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[bookmark: _Toc116995841]Introduction
The WID on NR sidelink evolution [1] includes the following objective for co-channel co-existence of NR sidelink and LTE sidelink operation in common spectrum: 

	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 



The objective on sidelink co-channel coexistence was last revised in RAN#97. The last change was the addition of the note which clarifies that dynamic co-channel coexistence should be studied and that high priority should be put on Type A devices as well as operating combination A (i.e. Mode 2 NR and Mode 4 LTE). Semi-static resource allocation operation is not precluded yet, neither is other resource allocation mode combinations as well as other device types, i.e. an NR SL Type B device which contains only an NR module (or has no interface or shared hardware to an LTE SL module). 
In this document, we discuss the potential future impact to RAN4 from the ongoing work in RAN1 on sidelink co-channel coexistence.
[bookmark: _Toc116995842]Discussion
Co-channel co-existence between two RATs can be achieved in a semi-static manner by enforcing TDM, FDM resource sharing, or it can be done using a dynamic radio resource sharing mechanism. Translated into NR-LTE sidelink co-channel coexistence that corresponds to NR and LTE being configured with a non-overlapping RP (in time) for TDM, or a non-overlapping RP (in frequency) for FDM or a fully or partially overlapping RP where a set of rules and observations of the other RATs behavior decides when the device can access the RP (for dynamic). RAN1 has concluded that TDM co-channel coexistence can be achieved with no specification changes needed (hence no RAN4 impact expected there either). RAN1 are currently focused on dynamic co-channel coexistence where RAN4 impact is also expected.
As no specification changes are allowed on the LTE SL specifications to support co-channel coexistence with NR SL, the focus is on the NR behavior to dynamically coexist with LTE SL. The ongoing challenges relevant to RAN4 are, how to support PSFCH for NR SL and how to support NR SL with higher numerologies and the challenge is how to do so without causing a severe AGC issue for the LTE SL Rx UE. If we take the example of when NR SL applies e.g. 30 kHz SCS while LTE SL only supports 15 kHz SCS, there will be 2 NR SL slots corresponding to one LTE SL subframe. Even if the start of the NR SL slots and LTE SL subframe are aligned in time, the LTE SL Rx UE will face an AGC issue caused by NR SL in the following settings: 
	The NR transmissions in the first and second slots are from different NR UEs (as depicted in Figure 1.a); 
	The NR transmission occurs only in the second slot (as depicted in Figure 1.b);
In both cases, the LTE SL Rx performs the AGC adjustment in the first symbol of an LTE SL subframe where a NR SL transmission is from one NR UE or absent and the AGC’s gain is adjusted to a lower received signal power. When the second NR UE performs its transmission in the second slot then its signal will be added to the ongoing LTE SL transmission – which increases the total received power at the LTE Rx – while the AGC’s gain determined in the first slot is still the one being applied. The consequence is that this can lead the ADC to become saturated and therefore impair the decoding of the LTE transmission at the LTE Rx. It should be noted as well that the case where the NR SL Tx UE only transmits during the first NR slot, may also result in an LTE ADC gain that is slightly too low in the second slot, compared to if the LTE SL module could retune its ADC gain for the second part of the subframe. This type of AGC impact might cause an increased quantization noise, but it is not expected to be nearly as impactful as saturation which may happen in the case where the NR SL Tx UE starts transmitting later than the first symbol of the LTE subframe. 
It should also be noted that the AGC issue may also occur when an NR SL Tx UE0 transmits PSSCH/PSCCH in the first slot, and a NR SL Tx UE1 transmits PSFCH and/or PSSCH/PSCCH in the second slot.
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[bookmark: _Ref127196931]Figure 1. Impact of NR transmissions inducing on the setting of the LTE Rx’s AGC from NR using higher SCS than 15kHz: (a) NR transmissions from different NR Tx in both NR slots overlapping with the LTE subframe; (b) NR transmission from a NR Tx in the second slot overlapping with the LTE subframe
The solutions are still to be being discussed with no consensus yet. The latest status on the discussion is a set of non-agreed proposals from RAN1#111 from the latest FL summary in R1-2207670. 
Proposal 1-5 (II) is the latest proposal on solutions for how NR may support higher numerologies while coexisting with LTE on the same channel with a dynamic co-channel coexistence framework. Here Option 1 refers to a solution where the UE may transmit in all slots that are overlapping an LTE subframe or of which may be referred to as a slot aggregation solution. Option 3 refers to a solution where the NR SL UE excludes some or all of the NR slots that overlaps an LTE subframe based on the detected presence of LTE. In some variants it does not exclude the first slot and may consist of a sub-set of the slots that overlap an LTE subframe. In both solutions it is important that the NR SL UE does not change its transmission power to avoid an AGC issue. 
	 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:
· Option 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz 
· 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.
· 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



