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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 depriortized 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 that are common for both SBFD and dynamic/flexible TDD and focus on this subset of candidate 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



In general, we support to study of potential enhancement to dynamic/flexible TDD and/or SBFD of candidates of potential enhancement method of UE-to-UE CLI handling: 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. In RAN1 #110bis-e, companies agree that no further discussion for potential enhancement for sensing based mechanism and UE side advanced receiver for UE-to-UE co-channel CLI handling. Benefits per other candidate of potential enhancement will be addressed in following sections separately. 
L1/L2 based potential enhancements to UE-to-UE CLI measurement/reporting

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.


Rel-16 CLI framework is based on layer 3 reporting which inherently has limited flexibility and large latency. L3 reporting is carried out on PUSCH channel and is collected by gNB-CU first then communicated to the gNB-DU. This will introduce some latency on the CLI report availability to the gNB-DU. However, L1 or L2 based CLI reporting doesn’t suffer from such increased latency.  In addition, L3 reporting is based on periodic CLI measurement resources with L3 filtering. This is not suitable for enabling fast beam selection in response to interference variation as compared to L1 based beam selection. Furthermore, RRC reconfiguration is needed to update the configuration of the CLI measurement resource which is typically in order of tens of millisecond. 
Compared with Rel-16 CLI reporting which has limited flexibility and slow adaptability, L1/L2 report can be obtained by gNB-DU with much lower latency, and hence can better reflect current CLI. In addition, L1 report can be sent on-demand to facilitate fast CLI mitigation.
If considering L3 CLI reporting delay, which will include report waiting delay, the delay of UE sending L3 CLI report to CU (e.g. 15ms), and CU sending the report to DU (e.g. 5-10ms). For report waiting delay, based on current L3 configuration, the ReportInterval for both cli-Periodical and cli-EventTriggered is defined in spec in the range of [120ms, 30min]. The minimum mean report waiting delay will be at least 60 ms for filtered results. Adding on top of it, the delay of UE sending L3 CLI report to CU (e.g. 15ms), and CU sending the report to DU (e.g. 5ms), which results in the total delay no less than 80ms. Therefore, L3 CLI timeline is too long, which will not work for gNB to dynamically adjust UE scheduling for inter-UE CLI mitigation or avoidance, especially for latency stringent traffic, e.g. URLLC traffic with latency requirement of 1ms or 2ms, or e.g. XR traffic with latency requirement of 10ms. 
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Figure 2‑1 Example L3-CLI timeline

However, if L1 CLI based UE-to-UE CLI reporting is supported, as illustrated above L1-CLI timeline, L1-CLI UE computation delay could be assumed e.g. similar value to beam-reporting class (Z3) value or low-latency class (Z1) value. Given an example of FR2 120kHz SCS, Z3=min(97, X3+KB2), X3 is according to UE reported capability beamReportTiming which could be e.g. 2 slots and KB2 is according to UE reported capability beamSwitchTiming which could be another e.g. 2 slots. Therefore, L1 CLI UE computation/report delay for 120kHz SCS could be 4 slots, which is 0.5ms. For low-latency class (Z1), FR2 120kHz SCS, Z1=97 symbols, which is 0.87 ms. Given another example for FR1 30KHz SCS, Z3(beam-reporting class) = Z1(low-latency class) = 33 symbols, which is 1.18 ms. Hence, the L1 CLI reporting delay for both FR1 and FR2 is much less than L3 CLI reporting delay. 
Therefore, with L1 CLI based UE-to-UE CLI reporting, it allows gNB to capture short term CLI between UEs and enable gNB to dynamically adjust UE scheduling for inter-UE CLI reduction, even for latency stringent traffic. Therefore, it is reasonable and useful to support L1 based CLI measurement and reporting to reduce latency and facilitate gNB adjusting UE scheduling for inter-UE CLI reduction. 
Observation 1: L1/L2 based UE-to-UE CLI measurement and reporting can reduce latency and facilitate gNB adjusting UE scheduling for inter-UE CLI reduction, even for latency stringent traffic compared to Rel-16 L3 based framework.

L1 UE-to-UE CLI measurement resource/reporting configuration
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.


