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1. [bookmark: _Ref521334010]Introduction
Enhancements on CLI handling were discussed in last meeting and following agreements were achieved [1]. 
	
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 

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
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
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.

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

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 further provides the view on enhancements for CLI handling based on the agreements achieved in last meeting.
2. Discussion
1 
2 
1. 
2. 
2.1. gNB-to-gNB co-channel CLI handling schemes
gNB-to-gNB co-channel CLI measurement 
gNB-to-gNB co-channel CLI measurement can make victim gNB aware of the CLI information. The victim gNB can further manage the gNB-to-gNB co-channel CLI based on the CLI measurement results, e.g. via coordinated scheduling to avoid/mitigate gNB-to-gNB co-channel CLI. Therefore, it is proposed to support gNB-to-gNB co-channel CLI measurement as one of the enablers of gNB-to-gNB co-channel CLI handling.
Proposal 1: Support gNB-to-gNB co-channel CLI measurement.
The following potential spec impacts of gNB-to-gNB co-channel CLI and/or channel measurement were captured in [1] for further discussion.
· Non-transparent UL resource muting, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH including indication of the muting pattern, potential impact on PUSCH rate-matching and power allocation, collision handling with DMRS/PTRS
· Information exchange of channel measurement
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
For non-transparent UL resource muting, the potential spec impact was identified as below.
	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.