Proposal 1-1(VII) provides the latest status on the discussion of PSFCH support for dynamic co-channel coexistence. The proposal basically considers two different alternatives; Alt. 1 where the NR UE will exclude/drop PSFCH transmission based on the detection of LTE being present in the overlapped subframe, and Alt. 2 where the UE may have a sub-set of PSFCH occasions where the NR UE can transmit PSFCH no matter of the LTE presence. The underlying assumption on Alt. 2 is that, by restricting the NR UE transmission resource set to a sub-slot of slots with PSFCH, it will be possible for NR to affect the LTE measured S-RSSI such that LTE will not include candidate resources that will overlap NR PSFCH in the transmission resource set. Further more, Alt. 2 is accompanies with a mechanism to adapt the transmission resource set based on the LTE load, in an attempt for NR to only use a preconfigured share of the overlapping resource pool.
There may be RAN4 impact no matter which of the two alternatives ends up being adapted. In Alt. 1 it is essential that the LTE presence detection mechanism is standardized and testable. In Alt. 2, there is likely a need to test the adaptation of the transmission resource set to ensure that NR UEs use the same transmission resource set at the same time. 
	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
· 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.
· Does not avoid transmission on the PSFCH resources (Alt 2), or
· 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.
· 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.
· 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.



[bookmark: _Toc127540570][bookmark: _Toc127524095]RAN4 awaits RAN1 outcome for solutions to support higher numerology and PSFCH for dynamic co-channel coexistence for LTE-NR co-channel coexistence.

Synchronization for co-channel coexistence.
It is also expected that synchronization will be impacted by the co-channel coexistence framework to be specified. It is currently the assumption, that even though LTE and NR modules have slightly different synchronization reference priority tables due to NR SL being able to synchronize to both gNB and eNB whereas LTE SL cannot synchronize to a gNB) this will be handled by implementation in the Type A device type such that slot/subframe alignment is still maintained. However, for a Type B device, this is not feasible, as it will have to follow its own priority table, and LTE SL likewise. In this case, there is a need for a Type B NR SL to have an updated priority table or UE capability to synchronize to an LTE SyncRefUE. 
[bookmark: _Toc127540571][bookmark: _Toc127524096]RAN4 awaits RAN1 outcome for solutions for synchronization between LTE and NR for co-channel coexistence. 

Semi-static co-channel coexistence.
While dynamic co-channel is the main priority of the resource sharing mechanisms, semi-static co-channel coexistence mechanisms are still on the table in the objective. RAN1 has already reached a conclusion on TDM based resource pool sharing from RAN1#110e that concludes that no further specification work is needed to support TDM.
	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



There has similarly been a discussion on FDM based semi-static co-channel coexistence. The latest status on the RAN1 discussion on FDM is captured by the non-agreed proposal from RAN1#110e. The challenge with FDM based co-channel coexistence is that it brings the same challenges as are being tackled by the dynamic co-channel coexistence mechanism, such as how to support PSFCH and higher numerologies without causing an AGC issue to LTE SL Rx UEs. The reason that it could happen, is that the filters on the LTE SL Rx UE is likely not able to completely filter out an NR resource pool separated in frequency on the same channel and hence would be subject to AGC issues if the power on the channel change due to NR SL Tx UEs. In summary, FDM based semi-static co-channel coexistence requires similar solutions as dynamic co-channel coexistence but is unlikely to bring any clear benefits over TDM based co-channel coexistence.
	Proposal 2-2 (II):
· For co-channel coexistence in Rel-18, RAN1 assumes that the FDM-based semi-static resource pool partitioning can be used based on Rel-16/17 specifications, and can be studied with the following constraints:
· NR SL resource pool is configured with only 15 kHz SCS.
· FFS other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools.
· Transmission/reception Configuration of PSFCH in resources overlapping with LTE SL subframes is not permitted.
· FFS other solutions to overcome the AGC issues caused due to PSFCH being configured in NR SL resource pools.
· FFS other constraints whether a guard band is required requirement.
· Note: The LTE and NR resource pools do not overlap in frequency with each other in the FDM-based semi-static resource pool partitioning.



[bookmark: _Toc127540572][bookmark: _Toc127524097]RAN4 awaits RAN1 conclusions on semi-static LTE and NR co-channel co-existence solutions.
In-device co-existence (IDC)
The objective on co-channel coexistence builds on top of the existing in-device coexistence (IDC) framework, and it is assumed that a Type A device will still utilize this framework. The IDC framework provides a mechanism to resolve RX and TX event conflicts in a single device. It has been raised by some companies in RAN1 that enhancements are needed for the IDC framework but has not been discussed yet. It is our view that no enhancements are needed for the IDC framework to support Type A devices.
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[bookmark: _Toc116995848]Conclusion
In the document, the following proposals were made:
Proposal 1: RAN4 awaits RAN1 outcome for solutions to support higher numerology and PSFCH for dynamic co-channel coexistence for LTE-NR co-channel coexistence.
Proposal 2: RAN4 awaits RAN1 outcome for solutions for synchronization between LTE and NR for co-channel coexistence.
Proposal 3: RAN4 awaits RAN1 conclusions on semi-static LTE and NR co-channel co-existence solutions.
Proposal 4: RAN4 awaits RAN1 on potential IDC enhancements. No enhancements for the IDC framework from Rel-16 seems to be needed to support Type A devices for LTE and NR co-channel coexistence.
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