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In RAN plenary #102, the work item on evolution of NR duplex operation, Sub-band full duplex (SBFD), was approved [1]. The objective of the work item is to specify SBFD operation at the gNB side within a TDD carrier. 
In addition, related to enhancements for CLI handling which include the common solutions for both SBFD and dynamic/flexible TDD scenarios, the main objective of the first three R19 RAN1 meetings is to:
1) Down-select the detailed scheme(s) for gNB-to-gNB co-channel CLI handling scheme(s).
2) Down-select the detailed scheme(s) for UE-to-UE co-channel CLI handling scheme(s).
Based on the RAN1 down selection and also RAN plenary decision, the objective of the rest of R19 work item from RAN1 perspective is to specify the down-selected enhancements for CLI handling.
Note that detailed optimization schemes that are only dedicated for dynamic / flexible TDD is out of the scope of R19 work item. 
Based on the recent RAN-P update, the updated objectives are as follows:
	The objectives are as follows:
….
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD
· Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling



In RAN1 116 meeting, companies agreed on criteria for down selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes.
	Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at least the following aspects should be considered:
· Applicable scenario, performance benefits based on analysis and/or demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD to RAN1#116bis based on the simulation assumptions agreed during the SI.
· Specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
Operational details of the scheme including feasibility and practicability.



In this contribution we discuss the enhancements for CLI handling schemes for both inter-gNB and inter-UE CLI for agenda 9.3.3 and also the down selection.
Down selection of Inter-UE CLI and Inter-gNB CLI handling schemes
Down selection of schemes
In RAN1 116bis meeting, companies agreed on gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes and associated spec impacts for further down selection in RAN1 117 meeting.
For inter-gNB CLI handling schemes, RAN1 agreed:
	Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 
Agreement
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration
Agreement
If non-transparent UL resource muting is supported for interference covariance matrix measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
Note: The existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, are the candidates for the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.
Agreement
If non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
· Exchange of information across gNBs on measurement resources 
Note: The existing reference signal time-frequency resource pattern, e.g., CSI-RS, are used to determine the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.
Agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB CLI handling and UE-to-UE CLI handling schemes.
· Note: Support of UL Tx power control enhancements can be discussed in AI 9.3.1 and 9.3.2 (for PRACH only).
Agreement
If coordinated scheduling in time and/or frequency is supported for gNB-to-gNB CLI handling and UE-to-UE CLI handling, the following is recommended to be specified
· Information exchange of semi-static cell-specific SBFD time and frequency location configuration



For inter-UE CLI handling schemes, RAN1 agreed:
	Agreement
Consider the following alternatives for down selection in RAN1#117.
Alt.1:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CLI measurement accuracy requirement [RAN4]
Alt.2: 
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
Alt.3:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· CLI measurement accuracy requirement [RAN4]
Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.
Conclusion
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.



On the L1 based UE-to-UE CLI measurement and reporting, we suggest leveraging existing framework of L1 beam reporting to reduce the spec impact, e.g. UCI bits generation similar as L1 beam reporting, remove UCI omission rule as for single part reporting, single CPU occupation, timeline similar as L1 beam reporting (no UE behaviors update).
Proposal 1: Propose the modify the spec impact of L1 based UE-to-UE CLI measurement and reporting on Alt 1 and Alt 3 as:
· UCI bits generation similar as L1 beam reporting
· Priority rules for CSI reports
· Single CPU occupation
· Timeline similar as L1 beam reporting.

Other than the above agreed candidate CLI handling schemes and associated spec impact, in our view, the following two more schemes shall be also the candidates for down selection.
1. Rx beams configuration (QCL-D) configured per CLI measurement resource for UE-to-UE CLI measurement.
· Propose to add this bullet under L1 UE CLI measurement and reporting scheme.
· If L3 UE CLI enhancement is supported, propose to have this bullet under L3 UE CLI measurement and reporting enhancement.
· Note that: One motivation is that to allow gNB configure Rx QCL-D per each CLI resource corresponding to top X best DL beams. Based on such UE CLI measurement and 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. More motivations are stated in section 3.2
2. L2 event triggered UE to UE CLI measurement and reporting
· Measurement resources
· Periodic or semi-persistent measurement resource, i.e., SRS or CLI-RSSI resource
· Measurement reporting
· Definition and configuration of triggering conditions for CLI reporting
· CLI reporting quantities, e.g., SRS-RSRP, CLI-RSSI
· MAC CE for CLI measurement report [RAN2]
Therefore, we propose the down selected schemes:
Proposal 2: Propose the following down selected inter-UE and inter-gNB CLI handling schemes to be specified in R19 work item:
For Inter-UE CLI handling schemes:
· L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework – with preferred Alt 1.
· Rx beams configuration (QCL-D) configured per CLI measurement resource.
· Rx beams configuration (QCL-D) configured per CLI measurement resource for L3 UE-to-UE CLI measurement enhancement.
· L2 event triggered UE to UE CLI measurement and reporting.
For Inter-gNB CLI handling schemes:
· Beam nulling.
· Beam pairing.
· Coordinated scheduling in time and/or frequency.