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 2‑2 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.
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Figure 2‑3 Explicitly capture CLI in a new CSI reportQuantity
Proposal 1: RAN1 to further study both schemes for CLI measurement and report: 
· Scheme 1: Implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metrics
· Study how to configure corresponding CLI resources and reporting use existing CSI framework as baseline
· Scheme 2: Explicitly capture CLI in separate new CLI reportQuantity metrics, e.g. SRS-RSRP and CLI-RSSI
· Study how to configure corresponding CLI resources and reporting use existing CSI framework as baseline
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: Enhance existing CSI framework by adding configuration of IMR dedicated for inter-UE CLI in a CSI-ReportConfig for scheme 1 of implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metric.
Moreover, with this 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. 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 2‑4 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 in a CSI-ReportConfig to measure different CLI levels from different aggressor UEs, 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 2‑5 Multiple candidate UL UEs in a CLI Report

Proposal 4: Multiple CLI resources can be configured for multiple candidate UL UEs to measure different CLI levels from different aggressor UEs.
Measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 are only periodic resources. To support L1/L2 UE-to-UE CLI measurement with periodic, semi-persistent, or aperiodic measurement resources, RAN1 shall study the enhancement to support at least semi-persistent, or aperiodic measurement resource and reporting under existing CSI framework as baseline in addition to periodic resource and reporting.
Proposal 5: RAN1 to further study enhancement to support at least semi-persistent, or aperiodic measurement resource and reporting in addition to periodic resource and reporting.
To support L1 aperiodic inter-UE CLI measurement and reporting, RAN1 shall study aperiodic triggering mechanism, e.g. the triggering DCI and associated qcl_info configuration. CSI aperiodic trigger state can be used as baseline.
Proposal 6: RAN1 to further study L1 CLI aperiodic triggering mechanism including associated qcl_info for CLIs.
To support L1 semi-persistent CLI measurement and reporting, RAN1 shall study how to enable semi-persistent CLI report. SP CLI report can be on either PUSCH or PUCCH. 
1) For example, SP CLI report on PUSCH can be activated by DCI. SP CLI request new field can be added to the activation DCI. The SP CLI request field activates 1 SP CLI trigger state, linked to a CLI/CSI-ReportConfig specifying corresponding SP CLI/CSI resource and report config.
2) SP CLI report on PUCCH can be activated by MAC-CE. The activation MAC-CE can (de)activate a set of CLI/CSI-ReportConfig IDs applicable to SP reporting, which take effect after 3 ms from the end of ACK to the MAC-CE
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Figure 2‑6 SP CLI Report
Proposal 7: RAN1 to further study L1 semi-persistent CLI activation and reporting mechanism.
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 2‑7 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 8: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X best DL beams) for enabling CLI-aware gNB beam management for CLI mitigation, for L1 CLI measurement and reporting including P/SP/AP resource and report.
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 2‑8 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. 
Proposal 9: RAN1 to further study L1 subband based or narrower frequency granularity based CLI reporting as a general framework 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.
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 10: RAN1 to further study L1 subband based CLI/CSI reporting configuration.
To save report overhead, UE can report differential CLI metric values measured on different subbands. For example, the Rx UE can report the absolute CLI metric value for the strongest / worst resource subband, and then report differential CLI metric delta values on all other different subbands.
Proposal 11: RAN1 to further study L1 differential subband based CLI/CSI reporting to save overhead.
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 12: RAN1 to study 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 2‑9 Example L1-CLI timeline
Proposal 13: RAN1 to study 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 2‑10.
Proposal 14: To reduce L1 CLI DCI signalling overhead, a GC-DCI is introduced for triggering both AP SRS transmissions and AP CLI measurement/reporting from a group of UEs.  
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[bookmark: _Ref131588240]Figure 2‑10 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.
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Figure 2‑11 Least interfering CLI resources for CLI report
Proposal 15: 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 2‑12 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 2‑12 Example L2 CLI framework
Proposal 16: 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 17: Support to study 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
Signaling of inter-UE CLI measurement report between gNBs can include additional assistant information, such as aggressor UE ID/CLI resource ID, corresponding UE’s future data/control scheduling information (to help gNB make UE scheduling decision to avoid high inter-cell CLI), suggested UE power backoff value, beam ID, measured or applied on certain time/frequency resources. Signalling is via BH or OTA signalling if across different gNBs.
Proposal 18: Signaling of inter-UE CLI measurement report between gNBs can include additional assistant information, such as aggressor UE ID/CLI resource ID, corresponding UE’s future data/control scheduling information, suggested UE power backoff value, beam ID, measured or applied on certain time/frequency resources.
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 2‑13 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 2‑14 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 19: 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 2‑15 Beam coordination between IAB node and parent node in R17 IAB
Proposal 20: 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 21: 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.

UE and gNB transmission and reception timing
In RAN1 112bis-e meeting, companies agreed to study impact on system performance because of CLI measurement inaccuracy at victim UE due to misalignment between DL reception timing at victim UE of DL channel/signal transmitted from serving gNB and DL reception timing at victim UE of CLI measurement resource transmitted from aggressor UE(s).
	Agreement:
For UE-to-UE co-channel CLI measurement, study the impact on system performance because of CLI measurement inaccuracy at victim UE due to misalignment between DL reception timing at victim UE of DL channel/signal transmitted from serving gNB and DL reception timing at victim UE of CLI measurement resource transmitted from aggressor UE(s). 


