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1. [bookmark: _Ref521334010]Introduction
During RAN1#110bis e-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]:
	Conclusion
No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Conclusion
No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Conclusion
No further discussion for sensing based mechanism (i.e. LBT) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD

Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.

Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured

Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS potential enhancements

Agreement
For UE-to-UE co-channel CLI handling, study L1/L2 based UE-to-UE CLI measurement and reporting
· Note: Accounting for UE processing/reporting delay – companies to share their assumptions
· Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
· Note: Accounting for information exchange delay between gNBs (if applicable)

Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 

Conclusion 
Under AI 9.3.3, no further discussion on UE side advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD 




Based on the agreements achieved in RAN1#110bis-e, we further provide our views on CLI handling schemes which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD in this contribution.
2. Discussion
1 
2 
1. 
2. 
2.1. gNB-to-gNB CLI
1) gNB-to-gNB CLI measurement
[bookmark: _GoBack]With respect to gNB-to-gNB CLI measurement, many options were proposed [2] in last meeting. In the following section, we focus on R16 CLI-RSSI resource pattern, SSB, ZP/NZP CSI-RS and CSI-RM based solutions.   
Measurement resource
With respect to the measurement resources, similar to UE-to-UE CLI measurement, one option is reusing R16 CLI-RSSI resource pattern configured by RSSI-ResourceConfigCLI-r16 as gNB-to-gNB CLI measurement pattern. In addition, existing DL signal/reference signal, e.g. SSB,CSI-RS and CSI-IM can be considered. Analysis on above options are given in the following.
· R16 CLI-RSSI: As defined in 38.331, CLI-RSSI measurement resource is contiguous in frequency and time domain which is specified via starting RB/symbol and length. The maximum number of CLI-RSSI resources for UE is 64. On the one hand, all the REs in the configured RB are used for CLI measurement which could lead to a significant overhead; on the other hand, gNB can easily reserve the measurement resource by scheduling.
· SSB: The SSB spans four OFDM symbols in the time domain and 240 subcarriers in the frequency domain and is transmitted periodically with a period that may vary from 5 ms up to 160 ms. If SSB is used for CLI measurement, the measurement is limited on the corresponding time and frequency location. It is not hard to measure CLI on the remaining resource. In addition, the overhead  is also significant.
· CSI-RS: CSI-RS occupies a single resource element within a block corresponding to one resource block in the frequency domain and one slot in the time domain. And it can be configured for transmission in every or two RB. The frequency occupancy of CSI-RS is configured on contiguous RBs. In time domain, CSI-RS resource could be periodic, semi-persistent, or aperiodic. Except for avoiding collisions with other downlink physical channels and signals, its location in RB is flexible. 
· CSI-IM: CSI-IM occupies four  resource elements (Pattern0 (2,2) or Pattern1 (4,1)) within a block corresponding to one resource block in the frequency domain and one slot in the time domain.  The location of CSI-IM can be configured.  Except for the difference on structure in one RB, the frequency occupancy and time domain property are the same with that of CSI-RS.
Based on the discussion above, it can be observed that the CLI measurement overhead based on CSI-RS and CSI-RM is not significant , while the configured location  can be flexible.
Observation 1: With regard to overhead, CSI-RS/CSI-IM based solution has advantage over R16 CLI-RSSI resource pattern/SSB based solution. 
Observation 2:With regard to flexibility, R16 CLI-RSSI resource/ CSI-RS/CSI-IM is advantageous to SSB based solution.
Information exchange
To efficiently perform the CLI measurement, gNB should recognize the potential frequency and time domain resource which could be affected by CLI in advance. Therefore subband configuration should be exchanged among neighboring gNBs. What’s more, additional parameters are needed for CLI measurement resource determination which depend on the specific CLI measurement resource, e.g. ssb-periodicity is needed for SSB based CLI measurement, and CSI-RS configuration is needed for CSI-RS sequence based CLI measurement. Furthermore, measurement results may be exchanged among gNBs to enable coordinated scheduling. In the following, detailed analysis is given on different candidates.
· R16 CLI-RSSI: As this measurement resource is determined by gNB itself, no measurement resource configuration exchange is needed to determine the measurement resource. But the measurement resource used and the corresponding measurement result may be needed to enable coordinate scheduling.
· SSB: If SSB is used as measurement resource, the corresponding time/frequency domain resource and ssb-Periodicity can be blindly detected or be exchanged to reduce blindly detection complexity. 