This method will introduce additional UE implementation complexity, signalling overhead and other specification changes. Instead, transparent UL resource muting can be applied if needed. Therefore, non-transparent UL resource muting is not preferred.
Proposal 2: Non-transparent UL resource muting is not supported.
The second and third bullets of above potential spec impacts of gNB-to-gNB co-channel CLI and/or channel measurement are for gNB-to-gNB channel measurement rather than gNB-to-gNB co-channel CLI measurement. And as agreed in last meeting, the last two bullets of above potential spec impacts of gNB-to-gNB co-channel CLI and/or channel measurement are the spec impacts of beam paring. Based on the discussion above, the spec impacts of gNB-to-gNB co-channel CLI measurement includes information exchange of CLI measurement resource configuration (NZP CSI-RS/NCD-SSB). 
Proposal 3: The potential spec impact of gNB-to-gNB co-channel CLI measurement includes information exchange of CLI measurement resource configuration (NZP CSI-RS/NCD-SSB).
Coordinated scheduling for time/frequency resources between gNBs
Coordinated scheduling for time/frequency resources between gNBs can be used to avoid/mitigate gNB-to-gNB CLI. This method can be performed via gNB scheduling. Based on the agreement in last meeting, exchange of semi-static SBFD time and frequency configuration is recommended to be specified if coordinated scheduling in time and/or frequency is supported. Thus, to enable coordinated scheduling for time/frequency resources, exchange of semi-static SBFD configuration is preferred to be supported. 
Proposal 4: Support exchange of semi-static SBFD time and frequency configuration among gNBs to enable coordinated scheduling for time/frequency resources.
Spatial domain coordination method
To address gNB-to-gNB co-channel CLI, spatial domain coordination method was proposed and studied in SI. The following agreements on this issue were achieved in last meeting. 
· 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 
· 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
Based on the agreement, beam nulling can be enabled by gNB-gNB CLI measurement. And no specific spec impact is recognized for beam nulling based method.
Observation 1: Beam nulling can be enabled by gNB-gNB CLI measurement.
For beam pairing, besides information exchange of measurement resource configuration, recommended/not-recommended DL beam information should be exchanged. As each measurement resource (e.g. SSB and/or CSI-RS) can be associated with a specific beam, the measurement resource ID can be used for recommended/not-recommended DL beam indication.
Proposal 5: Support beam pairing method and recommended/not-recommended DL beam information indication via measurement resource ID (e.g. SSB index and/or CSI-RS ID).
2.2. UE-to-UE co-channel CLI handling schemes
UE-to-UE co-channel CLI measurement and reporting
Several enhancements on UE-to-UE co-channel CLI measurement were proposed in SI, e.g. exchange of SRS configuration among neighbour gNBs to enable R16 SRS-RSRP CLI measurement, support CLI measurement with different Rx beams of victim UE, L1/L2 UE-to-UE CLI measurement and report. As exchange of SRS configuration among neighbour gNBs is in the scope of RAN3 which was not involved in SI, no conclusion was achieved on the enhancement. With respect to support CLI measurement with different Rx beams of victim UE, which may increase UE measurement complexity, the performance impact was not evaluated in RAN1, so no conclusion was achieved either.
L1/L2 UE-to-UE CLI measurement and report was extensively discussed in SI. Based on the study, the following observations were achieved:
[bookmark: MCCQCTEMPBM_00001651]-	The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
[bookmark: MCCQCTEMPBM_00001652]-	The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
[bookmark: MCCQCTEMPBM_00001653]-	The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction
Three alternatives on L1 based UE-to-UE CLI measurement and reporting were agreed in last meeting. The main difference among Alt.1~Alt.3 is whether to support new report quantities or reuse existing report quantities. As gNB can recognize strength/source of UE-to-UE CLI if new report quantities (e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes) are supported, which is essential for CLI management, new report quantities is preferred. However, it is hard to recognize CLI intereference from COI/L1-SINR which includes all kinds of interfernce. So reuse existing report quantities is not preferred.
Based on the discussion above, Alt.1 is proposed. 
Proposal 6: Support L1 UE-to-UE CLI measurement and report with Alt.1.
Coordinated scheduling for time/frequency resources between gNBs
Similar to gNB-to-gNB co-channel CLI handling, coordinated scheduling for time/frequency resources can avoid/mitigate UE-to-UE CLI via gNB scheduling, and it would not introduce UE implementation complexity. Therefore, coordinated scheduling for time/frequency resources is preferred. Based on the agreement in last meeting, exchange of semi-static SBFD time and frequency configuration is recommended to be specified if coordinated scheduling in time and/or frequency is supported. Thus, to enable coordinated scheduling for time/frequency resources, exchange of semi-static SBFD configuration is proposed to be supported.
Proposal 7: Support exchange of semi-static SBFD time and frequency configuration to enable coordinated scheduling for time/frequency resources.
Spatial domain coordination method
To avoid/mitigate CLI via spatial domain isolation, spatial domain coordination method was proposed and studied in SI. As partial of spatial freedom is utilized to avoid/mitigate UE-to-UE CLI, the DL/UL throughput performance of victim/aggressor UE will be degraded. Moreover, the enabler of spatial domain coordination method is beam level UE-to-UE CLI measurement which is not supported in the existing spec. Thus, additional UE measurement complexity and spec work will be introduced if beam level UE-to-UE CLI measurement is supported. Based on the above analysis, spatial domain coordination is not preferred.
Proposal 8: Spatial domain coordination to avoid/mitigate UE-to-UE CLI is not supported.
SBFD specific UE-to-UE CLI handling
Compared to dynamic/flexible TDD, inter-subband UE-to-UE CLI is suffered in SBFD system except for intra-subband CLI. The inter-subband UE-to-UE CLI is generated by the leakage of UL transmission on UL subband. Thus the suffered UE-to-UE CLI strength can be measured directly on DL subband. Besides, it also can be derived via measurement results of aggressor’s UL transmission on UL subband, which can be used to identify the CLI source via RSRP measurement. Following methods can be considered based on the agreement achieved in last meeting:
-	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.
For the Method#1, it can be supported with Rel-16 CLI RSSI measurement. And for the Method#2 and Mehtod#3, the following consensus was achieved in SI,  
[bookmark: _GoBack]-	The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within active DL BWP.
Similar to Method#2 and Mehtod#3, Method #4 can also use the existing CLI measurement and report framework when guard band is confined within active DL BWP.
Based on the analysis, Method#1~ Method#4 can be supported with Rel-16 CLI RSSI measurement and Re1-16 CLI RSRP measurement. 
Observation 2: RSRP/RSSI measurements within UL subband /DL subband/guard band can be supported by existing specification.
To address the issue of non-contiguous DL frequency resource, the following methods of UE-to-UE CLI-RSSI measurement/report across downlink subbands were studied in SI, where 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
Based on the study in SI, following consensus was achieved.
· Alt #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget.
· Alt #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view. 
· Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands.
Considering that Alt #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands and Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands, Alt #1 is preferred, which is already supported in existing specifications.
Observation 3: The existing specifications is sufficient for UE-UE CLI-RSSI measurement/report across downlink subbands. 
3. Conclusions 
In this contribution, we provide our views on CLI handling schemes with the following observations and proposals.
Observation 1: Beam nulling can be enabled by gNB-gNB CLI measurement.
Observation 2: RSRP/RSSI measurements within UL subband /DL subband/guard band can be supported by existing specification.
Observation 3: The existing specifications is sufficient for UE-UE CLI-RSSI measurement/report across downlink subbands. 

Proposal 1: Support gNB-to-gNB co-channel CLI measurement.
Proposal 2: Non-transparent UL resource muting is not supported.
Proposal 3: The potential spec impact of gNB-to-gNB co-channel CLI measurement includes information exchange of CLI measurement resource configuration (NZP CSI-RS/NCD-SSB).
Proposal 4: Support exchange of semi-static SBFD time and frequency configuration among gNBs to enable coordinated scheduling for time/frequency resources.
Proposal 5: Support beam pairing method and recommended/not-recommended DL beam information indication via measurement resource ID (e.g. SSB index and/or CSI-RS ID).
Proposal 6: Support L1 UE-to-UE CLI measurement and report with Alt.1.
Proposal 7: Support exchange of semi-static SBFD time and frequency configuration to enable coordinated scheduling for time/frequency resources.
Proposal 8: Spatial domain coordination to avoid/mitigate UE-to-UE CLI is not supported.
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