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RAN plenary #94e, the study item on evolution of NR duplex operation was approved [1]. The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum. In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 




Over the last couple of R18 RAN1 meetings, the discussion of the possible schemes and solutions that are common for both SBFD and dynamic/flexible TDD continued based on the agreed list in RAN1 #109e of candidates of potential enhancement method of gNB-to-gNB and UE-to-UE CLI handling. Companies further discussed and focused on a subset of the candidate schemes for study where some techniques were deprioritized while other techniques were further studied, and more agreements were made on the details of the techniques. In this contribution, we continue the discussion on solutions and conclusions that are common for both SBFD and dynamic/flexible TDD and focus on this subset of candidate schemes. We also will include the description schemes with supported by our evaluation results. Moreover, we also include TR recommendation on the sections related to inter-gNB handling schemes and inter-UE handling schemes.
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]
Inter-UE Cross-link interference mitigation techniques 
An agreement related to inter-UE CLI was made in RAN1 #109e for agenda 9.3.3 which is listed below. Based on the agreement below, RAN1 agreed on a list of candidates of potential enhancement method of UE-to-UE CLI handling where further prioritization/down-scoping of candidate schemes for study can be done in this meeting. 
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2



During R18 RAN1 meetings, companies discussed and made some progress on the highlighted solutions in above list:: potential enhancements to UE-to-UE CLI measurement/reporting, coordinated scheduling, spatial domain enhancements, UE and gNB transmission and reception timing, power control-based solution, OTA or backhaul information exchange for some particular schemes. The most important solution is potential enhancements to UE-to-UE CLI measurement/reporting especially support L1/L2 based UE-to-UE CLI measurement/reporting .
L1/L2 based potential enhancements to UE-to-UE CLI measurement/reporting
During R18 RAN1 meetings, there are discussions on L1/L2 based potential enhancements to UE-to-UE CLI measurement and reporting and following related agreements have been made throughout different RAN1 meetings:
In RAN 1 #110 meeting, companies agreed to study L1/L2 based UE-to-UE CLI measurement and reporting as below:
	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)



In the RAN1 meeting #111, further progress was made on the L1/L2 CLI 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.



In the RAN1 meeting #112, further progress with details was made on the L1/L2 CLI resource and reporting configuration.
	Agreement
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
Agreement
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  
Agreement
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, study the following measurement and report framework.
· Use existing CSI framework as the baseline.
· Others are not precluded.



In the RAN1 meeting #113, further conclusion was made on the L1/L2 CLI measurement and reporting benefits.
	Conclusion
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction
Above does not imply that L3 based measurement and reporting cannot be used for similar purposes.



Based on the discussions of R18 RAN1 meetings related to L1/L2 CLI measurement and reporting, we propose to capture the following agreement in the TR 38.838:
Proposal 1: The following conclusion is to be captured in section 8.3 of TR 38.858
RAN1 acknowledged the benefits in R18 study in terms of 
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction.
RAN1 agreed that for L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, use existing CSI framework as the baseline.
RAN1 agreed to consider 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.
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered.

L1 UE-to-UE CLI measurement resource/reporting configuration
As agreed, L1-CLI report can reuse similar framework as CSI report as a baseline. L1 report can better reflect current CLI, and request CLI for intended beam with low latency when needed, e.g., upon traffic arrival.  After receiving the report, gNB may apply CLI mitigation, e.g. via beam switch, or TDMing the two high CLI UEs
Till Rel-17, CSI report does not consider the impact of inter-UE CLI in the reported metrics. Interference measurement is mainly intra-cell cross beam interference and inter cell DL interference. As a straightforward extension of reusing existing CSI framework, RAN1 may further study how to capture the impact of inter-UE CLI in the existing CSI reportQuantity or metrics including L1-SINR and CSI feedback, e.g. CQI, PMI, RI.
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics as new CSI reportQuantity. In addition, as stated above, RAN1 shall also study the reportQuantity for CLI measurement based on existing CSI framework, e.g. implicitly capture CLI in existing CSI report metrics, so that additional information with combined CMR, IMR and IMR-CLI calculation can be provided, and also can be reflected on CQI, PMI, RI calculation. Therefore, support RAN1 to study both CLI schemes: 
1) CLI is implicitly absorbed into CSI framework by associating dedicated CLI resource as additional IMR into the CSI report. 
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Figure 2‑1 Implicitly capture CLI as an IMR in existing CSI reportQuantity

2) CLI is explicitly reported as independent CLI metrics, e.g. SRS-RSRP and CLI-RSSI in the CSI report.
[image: ]
Figure 2‑2 Explicitly capture CLI in a new CSI reportQuantity
To enhance the existing CSI measurement and report to capture the CLI impact, gNB can configure a new IMR dedicated for inter-UE CLI in a CSI-ReportConfig. For example, in addition to NZP CSI-RS, SRS can be configured as one type of NZP-IMR to capture the impact of inter-UE CLI. The reported metrics can include existing L1-SINR and CSI feedback, e.g. L1-SINR, CQI, PMI, RI, LI for proposed scheme 1 as above. The QCL assumptions for the NZP-IMR for CLI measurement can reuse those for the associated CMR, regardless the QCL for the NZP-IMR is configured or not.
Proposal 2: RAN1 considers both schemes for CLI measurement and report to be captured in TR: 
· Scheme 1: Implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metrics
· Potential spec impact: enhance existing CSI framework by adding configuration of IMR dedicated for inter-UE CLI in a CSI-ReportConfig
· Scheme 2: Explicitly capture CLI in separate new CLI reportQuantity metrics, e.g. SRS-RSRP and CLI-RSSI
· Potential spec impact: separate CLI resources and new reportQuantity configuration 
Schemes can be further discussed in WI phase.