In R17 IAB, different timing modes (Case 6 & 7) are introduced for timing coordination between IAB-MT link and IAB-DU link to support simultaneous operation, e.g. Rx+Rx, Tx+Tx, Rx+Tx. Moreover, IAB node can feed back to its parent node that a particular timing mode is required, e.g. Case 6 timing mode. 
Similar to the preferred timing mode feedback in R17 IAB, UE in SBFD or flexible TDD may indicate the preferred neighbor UE TA adjustment or report the Rx timing of neighbor UE. This is to align the Rx timing from gNB and from neighbor UE for inter-UE CLI mitigation, as illustrated in the figure below.

[image: ]
Figure 2‑16 UE indicates preferred neighbor UE TA adjustment to mitigate inter-UE CLI
Another use case for UE to indicate preferred neighbor UE TA adjustment is described below. In Rel-16, when the UE measures SRS-RSRP and CLI-RSSI, a constant offset relative to the downlink reference timing in the serving cell shall be applied. The constant offset value is derived by UE implementation and shall be at least Tc*NTA_offset. The assumption of the time alignment of the CLI measurement depends on the assumption that the aggressor and victim UEs have similar UL timing (e.g TA) due to proximity. However, the two UEs could be served by different gNB and have different TA (e.g. HetNet deployment where two indoor UEs one severed by Macro cell and other is served by the indoor TRP). It is beneficial for the victim UE to indicate to the gNB a recommended timing adjustment of aggressor UE. 
Proposal 22: The CLI measurement UE can recommend TA adjustment for aggressor UE corresponding to a particular CLI resource transmission. 
Alternatively, the CLI measurement UE can report Rx timing difference between UE DL arrival timing and CLI RS arrival timing to help align the timing at the DL UE for inter-UE CLI reduction.
Proposal 23: The CLI measurement UE can report Rx timing difference between UE DL arrival timing and CLI RS arrival timing to help align the timing at the DL UE for inter-UE CLI measurement and CLI reduction.
To mitigate the inter-UE CLI, gNB can configure slot-specific TA for SBFD slots than non-SBFD slot. Similarly for potential enhancement on flexible TDD, different TAs can be applied to slots where two cells have same or different traffic directions.
Proposal 24: Inter-UE CLI can be mitigated by configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA 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.

Power control based solution
Agreement:
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline
In R17 IAB, to mitigate self interference from IAB-MT to IAB-DU, IAB node can feed back the desired IAB-MT PSD range to its parent node. Furthermore, to handle self interference from IAB-DU to IAB-MT or CLI from neighbor UE/MT, IAB node can feed back the desired parent node DL Tx power adjustment to its parent node. 
Similar coordination schemes can be extended to gNB FD for inter-UE CLI mitigation. For example, UE can indicate to gNB the desired UL power backoff for a neighbor UL UE to mitigate corresponding CLI. Alternatively, UE can also indicate the desired DL power boost to cope with the CLI cause by a neighbor UL UE. In both cases, the neighbor UL UE can be identified by the corresponding CLI measurement resource.
Proposal 25: CLI measurement UE can recommend UL power backoff for neighbor UL UE corresponding to a particular CLI resource.
Proposal 26: CLI measurement UE can recommend DL power boost to cope with the CLI from neighbor UL UE corresponding to a particular CLI resource.
gNB may indicate UL power limit for certain interfering UE to ensure caused CLI is always under limit e.g. for UEs not affecting the UL coverage. The power limit can be in terms of PSD, power backoff, max absolute power, and applied in resources for gNB SBFD symbols/slots.
Proposal 27: gNB may indicate UL power limit for certain interfering UE to ensure caused CLI is always under limit.
In addition, if R16 inter-UE CLI framework is reused in SBFD or flexible TDD, DL UE may report gNB when high inter-UE CLI is detected. Based on the report, gNB may take action to mitigate CLI, e.g. reduce UL Tx power, increase guard band, or terminate FD. However, the action may experience certain latency from the time when the high inter-UE CLI is detected.
To reduce CLI mitigation latency, UL UE can autonomously adjust Tx power to limit CLI, e.g. based on pathloss measurement via the pathloss RS transmitted from the DL UE. Through the pathloss measurement, UL UE can determine max Tx power to limit caused CLI to be below a threshold. The pathloss RS from DL UE can be SRS transmitted periodically and the Tx power of SRS may have to be fixed and known to the UL UE. 
[image: ]
Figure 2‑17 CLI Aware UE autonomous UL power control
Proposal 28: Investigate UL UE autonomously adjust Tx power to limit inter-UE CLI caused to DL UE based on inter-UE pathloss measurement.
[bookmark: _Hlk111128715]To mitigate the inter-UE CLI, gNB can configure slot-specific power control parameters for SBFD slots than non-SBFD slot. 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.
Proposal 29: Inter-UE CLI can be mitigated by configuring slot-specific power control parameters 
· 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.
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]
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 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 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



