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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Rel-18 sidelink work item [1] includes a “study and specify” objective on coexistence between NR and LTE sidelink:
4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A
…

Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-18 sidelink in a dedicated resource pool.

To date, RAN1 has made a working assumption to support coexistence for a device (“type A”) that has an NR module that can use sensing and resource reservation information from its LTE module. At the end of that same RAN1#110 meeting, RAN1 also concluded that TDM-based semi-static resource pool partitioning based on existing specifications is one solution for coexistence. The following RAN#97 meeting therefore debated stopping the coexistence work. In the end, the “study and specify” objective was allowed to continue to see if an agreement could be made on dynamic resource pool sharing. The two alternatives for NR PSFCH defined in RAN1#110 (Alt 1 relying on NR to avoid LTE, Alt 2 relying on existing LTE devices to avoid NR) were extensively discussed in RAN1#110-bis-e without any progress. As summarized by the feature lead [2],
The proponents of Alt 2 do not see Alt 1 as a viable option due to their simulation results showing performance degradation, while the proponents of Alt 1 do not see how [with Alt 2] the RSSI detection in LTE UEs would be able to comprehensively detect time slots where periodically repeating PSFCH transmissions take place.
So while a majority favor Alt 1, proponents of Alt 1 and Alt 2 both find the other alternative “infeasible”, and several companies appear unconvinced of either alternative and prefer not to support dynamic coexistence when NR PSFCH is configured.
In this contribution we suggest a possible compromise proposal, but if no progress is made again in RAN1#111 then RAN should consider whether further work on the objective when NR PSFCH is configured is warranted.

Detailed Status and Concerns
[bookmark: _Ref61360133]The definitions of Alt 1 and 2 can be found in the following agreement from RAN1#110.
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.

The final feature lead proposal from RAN1#110-bis-e is provided below, with the rainbow of colors coming from modifications due to various company comments throughout the meeting.
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.

The main objection raised by companies is performance related, where the proponents of Alt 2 say Alt 1 cannot work and proponents of Alt 1 say Alt 2 cannot work. Some specific concerns raised against Alt1 include:
· The NR TX UE cannot avoid LTE resource reservations that occur after PSCCH/PSSCH but before the PSFCH or from LTE “hidden” from it but not the RX UE that will transmit PSFCH
· Too much impact to the NR system when the (pre-)configured PSFCH resources are not used by NR users, and PSFCH slots may often have at least one LTE user
· Impact to groupcast operation from dropping (ACK/)NACK or specification/backward compatibility from postponing (ACK/)NACK
Some specific concerns raised against Alt 2 include:
· LTE RSSI measurements will not reliably cause all legacy LTE devices to avoid NR PSFCH, particularly in slots that only have NR PSFCH and not PSCCH/PSSCH
· Impact to LTE performance from using the overlapping resources
· Unclear performance of NR as the number of NR UEs increases
· How to define the periodic set, and the associated specification impact

Several companies prefer not to specify either Alt 1 or Alt 2, for the above reasons and also:
· LTE RX AGC issues when overlapping PSFCH resources are configured

Two compromises were also proposed:
1. Mandate Alt 2 and optionally configure Alt 1 on the periodic set
2. Configure between Alt 1 and Alt 2

Finally, it was noted that the issue can be dynamically resolved by disabling HARQ in the SCI.


