bookmark: _Toc115449611][bookmark: _Toc115449768]Aligned slot boundary by common synchronization procedure.
Synchronization
There exists the priority order difference between NR and LTE synchronization procedure. For example, NR GNSS based synchronization procedure treats UE synchronized with GNSS with higher priority than UE synchronized with base station, while LTE GNSS based synchronization procedure treats UE synchronized with GNSS and base station as the same priority. This would incur synchronization difference and deteriorates communication if in dynamic resource pool sharing an NR device without any knowledge of the LTE synchronization information in concurrent resource pool. Similar issues exist for semi-static resource pool partitioning as well. Though one may say Rel-16 device shall not be bothered at all by re-using the indevice coexistence framework acquiring the time from LTE modules within the same device. At least the following scenarios shall need some other solutions:
For a Rel-18 device without any LTE modules, which is probable given a high end device may not be always mandated by regulation to support basic safety requirements via LTE modules only, the only way to obtain timing information from a LTE module from a given device is through the decoding of PSSCH. However, this is not feasible without firstly ensuring the NR device to be synchronized with the LTE module providing the timing information.
Even for a Rel-18 device with LTE module, the LTE module may be from Rel 14 or Rel 15. A simple upgrade with the addition of a Rel-18 NR module is unlikely to mandate the exchange of timing information from the Rel 14 or Rel 15  LTE module with the NR module in the same device. If such unfavorable mandate is in place, obstacles will be established to  overall market deployment. 
For the above concerned scenarios, a simple solution would be to require NR module/device to follow the synchronization selection order of LTE SL. This solution is a straightforward extension of additionally including LTE synchronization orders in the NR device synchronization process, where the LTE synchronization functionality corresponding to the synchronization orders are already supported by legacy NR device. Not only negligible specification impact nor any implementation efforts are anticipated. In short, the addition of LTE synchronization order is a simple rearranging/alignment of the synchronization operations.
[bookmark: _Toc115449512][bookmark: _Toc115449540][bookmark: _Toc115449566][bookmark: _Toc115449594][bookmark: _Toc115449612][bookmark: _Toc115449513][bookmark: _Toc115449541][bookmark: _Toc115449567][bookmark: _Toc115449595][bookmark: _Toc115449613][bookmark: _Toc115449514][bookmark: _Toc115449542][bookmark: _Toc115449568][bookmark: _Toc115449596][bookmark: _Toc115449614][bookmark: _Toc115449515][bookmark: _Toc115449543][bookmark: _Toc115449569][bookmark: _Toc115449597][bookmark: _Toc115449615][bookmark: _Toc25010][bookmark: _Toc17712][bookmark: _Toc115358332][bookmark: _Toc115449769][bookmark: _Toc115449516][bookmark: _Toc115449544][bookmark: _Toc115449570][bookmark: _Toc115449598][bookmark: _Toc115449616][bookmark: _Toc115358334][bookmark: _Toc7896][bookmark: _Toc11045][bookmark: _Toc115449517][bookmark: _Toc115449545][bookmark: _Toc115449571][bookmark: _Toc115449599][bookmark: _Toc115449617]The slot boundary can be aligned between NR SL and LTE SL by requiring NR SL to perform synchronization procedure according to the synchronization priority selection order of LTE SL.
Device types
For device type A, with the NR SL module can use the sensing and resource reservation information shared by LTE SL module to assist NR mode 2 sensing, it is expected that NR module can exclude some resources occupied by LTE SL in case of dynamic resource pool sharing. However, type B does not have such a function, therefore, introducing type B is not desired at this stage.
[bookmark: _Toc9518][bookmark: _Toc27902][bookmark: _Toc115358335][bookmark: _Toc115449518][bookmark: _Toc115449546][bookmark: _Toc115449572][bookmark: _Toc115449600][bookmark: _Toc115449618][bookmark: _Toc115449770]Confirm the working assumption about device type A made in the latest meeting.
