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Introduction
The Rel-19 Duplexing WI was approved in RAN#102 [1] with the following objectives for CLI:
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
This contribution focuses on the enhancements for CLI handling.
1. 
2. 
Discussion
1.1 CLI measurement and report
UE-to-UE CLI handling
The Rel-18 Duplexing SI reached the following conclusion [2] for inter-UE inter-subband CLI handling: 
	For inter-UE inter-subband CLI measurement, at least the following methods are studied:
-	Method#1: victim UE measures RSSI within DL subband
-	Method#2: victim UE measures RSRP of aggressor UE within UL subband
-	Method#3: victim UE measures RSSI within UL subband 
-	Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following methods are studied. Note that Alt #1 and Alt #2 are supported in existing specifications.
[bookmark: MCCQCTEMPBM_00000228]-	Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband
[bookmark: MCCQCTEMPBM_00000229]-	Alt #2: CLI-RSSI measure/report in one DL subband only
[bookmark: MCCQCTEMPBM_00000230]-	Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands


For inter-UE inter-subband CLI measurement, Methods #2 and #3 measures the CLI strength at the RBs where the interference is indeed generated, rather than the impact measure at the RBs where the interference indeed explores its affects. The issue in these two methods is that there is no way per specification to tell (especially on gNB side) the actual affect of UE-to-UE inter-subband CLI, given there is no entity that can obtain full information on how CLI is attenuated non-linearly from DL subband to UL subband and how that attenuated CLI gets further filtered on UE side (per UE implementation).
[bookmark: _Hlk157441057]Proposal 1: For inter-UE inter-subband CLI measurement, support RSSI measurement by victim UE within DL subband (Method #1).
L1/L2 based UE-to-UE CLI measurement and reporting have been studied in UE-to-UE co-channel CLI handling. However, for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the existing CSI framework such as subband CQI feedback can be used to reflect the channel state information in subband, which may have the same effect as L1 CLI measurement and report but does not require much specification effort to design a new subband L1 CLI report mechanism.
Observation 1: If victim UE measures RSSI within DL subband (Method #1), it does not seem necessary to have additional L1/L2 CLI measurement and report on top of existing CSI framework.
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, Alt #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands with more CLI-RSSI report resources   consumption. If the configuration signaling overhead is not a concern, Alt #1 is preferred since it can accurately reflect CLI level in each subband and may not require much additional specification effort.
Proposal 2: For UE-to-UE CLI-RSSI measurement/report across DL subbands, CLI-RSSI measurement resources/reports are separated per each DL subband.
gNB-to-gNB CLI handling
For enhancement of gNB-to-gNB CLI measurement, UL resource muting can be useful for accurate gNB-to-gNB CLI measurement. Between transparent UL resource muting and non-transparent UL resource muting, we think the inter-gNB CLI handling should rely on gNB behavior but ideally not cooperation from new UE behavior, because the new Rel-19 UE behavior depends on new UE capability and therefore there is no guarantee at the time of network planning/deployment for this network-side CLI handling to be fulfilled at a time on-demand. 
Proposal 3: UL resource muting for gNB-to-gNB CLI measurements, if supported in Rel-19, is transparent to UE.
1.2 UE and gNB transmission and reception timing



[bookmark: _Ref158578360]Figure 1 Illustration of UE-UE CLI and gNB-gNB CLI


[bookmark: _Ref158584810]Figure 2 Reception timing misalignment at victim UE (left) and victim gNB (right)
In general, as Figure 1 shows, gNB-gNB CLI is inter-cell by its nature, while UE-UE CLI can be either inter-cell or intra-cell. The misalignment between the arrival timing of CLI and the arrival timing of intended-for-reception signal can occur for all these CLI cases, as Figure 2 shows.  
For timing misalignment with UE-UE CLI, RAN1 already reached the following agreements in Rel-16 [3]:
	[bookmark: _Hlk156926876]Agreement 
In order to perform SRS transmission for CLI measurement,
· The TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols transmitted to the gNB.
Conclusion
For SRS-RSRP measurement, the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing.
· The constant offset is derived by UE implementation.


Proposal 4: If UE-UE CLI measurement based on sync of aggressor UE’s signal should be supported, the mechanism agreed in R16 (i.e., adjusting received SRS timing through a constant offset derived by UE implementation) is reused to handle timing misalignment in UE-UE CLI measurement.