Discussion
From the current status and the allowable set of PSFCH periodicities of {1,2,4} slots, we make the following observations.
Observation 1: Alt 2 prevents the use of possible PSFCH slots from NR users which will impact NR performance especially as the number of NR users increases. The slots not in the periodic set cannot be used by NR PSFCH even when LTE is not present.
Observation 2: Alt 2 does not help LTE when there are also legacy NR UEs in the same pool, a requirement of the WID.
Observation 3: Similar PSFCH resource utilization as the Alt 2 periodic set may be obtained with the introduction of additional periodicities such as 5 and/or 10 (which also divide into 20).
Observation 4: Given the large specification impacts and backward compatibility issues, new postponing behavior or the new periodic basic set operation are unlikely to be agreed.
Observation 5: Given the large concerns on the performance of Alt 2 and the majority of support for Alt 1, a compromise that mandates Alt 2 is unlikely to be agreed.
The compromise to configure between Alt 1 and Alt 2 seems to be to worst of both worlds. Rather than look for a scheme that all companies can support, large specification efforts will be needed to support multiple options that companies see as individually infeasible or ineffective. In addition, the UE features discussion would be expected to be particularly ugly in such a case with neither side allowing the other as part of basic dynamic operation. It would be unlikely that such a fragmented feature could ever gain the significant market penetration to be worth the effort. Therefore we propose:
Proposal 1: Do not support (as either an agreement or working assumption) the compromise to standardize both Alt 1 and Alt 2 and pick one by configuration.

Given the above discussion, one possible compromise is to support Alt 1, where an additional PSFCH period is configured to identify PSFCH slots where Alt 1 dynamic coexistence is applied. For example, 2 slot sl-PSFCH-Period is configured and a new 4 slot sl-PSFCH-Period-Coex is configured, so that every other PSFCH resource is preserved and cannot be dropped due to coexistence. Additional periods may be defined for Rel-18 such as 8, which would allow e.g. 4 slot sl-PSFCH-Period and 8 slot sl-PSFCH-Period-Coex.
Such an approach has the following benefits:
· All PSFCH slots can be used by NR if LTE is not present
· The avoiding of PSFCH transmissions in the presence of LTE may be (optionally) applied to only some of the PSFCH resources, thereby mitigating possible impact to NR when LTE is present
· Adding additional periods such as {8} (or {5,8,10}) is a minor spec impact
While Alt 2 proponents have a strong desire to codify the “periodically repeating basic set of available resources for NR transmissions which are comprised of one or more PSFCH occasions”, the above compromise would allow the possibility of Alt2-like behavior of focusing NR PSFCH transmissions on some of the PSFCH slots when LTE is present. If no legacy NR UEs are present, the new periods of e.g. 5 or 10 could provide similar PSFCH resource usage that Alt 2 proponents would like to see, without causing Rel-18 compatibility issues to UE that do not support coexistence as the additional periods could be made available to all Rel-18 SL UEs. The compromise would also avoid the UE feature and market issues of configuring either Alt 1 or Alt 2.
Given the concerns raised on Alt 1 postposing behavior, it may also be better to assume that new postponing behavior is not defined.
With regards to RX or TX avoiding in Alt 1, while supporting both may be “safe” it may also complicate UE feature discussions if some UE supports one or not the other. 

Proposal 2:
· 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).
· An additional PSFCH period (e.g., sl-PSFCH-Period-Coex) is configured to identify PSFCH slots where Alt 1 dynamic coexistence is applied 
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS details
· Additional PSFCH period values other than {1,2,4} are introduced in Rel-18


Conclusion
Observation 1: Alt 2 prevents the use of possible PSFCH slots from NR users which will impact NR performance especially as the number of NR users increases. The slots not in the periodic set cannot be used by NR PSFCH even when LTE is not present.
Observation 2: Alt 2 does not help LTE when there are also legacy NR UEs in the same pool, a requirement of the WID.
Observation 3: Similar PSFCH resource utilization as the Alt 2 periodic set may be obtained with the introduction of additional periodicities such as 5 and/or 10 (which also divide into 20).
Observation 4: Given the large specification impacts and backward compatibility issues, new postponing behavior or the new periodic basic set operation are unlikely to be agreed.
Observation 5: Given the large concerns on the performance of Alt 2 and the majority of support for Alt 1, a compromise that mandates Alt 2 is unlikely to be agreed.
Proposal 1: Do not support (as either an agreement or working assumption) the compromise to standardize both Alt 1 and Alt 2 and pick one by configuration.
Proposal 2:
· 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).
· An additional PSFCH period (e.g., sl-PSFCH-Period-Coex) is configured to identify PSFCH slots where Alt 1 dynamic coexistence is applied 
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS details
· Additional PSFCH period values other than {1,2,4} are introduced in Rel-18
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