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1. [bookmark: _Ref521334010]Introduction
During RAN1#111 meeting, potential CLI handling schemes specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD were extensively discussed and the following consensuses were reached on this topic [1]:
	Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 

Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic reporting.
· FFS：event triggered reporting
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.

Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions

Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.

Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline




Based on the agreements achieved in RAN1#111, we further provide our views on CLI handling schemes which are specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD in this contribution.
2. Discussion
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2.1. gNB-to-gNB CLI
gNB-to-gNB CLI measurement
CD-SSB/ NCD-SSB

	Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 

Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.




With respect to gNB-to-gNB CLI measurement, periodic NZP CSI-RS/SSB was agreed as the baseline in last meeting, while there was no consensus on which kind of SSB (CD-SSB or NCD-SSB) was adopted as measurement resource. In the following section, we focus on this.   
Multiple SSBs can be transmitted in one carrier in current specification as shown in Figure 1. 


Figure 1 Example of multiple SSBs in a carrier (Figure B.2-1 in TS38.300)
Those SSBs transmitted in the same carrier can have different PCIs, and only CD-SSB is associated with an RMSI. The NCD-SSB can be used for RRM measurement. With multiple CD-SSB/NCD-SSBs in BWP(s) configured for one UE, RRM measurement on those CD-SSB/NCD-SSBs can be performed. The corresponding measurement resource, including frequency resource, measurement period, measurement offset in one period, and measurement duration, can be configured in MeasObjectNR. Therefore, in term of measurement, there is not much difference between CD-SSB and NCD-SSB.
For more flexible configuration of CLI measurement, both CD-SSB and NCD-SSB shall be used. NCD-SSB can be the supplementary measurement resource in addition to CD-SSB. The configuration of CD-SSB/NCD-SSBs can be exchanged among gNBs to enable the CD-SSB/NCD-SSB based CLI measurement.

Proposal 1: Both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.

Beam level CLI measurement
To enable beam management in current specification, UE is configured with multiple NZP-CSI-RS-ResourceSet or CSI-SSB-ResourceSet. Each resource set includes one or several CSI-RS(s) or SSB(s), where each SSB or CSI-RS associates with a specific beam. The gNB transmits a set of SSBs or CSI-RSs on a set of beams, i.e. beam sweeping. UE performs measurement on the set of SSBs or CSI-RSs and reports layer-1 RSRP of the multiple SSBs or CSI-RSs.

To enable gNB-gNB beam level CLI measurement, configuration information of the SSB set or CSI-RS set (each SSB or CSI-RS in the set is associated with a specific beam) should be exchanged among neighboring gNBs. Also, beam level measurement result and corresponding measurement resources should be exchanged among gNBs to achieve beam/spatial based CLI management.

Proposal 2: Neighboring gNBs should exchange configuration information of SSB set and/or CSI-RS set (each SSB or CSI-RS in the set is associated with a specific beam) to enable beam level CLI measurement.
Proposal 3: Beam level measurement result and corresponding measurement resources should be exchanged among gNBs to achieve beam/spatial based CLI management.

UL resource muting 
To ensure measurement accuracy, UL transmission muting on gNB-gNB CLI measurement resource can be considered.
· For SSB based CLI measurement, gNB scheduling based muting method can be considered, i.e. gNB shall not schedule uplink transmission on resource which overlaps with CLI measurement resource. In this case, no rate matching indication to UE is needed.   
· As only one RE occupied in every one or two resource block for one CSI-RS, rate matching based muting method can be considered for CSI-RS based CLI measurement, i.e. gNB and UE skip the REs used for CLI measurement while performing uplink resource mapping. To enable UL rate matching at UE side, gNB-gNB CLI measurement resource should be informed to UE. 
Proposal 4: For UL transmission muting, both gNB scheduling based solution and rate matching based solution can be used.

Measurement Metric 
For co-channel intra-subband gNB-gNB CLI measurement, CLI measurement resource is overlapping with the resource of measurement reference signal from aggressor gNB. Victim gNB can derive the RSRP of  measurement reference signal based on the exchanged measurement resource from aggressor gNB. Therefore, RSRP can be considered.
For co-channel inter-subband CLI measurement as depicted in Figure 2, one candidate solution is directly performing measurement on the 2nd CLI measurement resource on UL subband. As the solution is based on measurement of SSB’s leakage, RSSI can be considered. The alternative candidate solution is performing measurement on the time and frequency resource of SSB i.e. the 1st CLI measurement resource on DL subband, and then derive the actual CLI strength on UL subband. But this method will introduce extra implementation complexity compared to the first solution.
Proposal 5: RSSI and RSRP can be considered as the gNB-gNB CLI measurement metric.
[image: ]
[bookmark: _Ref126849701]Figure 2 Inter-subband CLI measurement
Coordinated scheduling for time/frequency resources
It is expected that gNB can exchange scheduling information for time/frequency domains to mitigate inter-gNB CLI. For example, a cell can signal neighbor cells whether DL transmission is allowed on a pre-defined candidate restricted UL resource, or the restricted UL resource which DL transmission is not allowed, or the blanking information in a pre-defined DL resources so other cell can utilize the resource for UL transmission.
To enable coordinated scheduling for time/ frequency resource, measurement and information exchange are the prerequisite. As CLI measurement is addressed separately in the above section, information exchange should be studied in this CLI management scheme. Exchange parameter includes at least SBFD configuration for SBFD system and SBFD co-existing with legacy TDD. In addition, as discussed previously, DL/UL resource blanking/restriction related information should also be exchanged.
Proposal 6: For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Coordination of  TDD UL-DL configuration
Spatial domain coordination
In RAN1#111 meeting, the following agreement was reached.
	Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions



