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Introduction
In RAN1 #116 meeting, the following agreements were made for CLI handling [1].
Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.
Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.
Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.
Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.
This contribution focus on some operational details of these schemes.
1. 
2. 
Discussion
1.1 UE-to-UE co-channel CLI handling schemes
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). Thus, Method #1, which tells the CLI level at a measuring UE in quantity, is preferred. What’s more, the WID was modified in RAN #103 to let RAN1 also consider adjacent channel CLI besides co-channel CLI. Method-1 covers both co-channel CLI and adjacent CLI in a unified manner. 
[bookmark: _Hlk157441057]Proposal 1: For inter-UE inter-subband CLI measurement, support RSSI measurement by victim UE within DL subband (Method #1).
The following agreement was achieved for further study inter-UE inter-subband CLI handling, listed in [2].
	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][bookmark: MCCQCTEMPBM_00000230]-	Alt #2: CLI-RSSI measure/report in one DL subband only
-   Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands


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.
L1/L2 based UE-to-UE CLI measurement and reporting have been studied in UE-to-UE co-channel CLI handling. Given that measurement/report in downlink subbands can reflect actual CLI strength, the existing CSI framework can be reused to meet this requirement. For inter-UE inter-subband CLI, existing CQI and SINR measurement/report can be used to reflect the channel state information, especially subband CQI feedback can capture the CLI strength in subband on the other hand. Considering there will be overlapping frequency band between victim UE and aggressor UE especially when one is SBFD-aware and the other is legacy, existing report quantity RSRP can be measured and reported through SRS configuration. 
To be more explicit, report quantity CLI-RSSI and SRS-RSRP can be newly-added in CSI report associated with its measurement resource, which can be reported in subband with existing report quantities because the CLI may be non-uniform across different subband. Another possible enhancement is reusing signaling information field, such as DCI、MAC CE, to trigger aperiodic/semi-persistent/periodic L1/L2 CLI measurement and report.
[bookmark: _Hlk162281573]Proposal 3: If L1/L2 CLI is supported, existing CSI measurement and report framework is reused as the baseline for UE-to-UE co-channel CLI measurement reporting framework.
· L1 CLI report quantity CLI-RSSI and SRS-RSRP can be newly-added in CSI report.
The L1/L2 based UE-to-UE CLI measurement will consume higher reporting overhead when being optimized for low latency, which should be considered in mechanism design. For example, CSI measurement result can be a trigger condition for gNB to trigger or for UE to automatically conduct L1/L2 measurement/report when CQI/SINR meets a given threshold. In addition, to reduce UE power consumption and reporting latency, UE can transmit L1/L2 CLI report when periodic CSI/CLI measurement results meet trigger condition.
Proposal 4: A comparison of CSI measurement result against a threshold can be a trigger condition for L1/L2 CLI measurement/report.
1.2 gNB-to-gNB co-channel CLI handling schemes 
Coordinated scheduling
[bookmark: _Hlk162278388][bookmark: _Hlk162276647]Coordinated scheduling in time and/or frequency is beneficial for gNB-to-gNB co-channel CLI handling through SBFD time and frequency configuration exchange. 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 [3] 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.
Spatial domain based schemes
For the spatial domain based schemes, Tx beam nulling from the aggressor gNB side has been proved to achieve clear UL UPT gain [2]. However, it will degrade the DL performance at the aggressor gNB, which seems unfair to those DL UEs. From this perspective, Rx beam nulling from the victim gNB side can also be considered to mitigate gNB-to-gNB co-channel CLI especially when the transmission priority of the aggressor gNB is higher than that of the victim gNB. The transmission priority can be determined by the transmission service type, UE number and data load, which can be helpful to select Tx or Rx beam nulling for CLI handling and extended to benefit coordinated scheduling in time and frequency.
Observation 1: Exchange of transmission priority information between gNBs can help scheduling coordination in time/frequency/spatial domain.
UE Tx power control 


Figure 1. Illustration of cross-link interference between gNB-gNB and UE-UE
In existing power control mechanism, separate open loop power control parameter(s) configuration for UL transmission can be applied in SBFD symbols and non-SBFD symbols, which can be also adopted to combat co-channel CLI. Figure 1 has illustrated inter-cell cross-link interference caused by different duplex mode between gNB to gNB and UE to UE. It can be seen from this figure that although boosting UE Tx power can mitigate gNB-to-gNB co-channel CLI, it will increase UE-to-UE CLI, which may have negative impact on DL UPT. Thus, a unified power control mechanism need to be considered to balance the impact on the gNB-to-gNB CLI and UE-to-UE CLI, such as configure different power boosting upper limit for the UEs with/without UE-to-UE CLI.
Observation 2: Boosting UE TX power will increase UE-to-UE CLI while mitigate gNB-to-gNB CLI. Therefore an UL power control mechanism, if enhanced for SBFD CLI handling, needs to balance the impact on both gNB-to-gNB CLI and UE-to-UE CLI.
[bookmark: _GoBack]Conclusions 
In this contribution, we discuss the enhancements for CLI handling with following proposals and observations:
For UE-to-UE CLI handling: 
Proposal 1: For inter-UE inter-subband CLI measurement, support RSSI measurement by victim UE within DL subband (Method #1).
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: If L1/L2 CLI is supported, existing CSI measurement and report framework is reused as the baseline for UE-to-UE co-channel CLI measurement reporting framework.
· L1 CLI report quantity CLI-RSSI and SRS-RSRP can be newly-added in CSI report.
Proposal 4: A comparison of CSI measurement result against a threshold can be a trigger condition for L1/L2 CLI measurement/report.
For gNB-to-gNB CLI handling: 
Proposal 5: To support coordinated scheduling between gNBs, SBFD time/frequency configuration that is exchanged over Xn/F1 have periodicity up to 160ms.
Observation 1: Exchange of transmission priority information between gNBs can help scheduling coordination in time/frequency/spatial domain.
Observation 2: Boosting UE TX power will increase UE-to-UE CLI while mitigate gNB-to-gNB CLI. Therefore an UL power control mechanism, if enhanced for SBFD CLI handling, needs to balance the impact on both gNB-to-gNB CLI and UE-to-UE CLI.
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