	Working assumption
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.



Mode combinations
Considering LTE SL mode 3 and mode 4 have been already supported in Rel-14 and 15, as well as NR SL mode 1 and mode 2 in Rel-16 and 17, beside combination A, we think that other mode combinations should be considered as well. Regarding combination C, a common understanding is that, at least from the perspective of NR SL, there is no essential difference between combination A and C, i.e., comparing to combination A, combination C does not require additional standardization work. In other words, any enhancements to NR SL with mode 2 can be directly applied to combination A and C. Considering the above aspects, it should be naturally noted that combination C and combination A has same prioriry.
[bookmark: _Toc115358320][bookmark: _Toc111197384][bookmark: _Toc115420822]The solution of combination A can be reused for combination C because there is no essential difference for combination C comparing to combination A.
[bookmark: _Toc6573][bookmark: _Toc115358336][bookmark: _Toc30958][bookmark: _Toc115449519][bookmark: _Toc115449547][bookmark: _Toc115449573][bookmark: _Toc115449601][bookmark: _Toc115449619][bookmark: _Toc115449771]Combination C should have the same priority as Combination A.
On the other hand, to investigate which mode combinations to be supported, it is reasonable to consider the deployment scenarios, e.g., NR SL InC deployment on ITS carrier may be a valid scenario in some regions/countries. In this case, UE can operate in NR SL mode 1, with gNB assist, higher performance would be achieved, so combination B should be considered too. Based on the solution for mode 3 and mode 4 resource pool sharing which has been already supported in Rel-15, we do not think that support of combination B will significantly increase the standardization burden. To support combination B, the solution in Rel-15 can be reused, i.e., mode 1 UE may sense and report sensing result to gNB.
[bookmark: _Toc115358337][bookmark: _Toc9831][bookmark: _Toc27325][bookmark: _Toc115449520][bookmark: _Toc115449548][bookmark: _Toc115449574][bookmark: _Toc115449602][bookmark: _Toc115449620][bookmark: _Toc115449772][bookmark: _GoBack]Combination B can be further considered after the competition of combination A, and the legacy mechanism in Rel-15 (sensing and reporting the sensing results to network) can be taken as starting point.
Conclusion
According to the discussion above, we provide the following observations and proposals:
Observation 1:	TDM based semi-static resource pool partitioning can support all of Rel-16/17/18 NR sidelink to coexist with LTE sidelink and allow flexible SCS configuration without causing interference and AGC issues to LTE and NR sidelink.
Observation 2:	The solution of combination A can be reused for combination C because there is no essential difference for combination C comparing to combination A.

Proposal 1:	Higher SCS should be supported.
Proposal 2:	To avoid the AGC issue caused by different SCS, multi-slot aggregation can be considered.
Proposal 3:	Alt 1 is supported, i.e. when the slots configured for NR PSFCH resources overlap with the slots in LTE SL resource pool, no transmission or reception of NR PSFCH is performed on the NR PSFCH resources.
Proposal 4:	Besides dynamic co-channel coexistence with high priority, semi-static co-channel coexistence such as TDM based approach should be further studied and completed.
Proposal 5:	To configure orthogonal resource pools for NR and LTE SL in time domain, at least the following conditions need to be met:
•	The same time position and number of slots/subframes for NR S-SSB and LTE synchronization signals,
•	The same number of reserved slots, and
•	Aligned slot boundary by common synchronization procedure.
Proposal 6:	The slot boundary can be aligned between NR SL and LTE SL by requiring NR SL to perform synchronization procedure according to the synchronization priority selection order of LTE SL.
Proposal 7:	Confirm the working assumption about device type A made in the latest meeting.
Proposal 8:	Combination C should have the same priority as Combination A.
Proposal 9:	Combination B can be further considered after the competition of combination A, and the legacy mechanism in Rel-15 (sensing and reporting the sensing results to network) can be taken as starting point.
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