To facilitate simultaneous operations and interference management, in Rel-17 eIAB, SSB ID and CSI-RS ID are used as the RS ID for a restricted beam indication from the parent node to the IAB node. The same method can be used for spatial domain CLI coordination.
· [bookmark: _GoBack]For example 1 in the above agreement, aggressor indicates intended DL beam to victim gNB. Then the victim gNB can use the receiver beam which will not generate serious CLI on the intended DL beam, by selecting the proper beam pair. The prerequisite for beam pair selection is the availability of beam level measurement results. As the measurement resource (e.g. SSB or CSI-RS) can be associated with specific beam, the measurement resource ID can be used for DL beam indication.
· For example 2 in the above agreement, the victim gNB selects preferred/restricted DL beam via beam level CLI measurement. Then the aggressor gNB selects/avoids to use preferred/restricted DL beam to avoid CLI to victim gNB.  Similar to example 1, each measurement resource (e.g. SSB or CSI-RS) can be associated with specific beam, and the measurement resource ID can be used for DL beam indication.
Proposal 7: Each measurement resource associates with specific beam and measurement resource ID can be used for DL beam indication. 
2.2. UE-to-UE CLI
UE-to-UE CLI measurement and report
	Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic reporting.
· FFS：event triggered reporting
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.



In last meeting, periodic, semi-persistent, or aperiodic L1/L2 UE-to-UE CLI measurement/reporting was agreed. Regarding to L1/L2 based UE-to-UE CLI measurement resource, reusing the existing channel/signal/measurement resource(s) was agreed as baseline in RAN1#110bis-e meeting. 
There are two existing measurement resources, i.e. Rel-16 SRS-RSRP and CLI-RSSI measurement resources. If new measurement resource (e.g. existing signal) is introduced, UE needs to indicate the capability and gNB also needs to enable new measurement resource if the UE supports both of them. It is evident that extra UE implementation complexity and signalling exchange are introduced. Therefore, it is not preferred to define new measurement resource unless significant gain can be achieved. 
Proposal 8: Unless significant gain can be shown, no new resource measurement resource is defined.
With respect to measurement result reporting, solution similar to CSI/CQI reporting can be used as a starting point, e.g. CLI measurement results can be reported as one kind of CSI reporting quantity.  
Proposal 9: For CLI reporting schemes, CSI/CQI like mechanism can be used as a starting point. 
Coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling
For coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, DL/UL resource blanking/reservation/muting can be studied. 
For example, gNBs in the same geographic area may exchange scheduling information. Based on the assumption that gNB obtains a scheduling information of neighbor gNB, CLI avoidance mechanisms such as avoiding the time/frequency resource where victim UE experiences severe UE-to-UE CLI  can be operated. 
Proposal 10: For details of coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, DL/UL resource blanking/reservation/muting can be studied.
Power control based solution
	Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
Existing UL power control mechanism is baseline



Reducing UL transmitting power can be used to reduce UE-to-UE CLI strength. However, it will lead to reduced UL coverage. The trade-off of benefit from alleviating CLI and the loss from reduced coverage should be carefully evaluated. Moreover, increasing UL transmitting power is actually beneficial to counter gNB-to-gNB CLI. For example, if one UL transmission is an aggressor’s transmission for a DL transmission and a victim of neighbouring gNB’s aggressive DL transmission at the same time, UL performance will be further deteriorated with reducing UL transmission power. 
Proposal 11: The trade-off of UL power control should be carefully evaluated.
3. Conclusions 
In this contribution, we provide our views on CLI handling schemes which are common for both SBFD and dynamic/flexible TDD. The proposals are:
 Proposal 1: Both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.
Proposal 2: Neighboring gNBs should exchange configuration information of SSB set and/or CSI-RS set (each SSB or CSI-RS in the set associating with a specific beam) to enable beam level CLI measurement.
Proposal 3: Beam level measurement result and corresponding measurement resources should be exchanged among gNBs to achieve beam/spatial based CLI management.
Proposal 4: For UL transmission muting, both gNB scheduling based solution and rate matching based solution can be used.
Proposal 5: RSSI and RSRP can be considered as the gNB-gNB CLI measurement metric.
Proposal 6: For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Coordination of  TDD UL-DL configuration
Proposal 7: Each measurement resource associates with specific beam and measurement resource ID can be used for DL beam indication. 
Proposal 8: Unless significant gain can be shown, no new resource measurement resource is defined.
Proposal 9: For CLI reporting schemes, CSI/CQI like mechanism can be used as a starting point. 
Proposal 10: For details of coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, DL/UL resource blanking/reservation/muting can be studied.
Proposal 11: The trade-off of UL power control should be carefully evaluated.
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