In general, we support to study most of the candidate potential inter-gNB CLI enhancements for dynamic/flexible TDD and/or SBFD, which include gNB-to-gNB CLI measurement and reporting, coordinated scheduling, spatial domain enhancements, UE and gNB transmission and reception timing, power control based solution, potential enhancements to Rel-16 RIM, whether or not a particular scheme requires OTA or backhaul information exchange. In RAN1 #110bis-e, companies agree that no further discussion for potential enhancement for sensing based mechanism and potential enhancement to Rel-16 RIM for gNB-gNB co-channel CLI handling. Benefits per candidate of potential enhancement will be addressed in following sections separately. 
Potential enhancements to gNB-to-gNB CLI measurement and reporting
RAN1 112bis-e meeting, companies agreed that for the gNB-gNB co-channel CLI measurement, both RSRP and RSSI can be used as measurement metric for evaluation purposes only.
	Agreement:
For the gNB-gNB co-channel CLI measurement, both RSRP and RSSI can be used as measurement metric for evaluation purposes only.


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 30: Support to study beam hierarchy information exchange for inter-gNB CLI measurement via SSB and CSI-RS.
In RAN1 #111 meeting, it was agreed to use at least at least periodic NZP CSI-RS/SSB as the baseline for gNB-to-gNB co-channel CLI measurement and/or channel measurement. In RAN1 #112 meeting, it was agreed to use both CD-SSB and NCS-SSB. However, RAN1 has not discussed whether it is beneficial to reuse existing access link RS or to configure a dedicated RS (at least periodic NZP CSI-RS/SS) for gNB-to-gNB co-channel CLI measurement and/or channel measurement.
Proposal 31: RAN1 shall study whether to reuse existing access link RS (e.g. at least periodic NZP CSI-RS/SSB) or introduce a dedicated RS (e.g. at least periodic NZP CSI-RS/SSB) for gNB-to-gNB co-channel CLI measurement and/or channel measurement.
For SSB serving as gNB-to-gNB co-channel CLI measurement and/or channel measurement RS, to avoid overlapping transmission and reception RS occasions, baseline shall be that the central NW (e.g. CU or OAM) can configure dedicated RS (e.g. at least periodic NZP CSI-RS/SSB) that is not used for access link but dedicated for gNB-to-gNB CLI/channel measurement to guarantee TDMed CLI measurements across different gNBs to avoid transmission and reception RS collisions. For example, if the periodicity for SSB is every 5ms, with 32 or 64 SSB occasions per cycle e.g. 32 or 64 SSBs/beams are configured e.g. at least for FR2, then gNB cannot avoid overlapping SSB occasions among different neighbor gNBs within the 5ms window. In this case, dedicated RS configuration will guarantee the TDMed fashion among different gNBs for gNB-to-gNB CLI/channel measurement.
However, at least for periodic SSB, if SSB occasions for access link can be configured in a TDMed fashion across different gNBs under certain use cases/scenarios, then reusing existing access link RS (e.g. SSB) for gNB-to-gNB CLI/channel measurement will reduce the overhead. 
Proposal 32: For SSB serving as gNB-to-gNB co-channel CLI measurement and/or channel measurement RS, baseline proposal is to support the central NW can configure dedicated RS that is not used for access link for gNB-to-gNB CLI/channel measurement to guarantee TDMed CLI measurements across different gNBs to avoid Tx and Rx collisions.  
For NZP CSI-RS serving as gNB-to-gNB co-channel CLI measurement and/or channel measurement RS, considering more flexibility and less number of symbol used per CSI-RS occasion, if gNB can coordinate with neighbour gNBs and configure CSI-RS to guarantee the TDMed fashion measurement among different gNBs for gNB-to-gNB CLI/channel measurement, then supporting reusing access link CSI-RS for gNB-to-gNB CLI/channel measurement to reduce overhead. The central NW can configure dedicated CSI-RS that is not used for access link for gNB-to-gNB CLI/channel measurement when needed as well. It will be also useful for RAN1 to study the receiving time determination of CSIRS for gNB-to-gNB CLI/channel measurement, e.g. by refer to associated SSB timing or by searching window.
Proposal 33: For CSI-RS serving as gNB-to-gNB co-channel CLI measurement and/or channel measurement RS, baseline proposal is to support reusing access link CSI-RS for gNB-to-gNB CLI/channel measurement with the assumption that gNB can coordinate with neighbor gNBs and configure CSI-RS to guarantee the TDMed fashion measurement among different gNBs for gNB-to-gNB CLI/channel measurement.
FFS: Study the receiving timing of CSI-RS for gNB-to-gNB CLI/channel measurement
As baseline, half duplex can be assumed for gNB CLI measurement and RS transmission. In this case, CLI measurement and RS transmission should be coordinated such that each cell can measure every intended neighbour cell. To achieve this, for example, a central NW unit can configure inter-gNB CLI RS Tx and Rx windows separately for each cell for inter-gNB CLI measurement. The central NW unit can be gNB-CU or OAM. As illustrated in Figure 6-1, Each period of the Tx windows could contain multiple cells’ Tx windows and each period each cell shall have multiple Rx windows corresponding to the Tx windows of multiplex cells. In addition, each cell can sweep different gNB Tx/Rx beams across multiple Tx/Rx windows to measure per Tx/Rx beam pair inter-gNB CLI.  
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Figure 3‑2 Inter-gNB CLI RS Tx/Rx Configuration
Proposal 34: Investigate how resources are used/configured: e.g. how inter-gNB CLI measurement RS Tx and Rx time window configuration per cell.
Moreover, gNB HD or FD (e.g. SBFD) capability can be considered in the inter-gNB CLI measurement RS Tx and Rx time window configuration. For example, for HD only cell, TDMed Tx & Rx windows should be configured, while for FD e.g. SBFD capable cell, Tx & Rx windows can be overlapped.
Proposal 35: Consider gNB HD/FD capability in the inter-gNB CLI RS Tx and Rx time window configuration.
Therefore, extension proposal for SBFD capable gNB is that, if gNB can support simultaneous Tx and Rx of CLI measurement RS for gNB-to-gNB CLI/channel measurement, as in RS burst #1 in below example figure, each gNB will transmits its own CLI RS while receiving neighbor gNBs’ CLI RSs at the same time. However, the limitation of this method includes: 1) it will not guarantee accurate gNB-to-gNB CLI/channel measurement due to self interference and CLI, e.g. if Tx beam order is same across bursts for every gNB, the gNB’s Rx beam (dash blue in below figure) near its Tx beam (solid blue in below figure), it may never accurately measure a given neighbor gNBs’ Tx beam (solid yellow in below figure) due to high self interference; 2) if reusing access link e.g. SSBs, then via using this method, SSBs need to be agreed to be allowed on SBFD symbols first which needs a RAN1 agreement.
Proposal 36: RAN1 to study whether to perform simultaneous Tx and Rx of CLI measurement RS for gNB-to-gNB CLI/channel measurement for SBFD capable gNB.
[image: Diagram