· CSI-RS: If CLI measurement base on RSRP of CSI-RS sequence transmitted by neighboring gNB (CSI-RS sequence based solution), CSI-RS configuration exchange is needed. Considering the CSI-RS configuration is defined per UE, the exchange overload will be significant theoretically. But if the CLI measurement is performed on the time/frequency resource same as CSI-RS which is determined by gNB  itself (CSI-RS resource based solution), no information exchange is needed to determine the measurement resource. Even though CSI-RS configuration along with corresponding measurement result might still be needed to enable coordinate scheduling, the CSI-RS configuration determined by gNB might not be too many.
· CSI-IM: Similar to R16 CLI-RSSI resource pattern and CSI-RS resource pattern based CLI measurement, no information exchange is needed to determine the measurement resource. And CSI-IM configuration along with corresponding measurement result might be needed to enable coordinate scheduling.
Observation 3: To determine the measurement resource, information exchange overhead is significant for CSI-RS sequence based solution, while for R16 CLI-RSSI resource/SSB/CSI-RS resource pattern/CSI-IM based solution, no measurement configuration information exchange is needed.
UL resource muting 
To ensure the measurement accuracy, the CLI measurement resource should be muted and no transmission is scheduled on the muted resource. There are two alternative solutions to muted CLI measurement resource as listed in the following,
· Alternative 1: based on gNB scheduling, i.e. gNB shall not schedule uplink transmission on symbol with CLI measurement resource. No rate matching pattern indication to UE is needed, however this option will waste the REs that are not used for CLI measurement in the symbol.   
· Alternative 2: based on the rate matching, i.e gNB and UE only skip the REs used for CLI measurement for resource mapping. This option will utilize the REs that are not used for CLI measurement in the symbol with REs for CLI measurement, however rate matching pattern indication is needed for UE taking CLI measurement resource variation into account and additional UE implementation complexity is also introduced. 
In the following, detailed analysis of  the options are given.
·  R16 CLI-RSSI resource pattern/ SSB: For those options, as the measurement resource is contiguous in time domain and frequency domain, alternative 1 muting solution can be used.
· CSI-RS: As only one RE occupied in every one or two resource block for one CSI-RS, alternative 2 muting solution is preferred for both CSI-RS sequence based solution and CSI-RS resource based solution.
· CSI-IM: As four REs occupied in every resource block for one CSI-IM, alternative 2 muting solution is preferred for CSI-IM based solution.
Observation 4: From the point of UL resource muting, gNB scheduling based solution can be used for  R16 CLI-RSSI resource pattern/ SSB, while rate matching based solution should be used for CSI-RS/CSI-IM.
Applicability 
· R16 CLI-RSSI: As the measurement metric is received signal strength which is irrespective of transmitted signal itself, thus it is applicable to both co-channel CLI measurement and adjacent CLI measurement. 
· SSB: Considering PSS/SSS/PBCH should be detected/decoded on the overlapping resource with the transmission resource of PSS/SSS/PBCH and it is hard to recognized/decode on the non-overlapping resource, thus SSB based CLI measurement is applicable to co-channel CLI measurement and not applicable to adjacent CLI measurement.  
· CSI-RS: If CLI measurement bases on RSRP of CSI-RS sequence transmitted by aggressor gNB (CSI-RS sequence based solution), similar to SSB, CSI-RS sequence based solution is applicable to co-channel CLI measurement and not applicable to adjacent CLI measurement. If CLI measurement is performed on the time/frequency resource same as CSI-RS which is determined by gNB  itself (CSI-RS resource pattern based solution), e.g. ZP CSI-RS, CSI-RS resource pattern based solution is applicable to both co-channel CLI and adjacent CLI measurement.
· CSI-IM: Similar to R16 CLI-RSSI resource pattern and CSI-RS resource pattern based measurement, it is applicable to both co-channel CLI measurement and adjacent CLI measurement.
Adjacent CLI (inter sub-band CLI) is the key interference in SBFD system assuming that all cell adopt the aligned sub-band configuration. And co-channel CLI is the key interference in dynamic/flexible TDD system.  SSB and CSI-RS sequence based solution is only applicable to dynamic/flexible TDD while R16 CLI-RSSI, CSI-RS resource pattern based solution and CSI-IM are applicable to both dynamic/flexible TDD and SBFD.
Observation 5: SSB and CSI-RS sequence based solution are only applicable to dynamic/flexible TDD, while R16 CLI-RSSI, CSI-RS resource pattern based solution and CSI-IM are applicable to both dynamic/flexible TDD and SBFD.
Based on the above discussion, from the points of measurement resource overhead and flexibility, information exchange overhead and applicability, CSI-RS resource pattern/CSI-IM based solution can be considered with high priority. Even though rate matching pattern indication and UE behavior of performing rate matching are needed, CSI-RS resource pattern/CSI-IM based solution will not introduce significant UE implementation complexity because the existing UE has the capability of rate matching. Thus CSI-RS resource pattern/CSI-IM based solution are preferred to be studied with high priority.  
Proposal 1: Study CSI-RS resource pattern/CSI-IM based solution with high priority.
2) 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 2: 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
3) Spatial domain coordination
In RAN1#110-bis e-meeting, the following agreement was reached.
Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 