Moreover, with the dedicated IMR for CLI for scheme 1, UE can report CSI metrics with and without considering the IMR for inter-UE CLI. Multiple hypothesises or sub-configurations can be associated a single CSI-reportConfig based on which UE can report CSI metric with and without considering the IMR for inter-UE CLI from one or multiple aggressor UL UEs. This can be supported by a same framework that RAN1 agreed by network energy saving agenda of R18, but used for a different purpose for CLI. RAN1 agreed that in NES:
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
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Figure 2‑3 Single CSI report with and without considering inter-UE CLI
Proposal 3: A single CSI report to learn the CSI metrics with and without considering inter-UE CLI for scheme 1 from at least one aggressor UL UE that associated with multiple hypothesises or sub-configurations.
Note: same framework for CSI agreed in NES agenda can be extended and used for this CLI reporting purpose.
In addition, for gNB to better determine paired UL UE for FD, multiple IMRs or resources or resource sets for CLI can be configured for multiple candidate UL UEs or multiple Tx beams of an aggressor UL UE or multiple Rx beams of a victim DL UE in a CSI-ReportConfig to measure different CLI levels from different aggressor UEs or different beams, and DL UE can report top X best CSI metrics with each considering a particular IMR for CLI and this could be in addition to CSI metric without considering any IMR for CLI.
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Figure 2‑4 Multiple candidate UL UEs in a CLI Report

Proposal 4: Multiple CLI resources can be configured for multiple candidate UL UEs or multiple beams to measure different CLI levels.
In the later session 5.3 for spatial domain enhancements, we describe the details of current CLI measurement limitations and explained why it is beneficial to support Rx QCL/TCI indicated per CLI measurement resource, which is measured at UE. By indicating TCI per CLI resource, gNB can identify the Rx beam corresponding to the reported CLI. 
Based on RAN1 112 bis-e meeting discussion, here we further address some reasoning and our view of why we support Rx QCL/TCI indicated per CLI measurement resource:
1) To further clarify some companies’ concern of the overall measurement complexity and overhead for beam-based (#Ntx*#Nrx) UE-to-UE measurement, in our view, configuration of Rx QCL-D information per CLI measurement resource does not refer to per-beam-pair based CLI measurements, instead for example, gNB can configure Rx QCL-D per each CLI resource corresponding to top X best DL beams. Based on UE CLI report, gNB can conduct CLI aware of beam management, e.g. if UE’s Rx beam #1 associated with the best DL RSRP beam suffers severe CLI, gNB can choose to switch to a second best DL beam with a low CLI level associated with UE’s Rx beam #2. 
Without Rx QCL-D configuration per CLI resource, based on current spec, UE will not switch Rx beam to measure CLI on multiple good DL beams, and UE will always stick to the latest received PDSCH and the latest monitored CORESET for CLI measurement. 
2) Some company mentioned about UE can switch its own Rx beam by UE implementation; however, this solution has its own risk and limitation. For example, for a given DL beam, UE has limited flexibility for Rx beam, and in some cases, it may have no other good UE Rx beam to switch to. By UE automatously switching Rx beam for CLI measurements or for CLI reduction, it may affect DL performance. 
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Figure 2‑5 UE Rx QCL-D Configuration per CLI Resource on top X DL beams
Therefore, our view is that UE Rx beam (QCL-D) configuration and indication per CLI measurement resource is an important and straightforward enhancement to enable CLI-aware gNB beam management for CLI mitigation, especially for L1 CLI measurement and reporting.
· For L1 P CLI resource, corresponding TCI state/QCL-D can be RRC configured.
· For L1 SP CLI resource, corresponding TCI state/QCL-D can be dynamically updated via MAC-CE (de)activating the resource or resource set/list 
· For L1 AP CLI resource, corresponding TCI state/QCL-D can be RRC configured with each resource or resource set/list associated with a trigger state, which is further dynamically indicated in the triggering DCI
· Current AP CSI triggering mechanism can be used as baseline.
Proposal 5: The following conclusion is to be captured in the TR:
UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X best DL beams) can enable UE measurements of CLI in different spatial directions other than only active beam used for DL reception. 

As on-going discussion for agenda 9.3.2 of inter-UE inter-subband CLI measurement, it makes more sense to have a general framework to support narrower frequency granularity of CLI measurement and reporting that are commonly used for both SBFD and dynamic TDD. This scheme could be used by SBFD to measure per DL or UL subband based CLI as illustrated in case (b) in below figure, and could also be used by SBFD to measure different CLI levels per different sub-subbands within each DL or UL subband as illustrated in case (c) in below figure and by dynamic TDD to measure different CLI levels per different RB sets or measurement subbands as illustrated in case (a) in below figure. 
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Figure 2‑6 Subband based CLI reporting
Due to frequency selectivity and also the transmission frequency resources close to lower or upper frequency resource of frequency band or UL subband, the CLI could be different on different narrower frequency resources per each measurement subband. Therefore, RAN1 shall study to support a general framework for subband based measurement and reporting that can be commonly used by both SBFD and dynamic TDD. PMI/CQI subband configuration in existing CSI framework can be used as a starting point for L1 based CLI subband measurement. Further enhancement can be studied. 
The subband CLI measurement could be configured by RRC parameter, e.g.  subband-CLI and indicate which subbands to be measured and reported e.g. in the report configuration. The granularity of the subband size can depend on the UE DL BWP size or depends on both UE DL BWP size and DL subband size for SBFD, e.g. granularity is larger for wider BWP or DL SB. If this subband parameter is not configured, the default can be wideband CLI measurement. 
Proposal 6: The following conclusion is to be captured in the TR:
· Narrower frequency granularity based CLI reporting can be used as a general framework commonly used by both SBFD and dynamic TDD.
· Narrower frequency granularity based CLI reporting can measure different CLI levels on different narrower frequency resources per each measurement subband to facilitate gNB frequency resource allocation. 
· PMI/CQI subband configuration in existing CSI framework can be used as a starting point.

L1 report includes CSI report and L1-CLI report, and the priority is used when PUCCH is insufficient to transmit all L1 reports overlapped in time, or when total CPU consumed by all L1 reports on same symbol exceeds UE capability. A simple way could be considering L1-CLI as a special CSI report and define corresponding CSI report priority.
Proposal 7: RAN1 considers L1-CLI report priority, CPU computation and multiplexing when reported as UCI. 
Current spec specifies timing requirements for CSI processing to guarantee that a UE has enough time to generate CSI report. Current spec defines three latency classes: low latency class (Z1), high latency class (Z2), and latency for beam-reporting (Z3). When UE is configured to report CLI, the computation delay requirement of the CLI report shall be studied to guarantee a UE has enough time to generate CLI report. Processing time may be clarified for L1-CLI, at least for separate CLI reporting. E.g. metrics similar to (Z, Z’) for CSI may be extended to L1-CLI as either fixed value in spec or up to UE capability. RAN1 to study UE CLI processing timeline and L1-CSI timeline can be used as baseline, e.g. whether to follow CSI computation delay requirement low-latency class (Z1) or latency for beam-reporting class (Z3) or a new separate latency class for CLI.
For example, AP CLI can be triggered by a DCI to perform measurement of AP CLI resources and perform aperiodic reporting on L1 based on CLI processing timeline. Support to reuse AP CSI timeline as baseline with different value for timeline of L1-CLI.
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Figure 2‑7 Example L1-CLI timeline
Proposal 8: RAN1 considers UE CLI processing timeline at least for separate CLI reporting starting with L1-CSI timeline as a baseline. 
· Given an example of AP CLI, reuse AP CSI timeline as baseline with different value for timeline of L1-CLI.
To reduce the signaling overhead, a group common (GC) DCI can be used for triggering both SRS transmission from aggressor UEs and CLI measurement/reporting (e.g., SRS-RSRP) from victim UEs. The GC-DCI consists of multiple blocks and each UE is configured with DCI position pointing to one of the blocks, which triggers the UE to transmit SRS and/or measure/report CLI. The overall procedure is illustrated in Figure 2‑8.
Proposal 9: To reduce L1 CLI DCI signalling overhead, a GC-DCI can be introduced for triggering both AP SRS transmissions and AP CLI measurement/reporting from a group of UEs.  
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[bookmark: _Ref131588240]Figure 2‑8 GC-DCI for traiggering AP SRS and AP CLI measurement and reporting

