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Introduction
In RAN1 #116bis meeting, the following agreements were made for CLI handling [1].
Agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB CLI handling and UE-to-UE CLI handling schemes
· Note: Support of UL Tx power control  enhancements can be discussed in AI 9.3.1 and 9.3.2 (for PRACH only).
Agreement
If coordinated scheduling in time and/or frequency is supported for gNB-to-gNB CLI handling and UE-to-UE CLI handling, the following is recommended to be specified
· Information exchange of semi-static cell-specific SBFD time and frequency location configuration
Agreement
If non-transparent UL resource muting is supported for interference covariance matrix measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
-	Definition and indication of UL resource muting pattern
-	Collision with DMRS/PTRS
-	PUSCH resource mapping, i.e., rate-matching around the muted REs
-	UCI resource determination
-	Power allocation in symbols with muted REs considering potential impact to phase continuity 
-	TB size determination
Note: The existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, are the candidates for the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.
Agreement
If non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
· Exchange of information across gNBs on measurement resources 
Note: The existing reference signal time-frequency resource pattern, e.g., CSI-RS, are used to determine the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.
Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 
[bookmark: _Hlk164938388]Agreement
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration
Agreement
Consider the following alternatives for down selection in RAN1#117.
Alt.1:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CLI measurement accuracy requirement [RAN4]
Alt.2: 
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
Alt.3:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· CLI measurement accuracy requirement [RAN4]
Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.
Conclusion
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.

This contribution focuses on further operational details in these CLI schemes.
1. 
2. 
Discussion
1.1 Adjacent-channel CLI handling
Compared with co-channel case, the CLI between adjacent channels, which always refers to the leakage interference, can only be measured from the carrier where the interference indeed explores its affects instead of where the interference is indeed generated. Thus, the measurement based on sequence signature of reference signal, such as CSI-RS and SRS, cannot be applied in this case. To deal with adjacent-channel CLI, coordinated scheduling of time-frequency resource between the interference-prone UEs or gNBs is still effective through information exchange. In addition, power control and Rx beam nulling can be useful to handle the adjacent-channel CLI.
Observation 1: CLI measurement based on RS sequence signature is not applicable to adjacent-channel CLI handling. The following CLI schemes and functional components that are currently discussed in AI9.3.3 for co-channel CLI do not require CLI measurement using RS sequence signature: 
· Inter-UE CLI-RSSI measurement within DL subband (for inter-UE CLI)
· Inter-gNB CLI measurement using transparent UL resource muting (for inter-gNB CLI)
· Coordinated scheduling of time-frequency resource (for both inter-UE CLI and inter-gNB CLI) 
· Beam nulling (for inter-gNB CLI)
1.2 UE-to-UE co-channel CLI handling schemes
RAN1 #116 reached the following agreement for CLI measurement at UE:
	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.