Description automatically generated]
Figure 3‑3 Simultaneous Tx/Rx of CLI measurement RS
In RAN1 112bis-e meeting, companies agreed to two options for UL resource muting:
	Agreement:
For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)



There are two possible measurements using the CLI-RS. The first option is to measure the inter-gNB channel using the CL-RS. This option is beneficial for FR1 deployment to enable proper Tx and Rx nulling between the gNB and reduce the CLI. 

Figure 3‑4 CLI channel measurement and reporting facilitate inter-gNB Tx/Rx beamforming/nulling

In order to get accurate CLI channel measurement, victim gNB sends UL-muting indication to its connected UEs to prevent UL transmissions in the inter-gNB CLI-channel measurement resources. Additionally, victim gNB can report inter-gNB CLI-channel measurements to the aggressor gNBs. One possible enhancement for inter-gNB CLI mitigation in dynamic/flexible TDD and subband full duplex is to optimize Tx beamforming and Rx nulling at the gNBs based on knowledge of inter-gNB CLI channel. In order to guarantee the accuracy of CLI channel measurement at the victim gNB. Victim gNB can send to its connected UEs an UL-muting indication (semi-static patterns) to prevent UEs from transmitting UL signals that can interfere with CLI channel measurement. Other alternatives to semi-static patterns include ULCI-based and slot-format based muting
Proposal 37: Support of inter-gNB CLI channel measurement and reporting to neighbouring gNBs for enabling Tx/Rx beamforming or nulling.
· Semi-static UL-muting patterns are configured to prevent UL transmissions from interfering with the inter-gNB CLI channel measurement.