In R16, up to maxReportCLI most interfering CLI resources are reported in either periodic or event triggered report. However, for gNB SBFD, gNB may be more interested in which UE can be paired with the reporting UE with negligible CLI. For example, in the figure below, among the two measured CLI resources, UE1 only reports CLI resource #2 with least CLI caused by UE2. The CLI values can be sorted and ranked to select the least CLI caused by neighbor UE.
[image: Timeline
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Figure 2‑9 Least interfering CLI resources for CLI report
Proposal 10: In addition to most interfering CLI resources, UE can be configured to report top X least interfering CLI resources for CLI report. 
L2 UE-to-UE CLI measurement resource/reporting configuration 
In Rel-16, L3 CLI report can be event triggered. When the measured metric of any resource in the resource list becomes above or below a threshold, e.g. Entering condition: Measured metric – Hysteresis > Threshold, Leaving condition: Measured metric + Hysteresis < Threshold. For timely beam update in response to fast channel/interference variation, the L1/L2 CLI report can be configured as event triggered. This will reduce the reporting overhead and deliver timely information about short-term CLI conditions at the UE. This could be applicable to P/SP CLI resource. L2 CLI reporting can be based on SP reporting activated by a MAC-CE or triggered by an L2-event, e.g. measured interference exceeds a configured CLI threshold. Once triggered, L2 CLI report can be sent via MAC-CE on UL grant. If it triggers L1 report, the report can be sent as UCI on associated dedicated P/SP PUCCH resource. After gNB receiving the report, gNB may apply corresponding CLI mitigation mechanism, e.g. via beam switching to avoid the strong CLI beam, or UE pairing switching to avoid the strong CLI UE pair. 
Figure 2‑10 shows an example on the signaling for L2 CLI report. As compared to current L3 reporting, L2 CLI framework reduces much of the report latency and requires minimum specification impact. 
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[bookmark: _Ref111129982][bookmark: _Ref111129974]Figure 2‑10 Example L2 CLI framework
Proposal 11: Support at least L2 event triggered CLI reporting.

Coordinated Scheduling
At least for inter-CU/vendor/operator scenarios, inter-gNB coordination is beneficial to support inter-UE CLI measurement across gNBs. Inter-UE CLI measurement resource configuration per measured UE and inter-UE CLI reporting could be exchanged via OTA or backhaul signalling. OTA signalling could be useful when there is no ideal backhaul, or when backhaul signalling has longer latency.
Proposal 12: Support information exchange between gNBs for inter-UE CLI measurement and mitigation  
· UE-to-UE CLI measurement resource configuration between gNBs including time/frequency resources and beam indication for inter-UE CLI measurements between gNBs.
· UE-to-UE CLI reporting contents including CLI metric per CLI resource.
Spatial domain enhancements
An agreement related to potential spatial domain enhancements for inter-UE CLI was made in RAN1 #110 for agenda 9.3.3 which is listed below. Based on the agreement below, RAN1 agreed on details of spatial domain coordination by gNB and relevant information exchange for UE-to-UE CLI handling which will be further studied and discussed in this meeting. 
	Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2


Rel-16 CLI framework does not support signalling/configuration of Rx beam (QCL-D) for CLI measurement. There are limitations with current mechanism:
1) Specifically, Rx beam for CLI measurement is up to UE implementation as QCL-D follows one of the latest received PDSCH and the latest monitored CORESET. However, there could be multiple active DL beams for the UE, and the latest used beam for CLI measurement may not be the beam used for future scheduling, and the CLI level per beam could be different especially for FR2. 
UE can only measure the latest beam but cannot measure other beams. In order to the UE to measure other beams e.g. other top X good DL beams or other active DL beams (there could be more than one active DL beams), gNB has to switch the traffic beam of the UE to measure CLI, which may have impact for on-going traffic. In turn, gNB cannot characterize CLI for different Rx beams in order to enable CLI-aware beam management.
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Figure 2‑11 Rx QCL-D for CLI Measurement
2) For UE with two UE panels for FR2, there could be multiple active DL beams for the UE, and the latest used beam for CLI measurement may not be the beam used for future scheduling on a different UE panel, and the CLI level per beam per UE panel could be even largely different. Therefore, it is necessary to measure different Rx beams for different CLI levels on different UE beams and panels by gNB configuration. 
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Figure 2‑12 Rx QCL-D for CLI Measurement with multiple UE panels
3) Without configured Rx beam information per CLI measurement resource and reporting, there could be ambiguity for gNB to understand and make use of the CLI reporting for gNB scheduling, e.g. the CLI measurement on latest used PDSCH beam can be changed to other active DL beam in future transmission and reception, with using the current e.g. low CLI measurement result as assumption, the new good DL beam can be high CLI for future transmission and reception. There is no guarantee that UE will use same beam for Rx, it is important to have explicit RRC-configured QCL-D per each CLI resource to avoid ambiguity, and in this case, gNB has its control for CLI mitigation.
To address the limits, Rx QCL/TCI can be indicated per CLI measurement resource, which is measured at UE. By indicating TCI per CLI resource, gNB can identify the Rx beam corresponding to the reported CLI. QCL-TypeD RS can be SSB or CSI-RS. Our view is that UE Rx beam (QCL-D) configuration and indication per CLI measurement resource is an important enhancement to enable CLI-aware gNB beam management for CLI mitigation, which can apply to L1/L2/L3 CLI measurement and reporting.
· For P CLI resource for L1/L2/L3, corresponding TCI state/QCL-D can be RRC configured.
· For SP CLI resource for L1, corresponding TCI state/QCL-D can be dynamically updated via MAC-CE (de)activating the resource or resource set/list 
· For AP CLI resource for L1, corresponding TCI state/QCL-D can be RRC configured with each resource or resource set/list associated with a trigger state, which is further dynamically indicated in the triggering DCI, and current AP CSI triggering mechanism can be used as baseline.
Proposal 13: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X DL beams or active DL beams) for enabling CLI-aware gNB beam management for CLI mitigation, which can apply to L1/L2/L3 CLI measurement and reporting including P/SP/AP resource and report.
· For P CLI resource for L1/L2/L3, corresponding TCI state/QCL-D can be RRC configured.
· For SP CLI resource for L1, corresponding TCI state/QCL-D can be dynamically updated via MAC-CE (de)activating the resource or resource set/list 
· For AP CLI resource for L1, corresponding TCI state/QCL-D can be RRC configured with each resource or resource set/list associated with a trigger state, which is further dynamically indicated in the triggering DCI, and current AP CSI triggering mechanism can be used as baseline.
In R17 IAB, to mitigate self-interference between IAB-DU and IAB-MT, beam coordination is introduced between IAB-MT link and IAB-DU link. Specifically, IAB node can indicate preferred IAB-MT DL/UL beams to its parent node, while its parent can indicate restricted IAB-DU DL/UL beams to the IAB node. The R17 IAB framework can be extended to SBFD for UE to dynamically report a set of recommended beams, not preferred beams, or both, to mitigate inter-UE CLI.
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[bookmark: _Hlk111125587]Figure 2‑13 Beam coordination between IAB node and parent node in R17 IAB
Proposal 14: UE can dynamically report to the gNB a set of recommended beams, not preferred beams, or both.
· gNB configures multiple Rx (QCL-D) beams for UE to measure
· UE determines the recommended and/or not preferred beams based on measurement of inter-UE CLI using different RX beams (QCL-D)