To enable inter-gNB beam selection/avoidance, similar to existing beam management in FR2-1, inter-gNB CLI measurement is needed. As discussed previously, CSI-RS can be utilized for this purposes. Based on the measurement result, gNB can identify compatible or preferred beam for the neighboring cell. It can also select some non-preferred beam. In the next step, the gNB will have to indicate these information to the neighboring cell.
To facilitate simultaneous operations and interference management in Rel-17 eIAB, the parent node can dynamically indicate to the child node a set of restricted beams at the IAB-DU of the child node and the child node can dynamically report to the parent node a set of recommended beams (include both IAB-MT DL beams and/or IAB-MT UL beams) via MAC-CE signalling. Similar to IAB, neighbor gNB can exchange restricted/ recommended beam direction to facilitate spatial domain coordination in duplex enhancement system. Thus study restricted/ recommended beam direction exchange among neighbor gNBs as baseline.
Proposal 3: Study restricted/recommended beam direction exchange among neighbor gNBs as baseline.
2.2. UE-to-UE CLI
1) UE-to-UE CLI measurement and report
In last meeting, L1/L2 based UE-to-UE CLI measurement and reporting was agreed to be studied for UE-to-UE co-channel CLI handling. Regarding to L1/L2 based UE-to-UE CLI measurement resource, reusing the existing channel/signal/measurement_resource(s) was agreed as baseline in last meeting. 
From view of layer 1, there are two existing measurement resource, i.e. R16 SRS-RSRP and CLI-RSSI measurement resources. If new measurement resource (e.g. existing signal) is introduced, UE needs to report 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 makes no sense to define new measurement resource unless significant gain can be achieved. 
Proposal 4: 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 studied as a starting point. Meanwhile, to reduce measurement resource and reporting resource overhead, aperiodic measurement and reporting can be considered.  
Proposal 5: For CLI reporting schemes, CSI/CQI like mechanism can be used as a starting point. 
2) 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 6: 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.
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:
Observation 1: With regard to overhead, CSI-RS/CSI-IM based solution has advantage over R16 CLI-RSSI resource pattern/SSB based solution . 
Observation 2:With regard to flexibility, R16 CLI-RSSI resource/ CSI-RS/CSI-IM is advantageous to SSB based solution.
Observation 3: To determine the measurement resource, information exchange overhead is significant for CSI-RS sequence based solution, while for R16 CLI-RSSI resource/SSB/CSI-RS resource pattern/CSI-IM based solution, no measurement configuration information exchange is needed.
Observation 4: From the point of UL resource muting, gNB scheduling based solution can be used for  R16 CLI-RSSI resource pattern/ SSB, while rate matching based solution should be used for CSI-RS/CSI-IM.
Observation 5: SSB and CSI-RS sequence based solution are only applicable to dynamic/flexible TDD, while R16 CLI-RSSI, CSI-RS resource pattern based solution and CSI-IM are applicable to both dynamic/flexible TDD and SBFD.
Proposal 1: Study CSI-RS resource pattern/CSI-IM based solution with high priority.
Proposal 2: 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 3: Study restricted/recommended beam direction exchange among neighbor gNBs as baseline.
Proposal 4: Unless significant gain can be shown, no new resource measurement resource is defined.  
Proposal 5: For CLI reporting schemes, CSI/CQI like mechanism can be used as a starting point. 
Proposal 6: 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.
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