[bookmark: _Ref158670887]Figure 3 Loss of SBFD slot time due to slot-specific CLI timing alignment
For gNB-gNB CLI timing misalignment handling, the following challenges are revealed:  
· Adjusting uplink signal’s arrival time to align with arrival time of downlink signal coming from an aggressor gNB can help to improve CLI measurement, but may not help the CLI measurement with another aggressor gNB that has different distance far from the victim gNB. Given the gNB-gNB distances can be irregular in real-world cell planning and deployment, it could be anyway impossibly guarantee for victim gNB to align arrival time of its served UL signal to all arrival timing of non-negligible CLI from surrounding gNBs, especially in a mixed-layer (e.g., HetNet) deployment.
· The mostly interested solution in Rel-18 SI phase is to configure the UE served by victim gNB with proper TA, e.g., the zero or even negative TA, so that the time of arrival (TOA) at victim gNB of UL signals from this UE aligns with the TOA at the victim gNB of DL signal from the aggressor gNB. Because a legacy UE may not support zero or negative TA, and gNB implementation normally sets up a single TOA for uplink signal across all served UEs, the above-mentioned timing alignment between TOA of UL signal and TOA of DL CLI signal of aggressor gNB can only be performed in SBFD slot (which legacy UE is not aware of), but not in a non-SBFD slot unless all legacy UEs are blocked out of the non-SBFD slot. With such slot-specific CLI timing alignment, as Figure 3 shows, 
· TOA at victim gNB of UL signal in non-SBFD slot normally aligns to DL Tx timing of victim gNB (timing of T1). This is a typical gNB implementation, and also a basic timing assumption for some PHY-layer functionality such as TA-based propagation delay compensation in Rel-17 URLLC; 
· TOA at victim gNB of UL signal in SBFD slot aligns to T2 (TOA at victim gNB of DL signal from aggressor gNB). This is the target of CLI timing alignment. 
Then the timing difference between T1 and T2, i.e., the difference of slot starting time between SBFD slot and non-SBFD slot assuming the same slot index, is equal to , where ∆ is inter-gNB synchronization error, ISD is inter-gNB distance and c is light speed. This timing difference counts for a loss of slot time in SBFD slot that is allocated before a non-SBFD slot. If it is larger than the UL CP length, at least one UL symbol becomes unreliable to carry any data REs. Given CP length is , the maximum SCS index to necessarily avoid one-symbol loss of OFDM waveform integrity is given by , as listed in Table 1.       
[bookmark: _Ref158681056]Table 1 Maximum SCS to maintain OFDM waveform integrity with CLI timing alignment
	
	∆=0
	∆=1.5us
	∆=3us

	ISD=200m
	=2, SCSmax = 60Hz
	=1, SCSmax = 30Hz
	=0, SCSmax = 15Hz

	ISD=500m
	=1, SCSmax = 30Hz
	=0, SCSmax = 15Hz
	=0, SCSmax = 15Hz


It can be seen that, with the typical ISD in UMi/UMa deployments, the CLI timing alignment in gNB-gNB CLI handling would result in at least one-symbol loss of OFDM waveform integrity in one SBFD slot for most of SCS’s. This could lead to a general performance loss on uplink, which offsets the benefit of SBFD. There were earlier studies in SI phase that add a third term, , to , where    is around 13us. This third term assumes the TOA of uplink slot time at the victim gNB is  ahead of downlink slot Tx timing of the victim gNB itself, and certainly makes the OFDM waveform integrity issue to happen much more easily. While it is normally treated as gNB implementation issue to set the gap between UL Rx timing and DL Tx timing at the victim gNB, the above analysis shows the issue to occur even when the gap (=0) is more friendly to OFDM waveform integrity maintenance.  
Observation 2: There are at least two challenges in CLI timing alignment in gNB-gNB CLI handling
· It is almost impossible for victim gNB to align arrival time of its served UL signal to all arrival timing of non-negligible CLI from surrounding aggressor gNBs.
· The CLI timing alignment in gNB-gNB CLI handling can result in at least one symbol loss of OFDM waveform integrity for most of SCS’s, leading to UL performance degradation.  
2.3	Coordinated scheduling 
As the periodicity of intended TDD DL-UL configuration exchange over Xn and F1 interfaces is extended from 10ms to 160ms in Rel-16 CLI-RIM [4] to enhance the gNB coordination in gNB-gNB CLI handling, the same should be done upon SBFD time/frequency configuration exchanged over Xn/F1. 
Proposal 5: To support coordinated scheduling between gNBs, SBFD time/frequency configuration that is exchanged over Xn/F1 have periodicity up to 160ms.
Conclusions
In this contribution, we discuss the enhancements for CLI handling with following proposals:
Proposal 1: For inter-UE inter-subband CLI measurement, support RSSI measurement by victim UE within DL subband (Method #1).
Observation 1: If victim UE measures RSSI within DL subband (Method #1), it does not seem necessary to have additional L1/L2 CLI measurement and report on top of existing CSI framework.
Proposal 2: For UE-to-UE CLI-RSSI measurement/report across DL subbands, CLI-RSSI measurement resources/reports are separated per each DL subband.
Proposal 3: UL resource muting for gNB-to-gNB CLI measurements, if supported in Rel-19, is transparent to UE.
Proposal 4: If UE-UE CLI measurement based on sync of aggressor UE’s signal should be supported, the mechanism agreed in R16 (i.e., adjusting received SRS timing through a constant offset derived by UE implementation) is reused to handle timing misalignment in UE-UE CLI measurement.
Observation 2: There are at least two challenges in CLI timing alignment in gNB-gNB CLI handling
· It is almost impossible for victim gNB to align arrival time of its served UL signal to all arrival timing of non-negligible CLI from surrounding aggressor gNBs.
· The CLI timing alignment in gNB-gNB CLI handling can result in at least one symbol loss of OFDM waveform integrity for most of SCS’s, leading to UL performance degradation.  
Proposal 5: To support coordinated scheduling between gNBs, SBFD time/frequency configuration that is exchanged over Xn/F1 have periodicity up to 160ms.
[bookmark: _GoBack]
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