To mitigate the inter-UE CLI, gNB can configure slot-specific UE DL/UL spatial parameters for SBFD slots than non-SBFD slot, e.g. beam or precoding codebook (e.g. codebook restriction). Similarly for potential enhancement on dynamic TDD, different UE beams can be applied to slots where two cells have same or different traffic directions.
Proposal 15: Inter-UE CLI can be mitigated by configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding codebook 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
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Inter-gNB Cross-link interference mitigation techniques 
An agreement related to inter-gNB CLI was made in RAN1 #109e for agenda 9.3.3 which is listed below. Based on the agreement below, RAN1 agreed a list of candidates of potential enhancement methods of gNB-to-gNB CLI handling where further discussion of candidate schemes can be done in this meeting. 
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2



During R18 RAN1 meetings, companies discussed and made some progress on the highlighted solutions in above list: gNB-to-gNB CLI measurement and reporting, coordinated scheduling, spatial domain enhancements, UE and gNB transmission and reception timing, power control based solution, whether or not a particular scheme requires OTA or backhaul information exchange. 
Inter-gNB CLI handling schemes with evaluation results
In RAN1 #113 meeting, it was agreed to capture the descriptions of inter-gNB CLI handing schemes with evaluation results from the different companies in the TR. Further discussion will be needed in next RAN1 meeting for observations and conclusions for each handling scheme.
Proposal 16: Recommend a modification in the TR 38.858:
TR 38.858 to split section 8.3 into 8.3 to capture general schemes for inter-gNB CLI handling solutions, and 8.4 to capture the description for inter-gNB handling schemes with evaluation results.
An e-mail discussion was carried out post RAN1 #113 to capture companies’ evaluation results on potential enhancement on dynamic TDD. The discussion was mainly focused on capturing the description of the proposed schemes, the baseline scheme used for comparing the benefits of the proposed schemes and the description of potential specification impact [6]. The general spirit was to capture all evaluation analysis done by the companies regardless of whether the scheme has specification impact or not. In addition, it was agreed to capture the schemes with possible revisions in the RAN1 meeting #114.
For inter-gNB CLI handling scheme based on frequency domain coordinated scheduling, the deployment scenario of UMa was not added into the agreement due to lack of evaluation assumption into the excel sheet. Qualcomm provided the evaluation analysis of this scheme for UMa as part of July 31st submission on Dynamic-TDD [7].
	Proposal 17: Update the following RAN1 agreement with the updates:
Inter-gNB CLI handling scheme #x: Frequency Domain Coordination Scheme
· Reference scheme for performance comparison
· Source x-1 (Qualcomm): 
· Deployment scenario #1: Indoor office (InH) with dynamic TDD assignment (FFFFF)
· Deployment scenario #2: Urban Macro (UMa) with dynamic TDD assignment of DDDSU or DSUUU
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Qualcomm): 
· The frequency resources within a carrier are split into a DL-only resource (i.e., DL subband) and UL-only resources (UL-subband) [in asynchronous/CLI slots].
· This subband split provides frequency isolation between aggressor and victim gNBs which helps mitigate inter-gNB co-channel CLI.
· Each gNB can either transmit in the downlink resource or receive in the uplink resource.
· Specification Impact of the proposed scheme
· Source x-1 (Qualcomm): 
· Information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.



For inter-gNB CLI handling scheme based on spatial domain handling, in our companion paper [5], we provided the evaluation results of transmit nulling for semi-static SBFD deployment. The agreement should be updated to additionally capture the evaluation results of this scheme in UMa deployment with semi-static SBFD. 
	Proposal 18: Update the agreement with the following updates:
Inter-gNB CLI handling scheme #x: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling
· Reference scheme for performance comparison
· Source x-1 (China Telecom, ZTE): 
· No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB
· Source x-2 (Qualcomm): 
· Dynamic TDD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurements
· Semi-static SBFD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurement. 
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (China Telecom, ZTE): 
· Tx beam nulling is performed by the aggressor gNB. 
· The victim gNB measures the channel information based on the NZP CSI-RS transmitted from the aggressor gNB to the victim gNB and then delivers the measured channel information to the aggressor gNB. 
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB so that the DL transmission beam has the least interference to the victim gNB.
· Source x-2 (Qualcomm):
· Aggressor gNB Tx nulling towards victim gNB(s) based on knowledge of the channel between the aggressor and victim gNB(s). 
· Victim gNB(s) are identified based on inter-gNB CLI measurements.
· Specification Impact of the proposed scheme
· Source x-1 (China Telecom, ZTE): 
· The information exchange between the aggressor gNB and victim gNB, including the measurement resource and the measurement results.
· Source x-2 (Qualcomm):
· Co-channel CLI/channel measurements based on information exchange between gNBs of the CLI resource configuration and CLI measurement reports. 
· Note: CLI measurement reports are needed to identify victim gNB(s) and CLI resource configuration (e.g. CSI-RS resource) is needed to estimate the channel between the aggressor and victim gNBs. 