In addition, SBFD specific inter-subband CLI measurement and reporting shall also be specified in R19 to support SBFD operation. Next section 2.2 discussed the details on it.
Proposal 3: Propose RAN1 to specify SBFD specific inter-subband CLI measurement and reporting in R19 work item to support SBFD operation.

SBFD Specific Inter-Subband CLI Measurement and Reporting
CLI measurement methods
In R1-116 meeting, companies agreed on four methods for SBFD specific CLI measurements for SBFD aware UEs:
	Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.



We support method #1 as baseline method to measure the direct impact of the interference leakage on DL subband at victim UE. With method #1, to measure the direct impact, DL timing shall be used for the CLI measurement in DL subband. Therefore, no timing adjustment is needed for CLI measurement. 
In addition, in our view, method #2/#3 could be useful to be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s). Method #2 and #3 can at least provide higher interference signal strength than inter-subband interference leakage-based measurements in CLI-RSSI measurement in DL subband by Method #1. Furthermore, such measurement is not subject to inter-cell DL interference. With method #2/3, UL timing shall be used for the CLI measurement in UL subband. Corresponding UE behaviour on CLI timing adjustment can follow R16 CLI rule with timing offset applied for CLI measurement.
For method #4, 1) firstly, we would like to first clarify Tx UE behaviour that as agreed in agenda 9.3.1 that “UL transmissions outside UL usable PRBs are not allowed.” Therefore, CLI resources shall be transmitted within UL subband but not guard band of aggressor UE. 2) In addition, the concern on measurement of RSSI within guard band is the CLI accuracy. The measured CLI could be much higher than the actual CLI leakage received in DL subband with separated by N RBs of guard band. 3) For method #4, it makes more sense to apply DL timing for the CLI measurement in guard band. 4) We don’t think method #4 is needed; however, if method #4 is support by majority companies, we can compromise with a UE capability. One reason is that if DL filtering is used at the SBFD aware UE, then UE needs to adjust the filtering to include the guard band for CLI measurement on SBFD symbols and corresponding guard period for filter adjustment could be applied. 
Proposal 4: Support to specify CLI measurement method #1 as baseline, additionally support method #2/3.
· FFS: Method #4 at least with a UE capability.

In addition, if CLI measurement resources are configured as cell specific, a spec rule shall be defined for the SBFD aware UE to measure each method within DL/UL usable PRBs as illustrated in the figure. The updated agreement can be:
Proposal 5: For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered:
· Method#1: UE measures RSSI only at RSSI frequency resources within DL usable PRBs
· Method#2: UE measures RSRP of aggressor UE only at SRS-RSRP frequency resources within UL usable PRBs but within DL BWP
· Method#3: UE measures RSSI only at CLI-RSSI frequency resources within UL usable PRBs but within DL BWP
· Method#4: UE measures RSSI within guard band, if guard band exists only at CLI-RSSI frequency resources outside the DL and UL usable PRBs but within DL BWP.
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Figure 2‑1 CLI measurement of each method within DL/UL usable PRBs

CLI measurements in DL subband
For method #1 where UE measures CLI-RRSI across the two downlink subbands, three alternatives were studied in R18 for the CLI measurements and reporting. In Alt #1 and #2, gNB configure one or more CLI-RSSI resource per each DL subband as supported in current specification. In Alt #3, the UE is configured with non-contiguous CLI-RSSI resource across the two downlink subbands. 
	For UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following methods are studied. Note that Alt #1 and Alt #2 are supported in existing specifications.
-	Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband
-	Alt #2: CLI-RSSI measure/report in one DL subband only
-	Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
Alt #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget. 
Alt #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view. 
Alt #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands. This method is similar to non-contiguous CSI-RS resource allocation. A single CLI-RSSI report based on non-contiguous CLI-RSSI resource may be sufficient. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view. Note that it does not imply whether L1 or L2 based measurement is supported