In addition, to have an accurate measurement of inter-gNB CLI/channel, not only UL muting of its own serving UE is needed, but also neighbor UL UEs in neighbor gNBs of victim gNB shall avoid UL Tx as well. So that the victim gNB will not receive legacy interference from UL UEs (e.g. especially CPEs/WABs with larger antenna array) of neighbor cells/gNBs to the victim gNB during the measurement occasions of inter-gNB CLI RS. E.g. UL is muted at UEs of victim cell 1. In addition, neighbor cell 2, 3, 4 also do UL muting to avoid neighbor UL UEs to victim gNB interference to have a clean inter-gNB CLI/channel measurement.
To achieve that, it is needed to exchange the UL muting pattern among the gNBs (not only the victim gNB knows, but also neighbor gNBs knows about the UL muting pattern to ensure the accurate inter-gNB CLI/channel measurement). The muting pattern indicates time (symbols) and frequency resources (RE level) where UE should cancel its UL transmissions, and the UE could be served by the victim gNB or other neighbor gNBs. The pattern is exchanged over backhaul or OTA signaling. The victim gNB and neighbor gNBs use the shared/exchanged UL muting pattern to indicate to its own UL UEs to avoid UL Tx on the muted indicated time and frequency resources.
Proposal 38: Support RAN1 study exchanging the UL muting pattern among the gNBs.
DL transmission from neighbor gNBs will also cause interference (this is neighbor gNB to victim gNB interference) to the measuring/victim gNB during inter-gNB CLI/channel measurement. If Rx other gNB’s DL signal power as interference is high, quality of CLI/channel measurement will be degraded. In order to guarantee the accuracy of CLI channel measurement at the victim gNB, e.g. inter-gNB CLI/channel measurement at cell 0 (Tx) and cell 1 (measure/Rx), then this time window shall be DL muted so that neighbor cells can not send any DL transmissions as well to avoid neighbor cell to measuring cell’s interference and ensure accurate inter-gNB channel/CLI measurement at cell 1). Therefore, support to exchange the DL preemption/muting pattern among the gNBs (neighbor gNBs knows about the DL preemption/ muting pattern to ensure avoid its DL Tx to ensure the accurate inter-gNB CLI/channel measurement).
Proposal 39: Support RAN1 study exchanging the DL muting pattern among the gNBs to ensure the accurate inter-gNB CLI/channel measurement.

1.1 Coordinated Scheduling
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 40: Support coordinated scheduling on DL Tx restriction on UL resources between cells, e.g. protect its high priority at least periodic UL transmission.

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 3‑5 Tx/Rx inter-gNB beam-pairs






	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



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.
4) in addition, the framework of example 2 is a similar framework as specified or an extension for IAB framework. 
Proposal 41: Support RAN1 to prioritize the study of example 2 in spatial domain coordination agreement for inter-gNB co-channel CLI management.
	Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, 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


As above agreement, RAN1 112 meeting 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.
The measurement report can be sent either via OTA or BH signalling, and can be periodic or event triggered with possible contents e.g. RSSI per Tx/Rx beam pair, highest RSSI per Tx beam among swept Rx beams in repetition, allowed/disallowed Tx beams (recommended/restricted beams), etc. 
Proposal 42: Support to investigate measurement periodic or event triggered report with contents of allowed/disallowed (recommended/restricted) beams. 
To further manage inter-gNB CLI, contents of inter-gNB CLI management message or coordination signal can include the contents of victim/aggressor cell ID, victim cell can indicate e.g.:
· UL resources for protection
· DL beam allowed/disallowed on those resources for aggressor cell(s)
· Required power backoff per allowed DL beam for aggressor cell(s)
Proposal 43: Support to investigate related resources and corresponding required power backoff per allowed/disallowed beam. 
In codebook-based DL operation, an aggressor gNB may need to restrict DL precoding in slots where CLI/CLI-leakage occurs at the victim gNB. In particular, aggressor gNB configures the UE with PMI codebook subset restriction, however, this restriction is only needed for DL transmissions in slots where gNBs have conflicting traffic directions. That is, gNB keeps track of two PMIs for each UE, one PMI for HD slots and one PMI for slots with conflicting traffic directions.
Proposal 44: gNB adopts a slot-specific DL codebook restrictions, where a subset of PMI codebook is restricted in slots where a neighboring gNB has a conflicting traffic direction.
To mitigate the inter-gNB CLI, gNB can coordinate with neighbor gNB and configure slot-specific UE DL/UL spatial parameters for SBFD slots than non-SBFD slot, e.g. beam or precoding matrix. 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 45: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· 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.

For example, the victim gNB can measure the strength of the CLI (e.g. RSSI or RSRP) at the configured CLI resources associated with candidate DL/UL beam pairs. Beam related coordination information can be sent between victim gNB and aggressor gNB for CLI mitigation.
Proposal 46: Beam related coordination info can be sent between victim gNB and aggressor gNB
· If the inter-gNB CLI RS is transmitted from aggressor gNB and measured by victim gNB, the coordination info can include allowed/disallowed aggressor gNB DL beam(s), corresponding Tx power backoff and time/frequency resources. 
· If the inter-gNB CLI RS is transmitted from victim gNB and measured by aggressor gNB, the coordination info can include the intended victim gNB UL beam(s), corresponding intended time/frequency resources and max allowed caused interference level.