During the email discussion, there were confusion on the definition of slots with CLI and slots without CLI. In general, for dynamic TDD, when the slots format of aggressor and victim cells have different directions, these slots are called asynchronous slots or slots with CLI. And when the slots have same directions between cells, the slots are called synchronous slots or slots without CLI. This clarification can be reflected into the agreement to avoid any confusion. 
	Proposal 19: Confirm the following working assumption with the udaptes
Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
· Reference scheme for performance comparison
· Source 5-1 (Nokia, NSB): 
· Dynamic TDD baseline operation.
· Source 5-2 (Qualcomm): 
· Dynamic TDD with same UL power control parameters for slots with CLI (async slot) and slots without CLI (sync slots).
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source 5-1 (Nokia, NSB): 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Source 5-2 (Qualcomm): 
· Different UL power control parameters for slots with CLI and slots without CLI. 
· Specification Impact of the proposed scheme
· Source 5-1 (Nokia, NSB): 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
· Other UL signals do not support such flexibility and specifications changes can be discussed
· Source 5-2 (Qualcomm): 
· Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI. 




Potential enhancements to gNB-to-gNB CLI measurement and reporting
In RAN1 113 meeting, companies agreed to capture the conclusion in the TR:
	Agreement:
In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.



Proposal 20: The following conclusion is to be captured in the TR
In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.
In addition, at gNB, refined narrow beams are typically used for traffic. However, periodic measurement of gNB narrow beams may cause large overhead/latency in case of large number of gNB narrow beams. Similar to BM in Uu link, the compatible beam pair identification can also be performed in a hierarchical way: periodic CLI measurement can first identify wide compatible beam pair(s), based on which narrow compatible beam pair(s) can be further identified via SP/AP CLI measurement.
E.g. if the central coordinator learns the Tx beam of SSB #1 of gNB #1 causes negligible CLI to the Rx beam of SSB #11 of gNB #2, it may further verify if a narrow Tx beam within the SSB #1 beam will also cause negligible CLI to a narrow Rx beam within the SSB #11 beam as illustrate figure below.
[image: ]Figure 3‑1 Hierarchical compatible inter-gNB beam pair identification via SSB and CSI-RS
gNB can inform the node managing the inter-gNB CLI measurement about the beam/QCL hierarchy info of a CC or a group of CCs managed by the gNB. The informing gNB can be gNB-DU or gNB-CU, while the node managing the inter-gNB CLI measurement can be a different gNB-CU or OAM.
The info includes the hierarchy relation of wide and narrow beams transmitted by the CC or the group of CCs. E.g. the beam/QCL hierarchy info can be indicated by TCI state per CSI-RS resource, e.g. the SSB as QCL source RS in the TCI state indicates the wide beam, which covers the narrow beam indicated by the CSI-RS to which the TCI state is applied. The use case is that if a pair of wide beam #1 and #2 of two gNBs are identified with low CLI, the managing node can further configure CLI measurement between two narrow beam, which are within the wide beam #1 and #2, respectively. The goal is to verify whether each pair of narrow beams of two gNBs also have low CLI.
Proposal 21: Support beam hierarchy information exchange for inter-gNB CLI measurement via SSB and CSI-RS.
In RAN1 113 meeting, companies agreed on the benefits for UL resource muting and agreed also that transparent UL muting via gNB scheduling or ULCI can achieve the benefits for gNB-to-gNB co-channel CLI measurement, channel measurement already. Whether there is gain of introducing non-transparent UL resource muting needs further discussion. In addition, a cell can contain legacy UEs and Rel-19/SBFD aware UEs and if there is a gain, the gain could only rely on Rel-19/SBFD aware UEs but not legacy UEs. Moreover, RAN1 needs to take into consideration of UE complexity and potential increased PAPR impact of non-contiguous UL transmissions at least for DFTsOFDM waveform due to introducing non-transparent UL resource muting.
For example, considering QPSK DFT-s-OFDM waveform with different comb-based resource muting (e.g. by puncturing the resources after the DFT spread), the PAPR could increase by couple of dB depending on muting resources.
[image: ]
Figure 3‑2 Impact of resource muting on the PAPR of QPSK DFT-s-OFDM waveform
	Agreement:
From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
· The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
· The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
· The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.
Note: Above can be done using current specification which supports transparent UL resource muting with gNB scheduling
· Note: UL resource muting could incur UL performance loss



Observation 1: Transparent UL muting via gNB scheduling or ULCI can achieve the benefits for gNB-to-gNB co-channel CLI measurement, channel measurement already. Whether there is gain of introducing non-transparent UL resource muting needs further discussion. 
· A cell can contain legacy UEs and SBFD aware UEs and if there is a gain, the gain could only rely on SBFD aware UEs but not legacy UEs. 
· RAN1 needs to take into consideration of UE complexity, and potential increased PAPR impact of non-contiguous UL transmissions of introducing non-transparent UL resource muting.

1.1 Coordinated Scheduling
In RAN1 113 meeting companies agreed to capture the conclusion in the TR: 
	Agreement:
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit



Proposal 22: The following conclusion is to be captured in the TR
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit
In RAN1 112bis-e meeting, companies discussed a proposal related to DL resource blanking/restriction. In our view, victim cell can signal neighbor cells whether DL transmission is allowed or not on a pre-determined candidate UL resource of the victim cell, e.g. a set of RRC UL symbols for victim cell to protect its high priority UL transmission. For example, the determination can be based on whether the total inter-gNB CLI measured on that UL resource exceeds a certain threshold or not, and can be indicated via OTA or BH to neighbor cells.
Proposal 23: Support coordinated scheduling on DL Tx restriction on UL resources between cells, e.g. protect its high priority at least periodic UL transmission.

As discussed in our companion paper [5], frequency domain Coordinated scheduling is helpful to enable dynamic TDD for UMa deployment scenario at medium and high loading scenario where the frequency separation between UL and DL provide enough isolation between the gNB and reduce inter-gNB CLI.
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Figure 3‑3 Freq. domain coordinated scheduling in UMa deployment with small packet (left) and large packet (right)
Proposal 24: For frequency-domain coordinated scheduling, support information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.