[bookmark: _Hlk165020082]Methods #2 and #3 measure 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 in RAN1 #116 agreement).
The Rel-18 Duplex SI concluded the following [2] for inter-UE inter-subband CLI handling.
	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 based UE-to-UE CLI measurement and reporting have been studied in UE-to-UE co-channel CLI handling. Given that CLI measurement targets to both reflecting the actual impact of interference and identifying aggressor UE in some specific scenarios, the Alt#3 in RAN1 #116bis agreement can be used to meet this requirement with moderate specification impacts.
The existing CSI measurement/report can be reused in downlink subbands to reflect actual CLI strength. 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. Given there will be overlapping frequency band between victim UE and aggressor UE, especially when one UE is SBFD-aware UE and the other is legacy UE, existing report quantity RSRP can be measured and reported through SRS configuration. 
[bookmark: _Hlk165024734]To be more specific, report quantity CLI-RSSI and SRS-RSRP can be newly-added in CSI report, which can be reported in subband with existing report quantities because the CLI may be non-uniform across different subband. CSI-IM resource with zero-power CSI-RS transmission in existing CSI framework can be reused for CLI-RSSI measurement, since CLI-RSSI cannot play a role in identifying aggressor UE and is measured in downlink subbands. Thus, only the measurement resource associated with SRS-RSRP needs to be newly-defined. Another possible enhancement is to define new trigger state in existing signaling information field, such as DCI、MAC CE, to trigger aperiodic/semi-persistent L1 CLI measurement and report.
Proposal 3: If L1 CLI is supported, support Alt#3 in RAN1 #116bis agreement.
· L1 CLI report quantities of CLI-RSSI and/or SRS-RSRP can be newly-added in CSI report.
· Reuse existing CSI-IM resource for CLI-RSSI measurement.
· Define new trigger state in existing signaling information field.
The L1 based UE-to-UE CLI measurement consumes larger reporting overhead when being optimized for low latency, which should be considered in mechanism design. Different from CSI framework where the periodic reporting of CQI and PMI can benefit subsequent transmission, the specific value of measured CLI seems meaningless compared with an indication of the comparison against a given threshold. Report this indication and associated RS index when CLI value meet a threshold can be truly helpful for following scheduling with little overhead. Further, UE can only transmit CLI report when periodic CLI measurement meets this threshold so that  the UE power consumption is reduced.  For UCI omission rule and priority rule, a given threshold also can be useful. For example, a priority of reporting CLI above the threshold is higher than that of a CSI/CLI under the threshold. 
In addition, DL channel quality also can be a trigger condition for UE to conduct SR based L1 measurement and report when CQI/SINR and/or decoding error rate meet given thresholds. 
Proposal 4: A given threshold of CSI/CLI measurement result can be provided for L1 CLI report to reduce signaling overhead and power consumption.
1.3 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 has 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]. For gNB-gNB channel measurement-based Tx beam nulling, there are two possible alternatives:
· Alt#1: gNB A (victim gNB) performs measurement on the RS transmitted from gNB B (aggressor gNB)  and feedback the channel information to gNB B.
· Alt#2: gNB B (aggressor gNB)  performs measurement on the RS transmitted from gNB A (victim gNB).
Alt#1 requires additional feedback overhead while Alt#2 may not be always applicable due to uncertain channel reciprocity over different subbands. From this perspective, Rx beam nulling from the victim gNB side can also be considered to mitigate gNB-to-gNB co-channel CLI with no need of measurement result feedback. Because Tx beam nulling may degrade the DL performance at the aggressor gNB, which can be unfair to the served DL UEs, Rx beam nulling seems more useful especially when the transmission priority of the aggressor gNB is higher than that of the victim gNB. Thus, Tx and Rx beam nulling are all effective in individual scenarios. 
To perform fair scheduling by selecting Tx or Rx beam nulling, CLI mitigation request and response is needed as a way for those UE with unfairly affected DL performance to strive for a better performance. For example, victim gNB can send CLI mitigation request to ask aggressor gNB  for Tx beam nulling; the aggressor gNB can send a response to either reject or accept the request; and victim gNB can perform Rx beam nulling if aggressor gNB ignores or rejects its request.
Proposal 6: Both Tx-beam nulling and Rx-beam nulling are considered in spatial-domain based CLI handling schemes.
· CLI mitigation request-and-response handshake signaling helps both to work jointly and efficiently.
UL resource muting
For enhancement of gNB-to-gNB co-channel CLI measurement, UL resource muting can be useful for accurate gNB-to-gNB CLI measurement. And for the implementation, transparent UL resource muting method is preferred since it is just a gNB implementation and should not rely on cooperation from new UE behavior which depends on UE capability; otherwise there is no guarantee at the time of network planning/deployment that this network-side function can be fulfilled at a time on-demand.
Proposal 7: Support transparent UL resource muting for inter-gNB CLI measurement.
[bookmark: _GoBack]Conclusions 
In this contribution, we discuss the enhancements for CLI handling with following proposals and observations:
For adjacent-channel CLI handling: 
Observation 1: CLI measurement based on RS sequence signature is not applicable to adjacent-channel CLI handling. The following CLI schemes and functional components that are currently discussed in AI9.3.3 for co-channel CLI do not require CLI measurement using RS sequence signature: 
· Inter-UE CLI-RSSI measurement within DL subband (for inter-UE CLI)
· Inter-gNB CLI measurement using transparent UL resource muting (for inter-gNB CLI)
· Coordinated scheduling of time-frequency resource (for both inter-UE CLI and inter-gNB CLI) 
· Beam nulling (for inter-gNB CLI)

For UE-to-UE co-channel CLI handling: 
Proposal 1: For inter-UE inter-subband CLI measurement, support RSSI measurement by victim UE within DL subband (Method #1 in RAN1 #116 agreement).
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 CLI is supported, support Alt#3 in RAN1 #116bis agreement.
· L1 CLI report quantities of CLI-RSSI and/or SRS-RSRP can be newly-added in CSI report.
· Reuse existing CSI-IM resource for CLI-RSSI measurement.
· Define new trigger state in existing signaling information field.
Proposal 4: A given threshold of CSI/CLI measurement result can be provided for L1 CLI report to reduce signaling overhead and power consumption.

For gNB-to-gNB co-channel CLI handling: 
Proposal 5: To support coordinated scheduling between gNBs, SBFD time/frequency configuration that is exchanged over Xn/F1 has periodicity up to 160ms.
Proposal 6: Both Tx-beam nulling and Rx-beam nulling are considered in spatial-domain based CLI handling schemes.
· CLI mitigation request-and-response handshake signaling helps both to work jointly and efficiently.
Proposal 7: Support transparent UL resource muting for inter-gNB CLI measurement.
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