1.3 UE and gNB transmission and reception timing
In RAN1 112bis-e meeting, companies agreed to study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
	Agreement:
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance



One possibility is that gNB transmits RS based on its own DL symbol timing, while receiving individual RS based on detected RS arrival time, where the reception is in a dedicated Rx window. By using DL symbol timing, gNB can simultaneously transmit DL traffic via different panels or beams if applicable. It is assumed that Rx gNB can detect Rx timing per sequence with unknown arrival time, e.g. via correlation detection, which can also measure the RSRP. Moreover, gNB can distinguish RSs from multiple Tx gNBs overlapped in time and frequency if low-correlation CLI sequences are used.
[image: ]
Figure 3‑6 Rx window to determine and detect RS per aggressor gNB.
Proposal 47: Investigate how to determine inter-gNB CLI RS Tx/Rx timing for accurate inter-gNB CLI measurement.
To mitigate the inter-gNB CLI, gNB can coordinate and configure slot-specific TA for SBFD slots than non-SBFD slot. Similarly for potential enhancement on flexible TDD, different TAs can be applied to slots where two cells have same or different traffic directions. For example, gNB can match the UL TA to the strongest jamming neighbor gNB to better align the reception of UL signal and neighbor gNB interference at the gNB for inter-gNB CLI mitigation, in the case that e.g. victim gNB is U symbol, while aggressor gNB is D symbol.
Proposal 48: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA 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.

To reduce timing offset between UL Rx and CLI channel measurement RS, gNB can configure UEs with different timing advance (TA) values for CLI measurement occasions in order to reduce ICI between ULs and CLI channel measurement RS. In current spec, UE needs minimum number of symbols before applying new TA value. The applicability of this proposal will depend on UEs’ capability of how fast it can apply this TA adjustment. UE may need to be configured with zero or negative TA values to reduce the timing offset, which may require a restriction on scheduling the UE on consecutive UL and DL symbols, i.e., a guard symbol between D and U may need to be configured for these UEs. Additionally, if UE needs to fallback to default TA, then a guard period is needed to allow UE to adjust its TA.
Proposal 49: Simultaneous UL reception and inter-gNB CLI measurement can be achieved by configuring UE with zero or negative TA.
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[bookmark: _Hlk111134488]Figure 3‑7 Example: zero TA for reducing timing offset

1.4 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 contribution R1-2303588, 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 50: 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.
To mitigate the inter-gNB CLI, gNB can coordinate and configure slot-specific power control parameters for SBFD slots than non-SBFD slot. 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.
Proposal 51: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters 
· 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.

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: L1/L2 based UE-to-UE CLI measurement and reporting can reduce latency and facilitate gNB adjusting UE scheduling for inter-UE CLI reduction, even for latency stringent traffic compared to Rel-16 L3 based framework.