1.2 Spatial domain enhancements
Similar to existing beam management in FR2-1, inter-gNB beam management for inter-gNB CLI mitigation can be based on inter-gNB CLI RS measurement. Based on the measurement results, gNB (or central coordinator) should further identify compatible DL beam(s) per aggressor gNB that will cause negligible interference to used UL beam(s) of victim gNB.
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Figure 3‑4 Tx/Rx inter-gNB beam-pairs
RAN1 #111 meeting agreed that: Support to capture the agreement in the TR.

	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 spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.



Proposal 25: The following conclusion is to be captured in the TR:
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
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.
For spatial domain enhancement of gNB-to-gNB CLI handling, RAN1 agreed to study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs

Two examples have been discussed in RAN1 #111 meeting and captured in FL’s document, 
Note Example 1:
· Step 1. DL RS related configuration for victim gNB(s) and aggressor gNB(s)
· Step 2. Measurement by victim gNB(s) 
· Step 3. Resource scheduling information (i.e., PDCCH/PDSCH) which is associated with DL RS ID 
· Step 4. Victim gNB can avoid some UL resource for scheduling to the UE (strong CLI). 
Note Example 2:
· Step 1. DL RS related configuration for victim gNB(s) and aggressor gNB(s)
· Step 2. Measurement by victim gNB(s) 
· Step 3. Victim gNB reports the feedback (e.g. preferred/restricted DL beam and associated preferred/restricted time/frequency resource) to the aggressor gNB(s) 
· Step 4. Aggressor gNB can use/restrict the time/frequency resource association with DL beam 
Given the two examples in the agreement, we support to prioritize example 2 as a solution for gNB-to-gNB mitigation/management. The reasons are listed below: 
Given the two examples, either victim gNB or aggressor gNB will need to conduct the solution for gNB-to-gNB mitigation. If both examples’ solutions are adopted, we may need an additional rule to decide which solution e.g. either solution 1 with example 1 or solution 2 with example 2 will be conducted at the gNB on certain conditions, which may involve CU or OAM decision or a rule on the decision, which make have more spec impact or more complexity.  2) If victim gNB measures UL beam #1 interference from aggressor gNB’s DL beam #2, 
1) with example 1 of only exchanging DL beam indication from aggressor gNB, victim gNB shall avoid using UL beam #1 due to high CLI from aggressor gNB’s DL beam #2. However, without indication associated time and frequency resources of scheduling of DL beam #1, the only way that victim gNB can do is to always avoid using UL beam #1. Obviously, this is not a fair solution for UL reception at victim gNB and definitely will impact UL performance. If there are multiple aggressor gNBs with multiple high CLI UL beams, then multiple UL beams will be avoided and impacted. 
2) with example 1 of exchanging DL beam indication and resource scheduling information (e.g. periodic high priority DL resources) from aggressor gNB, the concern and drawback could be the overhead and also still there will be impact to UL performance and UL scheduling flexibility especially for the case of limited UL resources. 
3) in our view, example 2 is more important, because in case of DL transmission is jamming UL reception of neighbour gNB, UL reception usually could have higher priority to be protected. E.g. UL usually is configured with less resources and UL signalling could be more likely suffered from different sources of interference. Therefore, in example 2, aggressor gNB tries to use/restrict the time/frequency resource association with associated DL beam to reduce the CLI to the neighbor victim gNB’s UL reception.  Victim gNB can feedback preferred/non-preferred DL beam of aggressor gNB, which can also associate with certain high priority UL resources and/or recommend power backoff to CLI reduction. In addition, the framework of example 2 is a similar framework as specified or an extension for IAB framework. 
Proposal 26: Support RAN1 to prioritize example 2 in spatial domain coordination agreement for inter-gNB co-channel CLI management. 
1.3 Power control based solution
In RAN1 112bis-e meeting, companies agreed to study the effect on DL performance and the UL performance of DL Tx power adjustment to evaluate the feasibility of such scheme to overcome the gNB-to-gNB co-channel CLI.
Companies agreed to study the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop power control parameters with cochannel CLI and without cochannel CLI for the uplink power control of a UE.
	Agreement:
Study the effect on DL performance and the UL performance of DL Tx power adjustment to evaluate the feasibility of such scheme to overcome the gNB-to-gNB co-channel CLI.
Agreement:
Study the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop power control parameters with cochannel CLI and without cochannel CLI for the uplink power control of a UE 



In our companion contribution [5], we evaluated the impact of DL power adjustment (back-off) for InH. We observed that small power back-off (3 to 6 dB) can improve UL UPT by up to 49% with less than 11% of DL UPT impact. 
Table 3‑1 Indoor office UPT % gain over baseline for DL power control
	Load
	High 
	Medium 
	Low 

	Power back off
	3dB
	6dB
	10dB
	3dB
	6dB
	10dB
	3dB
	6dB
	10dB

	Average DL UPT CDF
	Mean
	-4.98 
	-10.99
	-20.21
	-3.78
	-7.89
	-14.30
	-2.65
	-5.87
	-10.99

	
	5%
	-7.17
	-13.77
	-27.89
	-4.46
	-9.40
	-16.64
	-6.38
	-11.43
	-18.82

	
	50%
	-4.67
	-12.16
	-23.34
	-4.35
	-7.91
	-15.46
	-2.24
	-5.09
	-11.24

	Average UL UPT CDF

	Mean
	24.11
	48.70
	82.33
	16.06
	33.45
	56.24
	2.76
	6.15
	9.81

	
	5%
	50.71
	101.46
	177.17
	19.37
	44.55
	71.80
	3.19
	7.61
	16.42

	
	50%
	26.00
	53.40
	93.13
	17.02
	32.69
	57.29
	4.35
	8.29
	11.93



Therefore, one possible power-based enhancement for inter-gNB CLI mitigation is that based on the inter-gNB CLI measurements per DL/UL beam pair, one gNB could request or recommend another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI. The power adjustment is needed for slots where inter-gNB CLI persist (e.g. SBFD slot and asynchronous slots in dynamic TDD). The final decision of DL Tx power at aggressor gNB will be up to gNB implementation, and the recommendation information could be useful for aggressor gNB to make a decision on whether and how to adjust DL Tx power.
Proposal 27: Support of gNB recommending another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI. 
· The final decision of DL Tx power at aggressor gNB will be up to gNB implementation.