Proposal 1: RAN1 to further study both schemes for CLI measurement and report: 
· Scheme 1: Implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metrics
· Study how to configure corresponding CLI resources and reporting use existing CSI framework as baseline
· Scheme 2: Explicitly capture CLI in separate new CLI reportQuantity metrics, e.g. SRS-RSRP and CLI-RSSI
· Study how to configure corresponding CLI resources and reporting use existing CSI framework as baseline
Proposal 2: Enhance existing CSI framework by adding configuration of IMR dedicated for inter-UE CLI in a CSI-ReportConfig for scheme 1 of implicitly capture CLI in existing CSI report e.g. via existing CQI and L1-SINR metric.
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 to measure different CLI levels from different aggressor UEs.
Proposal 5: RAN1 to further study enhancement to support at least semi-persistent, or aperiodic measurement resource and reporting in addition to periodic resource and reporting.
Proposal 6: RAN1 to further study L1 CLI aperiodic triggering mechanism including associated qcl_info for CLIs.
Proposal 7: RAN1 to further study L1 semi-persistent CLI activation and reporting mechanism.
Proposal 8: Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource (e.g. for top X best DL beams) for enabling CLI-aware gNB beam management for CLI mitigation, for L1 CLI measurement and reporting including P/SP/AP resource and report.
Proposal 9: RAN1 to further study L1 subband based or narrower frequency granularity based CLI reporting as a general framework 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.
Proposal 10: RAN1 to further study L1 subband based CLI/CSI reporting configuration.
Proposal 11: RAN1 to further study L1 differential subband based CLI/CSI reporting to save overhead.
Proposal 12: RAN1 to study L1-CLI report priority, CPU computation and multiplexing when reported as UCI. 
Proposal 13: RAN1 to study 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 14: To reduce L1 CLI DCI signalling overhead, a GC-DCI is introduced for triggering both AP SRS transmissions and AP CLI measurement/reporting from a group of UEs
Proposal 15: In addition to most interfering CLI resources, UE can be configured to report top X least interfering CLI resources for CLI report. 
Proposal 16: Support at least L2 event triggered CLI reporting
Proposal 17: Support to study 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 18: Signaling of inter-UE CLI measurement report between gNBs can include additional assistant information, such as aggressor UE ID/CLI resource ID, corresponding UE’s future data/control scheduling information, suggested UE power backoff value, beam ID, measured or applied on certain time/frequency resources.
Proposal 19: 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 20: 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 21: 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 22: The CLI measurement UE can recommend TA adjustment for aggressor UE corresponding to a particular CLI resource transmission. 
Proposal 23: The CLI measurement UE can report Rx timing difference between UE DL arrival timing and CLI RS arrival timing to help align the timing at the DL UE for inter-UE CLI measurement and CLI reduction.
Proposal 24: Inter-UE CLI can be mitigated by configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA 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 25: CLI measurement UE can recommend UL power backoff for neighbor UL UE corresponding to a particular CLI resource.
Proposal 26: CLI measurement UE can recommend DL power boost to cope with the CLI from neighbor UL UE corresponding to a particular CLI resource.
Proposal 27: gNB may indicate UL power limit for certain interfering UE to ensure caused CLI is always under limit.
Proposal 28: Investigate UL UE autonomously adjust Tx power to limit inter-UE CLI caused to DL UE based on inter-UE pathloss measurement.
Proposal 29: Inter-UE CLI can be mitigated by configuring slot-specific power control parameters 
· 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.
Proposal 30: Support to study beam hierarchy information exchange for inter-gNB CLI measurement via SSB and CSI-RS.
Proposal 31: RAN1 shall study whether to reuse existing access link RS (e.g. at least periodic NZP CSI-RS/SSB) or introduce a dedicated RS (e.g. at least periodic NZP CSI-RS/SSB) for gNB-to-gNB co-channel CLI measurement and/or channel measurement.
Proposal 32: For SSB serving as gNB-to-gNB co-channel CLI measurement and/or channel measurement RS, baseline proposal is to support the central NW can configure dedicated RS that is not used for access link for gNB-to-gNB CLI/channel measurement to guarantee TDMed CLI measurements across different gNBs to avoid Tx and Rx collisions.  
Proposal 33: For CSI-RS serving as gNB-to-gNB co-channel CLI measurement and/or channel measurement RS, baseline proposal is to support reusing access link CSI-RS for gNB-to-gNB CLI/channel measurement with the assumption that gNB can coordinate with neighbor gNBs and configure CSI-RS to guarantee the TDMed fashion measurement among different gNBs for gNB-to-gNB CLI/channel measurement.
FFS: Study the receiving timing of CSI-RS for gNB-to-gNB CLI/channel measurement
Proposal 34: Investigate how resources are used/configured: e.g. how inter-gNB CLI measurement RS Tx and Rx time window configuration per cell.
Proposal 35: Consider gNB HD/FD capability in the inter-gNB CLI RS Tx and Rx time window configuration.
Proposal 36: RAN1 to study whether to perform simultaneous Tx and Rx of CLI measurement RS for gNB-to-gNB CLI/channel measurement for SBFD capable gNB.
Proposal 37: Support of inter-gNB CLI channel measurement and reporting to neighbouring gNBs for enabling Tx/Rx beamforming or nulling.
· Semi-static UL-muting patterns are configured to prevent UL transmissions from interfering with the inter-gNB CLI channel measurement.
Proposal 38: Support RAN1 study exchanging the UL muting pattern among the gNBs.
Proposal 39: Support RAN1 study exchanging the DL muting pattern among the gNBs to ensure the accurate inter-gNB CLI/channel measurement.
Proposal 40: Support coordinated scheduling on DL Tx restriction on UL resources between cells, e.g. protect its high priority at least periodic UL transmission.
Proposal 41: Support RAN1 to prioritize the study of example 2 in spatial domain coordination agreement for inter-gNB co-channel CLI management.
Proposal 42: Support to investigate measurement periodic or event triggered report with contents of allowed/disallowed (recommended/restricted) beams. 
Proposal 43: Support to investigate related resources and corresponding required power backoff per allowed/disallowed beam. 
Proposal 44: gNB adopts a slot-specific DL codebook restrictions, where a subset of PMI codebook is restricted in slots where a neighboring gNB has a conflicting traffic direction.
Proposal 45: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific DL/UL spatial parameters, e.g. beam or precoding matrix 
· 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 46: Beam related coordination info can be sent between victim gNB and aggressor gNB
· If the inter-gNB CLI RS is transmitted from aggressor gNB and measured by victim gNB, the coordination info can include allowed/disallowed aggressor gNB DL beam(s), corresponding Tx power backoff and time/frequency resources. 
· If the inter-gNB CLI RS is transmitted from victim gNB and measured by aggressor gNB, the coordination info can include the intended victim gNB UL beam(s), corresponding intended time/frequency resources and max allowed caused interference level.
Proposal 47: Investigate how to determine inter-gNB CLI RS Tx/Rx timing for accurate inter-gNB CLI measurement.
Proposal 48: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific TA.
· For SBFD, TA configured for SBFD slots can be different from those configured for HD slots.
· For dynamic TDD, TA 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 49: Simultaneous UL reception and inter-gNB CLI measurement can be achieved by configuring UE with zero or negative TA.
Proposal 50: 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 51: Inter-gNB CLI can be mitigated by coordinating and configuring slot-specific power control parameters 
· 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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