One way to mitigate the inter-gNB CLI, gNB can coordinate and configure slot-specific power control parameters for SBFD slots than non-SBFD slot for slots with CLI and without CLI. Similarly for potential enhancement on flexible TDD, different power control parameters can be applied to slots where two cells have same or different traffic directions. As discussed in our companion paper [5], having different power control parameters for slots with CLI is beneficial to mitigate the impact of inter-gNB CLI and improve UL performance. However, it comes at the cost of DL throughput degradation due increased inter-UE CLI. 
Table 3‑2  Indoor office UPT % gain over baseline (Po = -60 dBm): UL power adjustment Po
	Load
	High
	Medium
	Low

	UL power adjustment Po
	-33dBm
	-33dBm
	-33dBm

	Average DL UPT CDF
	Mean
	-36.17
	-25.05
	-6.00

	
	5%
	-45.26
	-25.45
	-4.18

	
	50%
	-40.75
	-26.14
	-5.22

	Average UL UPT CDF

	Mean
	145.68
	93.40
	15.76

	
	5%
	310.56
	116.18
	27.38

	
	50%
	157.68
	99.16
	16.96



Proposal 28: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters for slots with CLI and without CLI
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.

Views on draft TR 38.858
The agreements and conclusion made over RAN1 #113 and earlier meetings are to be captured into the TR. In the section, we share our views as an example of a TP capturing these agreements and conclusions into a new added section 8.3 of the TR for inter-gNB CLI handling schemes. 
(TP on section 8.3 of TR 38.858)

--------------------------------------------------------- Start of text proposal ----------------------------------------------------------------

[bookmark: _Toc104488369][bookmark: _Toc103163478][bookmark: _Toc15219][bookmark: _Toc141084641]8.3	Inter-gNB CLI handling schemes
Editor's note: This section captures the potential inter-gNB CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD, as well as performance evaluation/analysis, observations and RAN1 specification impacts for each scheme.
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2

RAN1 deprioritized the discussion on both potential enhancement to Rel-16 RIM and 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.
8.3.1	Inter-gNB CLI scheme 1: gNB-to-gNB CLI measurement and reporting
RAN1 agreed to study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement

In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.

In the study RAN1 assumed that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement.

For gNB-to-gNB co-channel CLI measurement, RAN1 agreed the potential benefit of uplink resources muting can be further studied. 
From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
· The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
· The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
· The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.
Note: Above can be done using current specification which supports transparent UL resource muting with gNB scheduling
Note: UL resource muting could incur UL performance loss

8.3.2	Inter-gNB CLI scheme 2: Coordinated scheduling
RAN1 agreed to study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs 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, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange such as SBFD time/frequency configuration
 
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit

8.3.3	Inter-gNB CLI scheme 3: Spatial domain enhancements
RAN1 agreed to study the feasibility and potential benefits of spatial domain coordination method 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, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

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
Note: The above examples are only provided as starting point for further discussions

For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs

For spatial domain enhancement of gNB-to-gNB CLI handling,it was agreed to study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs


The agreements and conclusion made over RAN1 #113 and earlier meetings are to be captured into the TR. In the section, we share our views as an example of a TP capturing these agreements and conclusions into section 8.5 (original section 8.4 in current TR draft) of the TR of inter-UE CLI handling schemes. 
(TP on section 8.5 of TR 38.858)

--------------------------------------------------------- Start of text proposal ----------------------------------------------------------------

8.5	Inter-UE CLI handling schemes
Editor's note: This section captures the potential inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD, as well as performance evaluation/analysis, observations and RAN1 specification impacts for each scheme.
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2

RAN1 deprioritized the discussion on sensing-based mechanism (i.e. LBT) and 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.
8.5.1	Inter-UE CLI scheme 1: -	Potential enhancements to UE-to-UE CLI measurement/reporting
RAN1 acknowledged the benefits in R18 study in terms of 
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction.
RAN1 agreed that for L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, use existing CSI framework as the baseline.
RAN1 agreed to consider 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.
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered.
8.5.2	Inter-UE CLI scheme 1: -	Spatial domain enhancements
RAN1 agreed to study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2

Conclusion
In this contribution, we discussed the feasibility and potential enhancement for dynamic/flexible TDD. Below are the summary of the observations and proposals.
Observation 1: Transparent UL muting via gNB scheduling or ULCI can achieve the benefits for gNB-to-gNB co-channel CLI measurement, channel measurement already. Whether there is gain of introducing non-transparent UL resource muting needs further discussion. 
· A cell can contain legacy UEs and SBFD aware UEs and if there is a gain, the gain could only rely on SBFD aware UEs but not legacy UEs. 
· RAN1 needs to take into consideration of UE complexity, and potential increased PAPR impact of non-contiguous UL transmissions of introducing non-transparent UL resource muting.

Proposal 1: The following conclusion is to be captured in section 8.3 of TR 38.858
RAN1 acknowledged the benefits in R18 study in terms of 
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction.
RAN1 agreed that for L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, use existing CSI framework as the baseline.
RAN1 agreed to consider 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.
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered.
Proposal 2: RAN1 considers both schemes for CLI measurement and report to be captured in TR: 
· Scheme 1: Implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metrics
· Potential spec impact: enhance existing CSI framework by adding configuration of IMR dedicated for inter-UE CLI in a CSI-ReportConfig
· Scheme 2: Explicitly capture CLI in separate new CLI reportQuantity metrics, e.g. SRS-RSRP and CLI-RSSI
· Potential spec impact: separate CLI resources and new reportQuantity configuration 
Schemes can be further discussed in WI phase.
Proposal 3: A single CSI report to learn the CSI metrics with and without considering inter-UE CLI for scheme 1 from at least one aggressor UL UE that associated with multiple hypothesises or sub-configurations.
Note: same framework for CSI agreed in NES agenda can be extended and used for this CLI reporting purpose.
Proposal 4: Multiple CLI resources can be configured for multiple candidate UL UEs or multiple beams to measure different CLI levels.

Proposal 5: The following conclusion is to be captured in the TR:
UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X best DL beams) can enable UE measurements of CLI in different spatial directions other than only active beam used for DL reception. 
Proposal 6: The following conclusion is to be captured in the TR:
· Narrower frequency granularity based CLI reporting can be used as a general framework commonly used by both SBFD and dynamic TDD.
· Narrower frequency granularity based CLI reporting can measure different CLI levels on different narrower frequency resources per each measurement subband to facilitate gNB frequency resource allocation. 
· PMI/CQI subband configuration in existing CSI framework can be used as a starting point.
Proposal 7: RAN1 considers L1-CLI report priority, CPU computation and multiplexing when reported as UCI. 

Proposal 8: RAN1 considers UE CLI processing timeline at least for separate CLI reporting starting with L1-CSI timeline as a baseline. 
· Given an example of AP CLI, reuse AP CSI timeline as baseline with different value for timeline of L1-CLI.
Proposal 9: To reduce L1 CLI DCI signalling overhead, a GC-DCI can be introduced for triggering both AP SRS transmissions and AP CLI measurement/reporting from a group of UEs.  
Proposal 10: In addition to most interfering CLI resources, UE can be configured to report top X least interfering CLI resources for CLI report.
Proposal 11: Support at least L2 event triggered CLI reporting.
Proposal 12: Support information exchange between gNBs for inter-UE CLI measurement and mitigation  
· UE-to-UE CLI measurement resource configuration between gNBs including time/frequency resources and beam indication for inter-UE CLI measurements between gNBs.
· UE-to-UE CLI reporting contents including CLI metric per CLI resource.
Proposal 13: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X DL beams or active DL beams) for enabling CLI-aware gNB beam management for CLI mitigation, which can apply to L1/L2/L3 CLI measurement and reporting including P/SP/AP resource and report.
· For P CLI resource for L1/L2/L3, corresponding TCI state/QCL-D can be RRC configured.
· For SP CLI resource for L1, corresponding TCI state/QCL-D can be dynamically updated via MAC-CE (de)activating the resource or resource set/list 
· For AP CLI resource for L1, corresponding TCI state/QCL-D can be RRC configured with each resource or resource set/list associated with a trigger state, which is further dynamically indicated in the triggering DCI, and current AP CSI triggering mechanism can be used as baseline.
Proposal 14: UE can dynamically report to the gNB a set of recommended beams, not preferred beams, or both.
· gNB configures multiple Rx (QCL-D) beams for UE to measure
· UE determines the recommended and/or not preferred beams based on measurement of inter-UE CLI using different RX beams (QCL-D)
Proposal 15: Inter-UE CLI can be mitigated by configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding codebook 
· For SBFD, spatial parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, spatial parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
Proposal 16: Recommend a modification in the TR 38.858:
TR 38.858 to split section 8.3 into 8.3 to capture general schemes for inter-gNB CLI handling solutions, and 8.4 to capture the description for inter-gNB handling schemes with evaluation results.
Proposal 17: Update the following RAN1 agreement with the updates:
Inter-gNB CLI handling scheme #x: Frequency Domain Coordination Scheme
· Reference scheme for performance comparison
· Source x-1 (Qualcomm): 
· Deployment scenario #1: Indoor office (InH) with dynamic TDD assignment (FFFFF)
· Deployment scenario #2: Urban Macro (UMa) with dynamic TDD assignment of DDDSU or DSUUU
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Qualcomm): 
· The frequency resources within a carrier are split into a DL-only resource (i.e., DL subband) and UL-only resources (UL-subband) [in asynchronous/CLI slots].
· This subband split provides frequency isolation between aggressor and victim gNBs which helps mitigate inter-gNB co-channel CLI.
· Each gNB can either transmit in the downlink resource or receive in the uplink resource.
· Specification Impact of the proposed scheme
· Source x-1 (Qualcomm): 
Information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.
Proposal 18: Update the agreement with the following updates:
Inter-gNB CLI handling scheme #x: Spatial Domain Coordination Scheme for gNB Tx-Beam Nulling
· Reference scheme for performance comparison
· Source x-1 (China Telecom, ZTE): 
· No Tx beam nulling since the aggressor gNB does not know the channel information between the aggressor gNB and victim gNB
· Source x-2 (Qualcomm): 
· Dynamic TDD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurements
· Semi-static SBFD without aggressor (Tx) gNB nulling due to lack of inter-gNB channel information and lack of inter-gNB CLI measurement. 
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (China Telecom, ZTE): 
· Tx beam nulling is performed by the aggressor gNB. 
· The victim gNB measures the channel information based on the NZP CSI-RS transmitted from the aggressor gNB to the victim gNB and then delivers the measured channel information to the aggressor gNB. 
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB so that the DL transmission beam has the least interference to the victim gNB.
· Source x-2 (Qualcomm):
· Aggressor gNB Tx nulling towards victim gNB(s) based on knowledge of the channel between the aggressor and victim gNB(s). 
· Victim gNB(s) are identified based on inter-gNB CLI measurements.
· Specification Impact of the proposed scheme
· Source x-1 (China Telecom, ZTE): 
· The information exchange between the aggressor gNB and victim gNB, including the measurement resource and the measurement results.
· Source x-2 (Qualcomm):
· Co-channel CLI/channel measurements based on information exchange between gNBs of the CLI resource configuration and CLI measurement reports. 
Note: CLI measurement reports are needed to identify victim gNB(s) and CLI resource configuration (e.g. CSI-RS resource) is needed to estimate the channel between the aggressor and victim gNBs.
Proposal 19: Confirm the following working assumption with the udaptes
Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
· Reference scheme for performance comparison
· Source 5-1 (Nokia, NSB): 
· Dynamic TDD baseline operation.
· Source 5-2 (Qualcomm): 
· Dynamic TDD with same UL power control parameters for slots with CLI (async slot) and slots without CLI (sync slots).
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source 5-1 (Nokia, NSB): 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Source 5-2 (Qualcomm): 
· Different UL power control parameters for slots with CLI and slots without CLI. 
· Specification Impact of the proposed scheme
· Source 5-1 (Nokia, NSB): 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
· Other UL signals do not support such flexibility and specifications changes can be discussed
· Source 5-2 (Qualcomm): 
· Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI. 
Proposal 20: The following conclusion is to be captured in the TR
In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.
Proposal 21: Support beam hierarchy information exchange for inter-gNB CLI measurement via SSB and CSI-RS.
Proposal 22: The following conclusion is to be captured in the TR
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit
Proposal 23: Support coordinated scheduling on DL Tx restriction on UL resources between cells, e.g. protect its high priority at least periodic UL transmission.
Proposal 24: frequency-domain coordinated scheduling, support information exchange between gNBs of the locations of the frequency domain resources reserved for DL-only transmission or UL-only reception.
Proposal 25: The following conclusion is to be captured in the TR:
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
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.
For spatial domain enhancement of gNB-to-gNB CLI handling, RAN1 agreed to study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs
Proposal 26: Support RAN1 to prioritize example 2 in spatial domain coordination agreement for inter-gNB co-channel CLI management.
Proposal 27: Support of gNB recommending another gNB to have X dB power backoff on time/frequency/spatial resources to mitigate inter-gNB CLI. 
· The final decision of DL Tx power at aggressor gNB will be up to gNB implementation.
Proposal 28: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters for slots with CLI and without CLI
· For SBFD, power control parameters configured for SBFD slots can be different from those configured for HD slots
· For dynamic TDD, power control parameters configured for slots where the two cells have different traffic direction can be different from those configured for slots with aligned traffic directions in the two cells.
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