When UE is configured to measure CLI-RSSI in SBFD symbols Alt #1, UE can report CLI in each DL subband separately, which has no spec impact. 
When UE is configured to measure CLI-RSSI in SBFD symbols Alt #2, UE can report CLI in only one DL subband, which may have some limitation especially in the asymmetric CLI case across the two DL subbands. 
When UE is configured to measure CLI-RSSI in SBFD symbols Alt #3, as part of the CLI report configuration, UE can be configured to report ‘wideband’ CLI-RSSI metric or ‘per-DL-subband’ CLI-RSSI metric. The latter could be motivated in the scenario where RSSI is not symmetric across the two downlink subband. 
For the determination of the CLI frequency resources in SBFD symbols, similar methodology as the one of CSI-RS frequency resource determination could be leveraged, where UE implicitly determines the CLI-RSSI frequency resource by excluding some resources based on the UL/DL subband indication. Rel-16 CLI-RSSI measurement resource is based on contiguous RB configurations based on a start PRB index and number of PRB with multiple of 4. Then, when a CLI resource is configured in SBFD symbols, UE only measures the CLI in the DL subbands based on Method 1, then the UE can implicitly determine the frequency resources for CLI measurement bandwidth within each subband by excluding the UL subband and any guardband. 
Proposal 6: For CLI-RSSI measurements within DL subband, support to discuss Alt #1 and Alt #3. 
Proposal 7: For Alt#3, UE implicitly determines the non-contiguous frequency resources for CLI-RSSI measurement in the DL subband(s). The non-contiguous CLI frequency resource could implicitly be determined by the UE by excluding some frequency resources based on SBFD indication. 
Proposal 8: For Alt#3, when UE is configured to measure and report CLI-RSSI based on non-contiguous CLI-RSSI resource in SBFD symbols, the UE may report single wideband RSSI measurement or per-DL-subband CLI-RSSI measurements.

[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Inter-UE CLI handling schemes
In R18, RAN1 discussed a list of candidate inter-UE CLI handling schemes as potential enhancements of UE-to-UE CLI handling. As agreed in RAN plenary #102, down-selection of candidate schemes for R19 work item can be discussed in this RAN1 #116 meeting. 
Based on SBFD system evaluations in Rel-18 study on SBFD, RAN1 concluded that there is an impact on the DL performance due to the inter-UE CLI as concluded below in TR 38.858: 
	RAN1 concluded that DL/UL UPT gain and loss at least come from the following reasons
· …
· The DL UPT loss at least comes from UE-to-UE CLI. 



Although the inter-UE CLI has low probability, its impact could be severe when UEs are of close proximity. Our earlier link-level study, shown in Figure 3‑1, showed the DL throughput impact based on the distance between aggressor and victim UEs between UL and DL. 
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[bookmark: _Ref158909120]Figure 3‑1 Achievable TPUT (%) for different distances between aggressor and victim UEs 
To reduce the impact of inter-UE CLI, the pairing of the DL and UL UEs in SBFD symbols should be done carefully. However, this requires the knowledge of the impact of inter-UE CLI between the scheduled pairs of UL and DL UEs based on the inter-UE CLI reports. A simple CLI-aware scheduling scheme shows up to 90% of DL performance degradation can be recovered as shown in Figure 3‑2  for Urban macro scenario with Alt 4 (XXXXX) and small packet with different loading levels. 
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[bookmark: _Ref158909648]Figure 3‑2 Recovery of DL Throughput loss with simple CLI-aware scheduler
Therefore, solutions are needed for inter-UE CLI mitigation for enhanced DL performance. 
In RAN1 #116 meeting, a list of schemes and a summary table of inter-UE CLI handling schemes of proposal 3-2a was captured in R1-2401635 for further discussion in next meeting as below:
	 Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.

For future meetings:
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.



	UE-to-UE co-channel CLI handling schemes
	Potential specification impact
	Performance evaluations
	Operational details

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· Information exchange on SRS configuration
· Information exchange of UE timing information
· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· Measurement resources
· Periodic, semi-persistent, or aperiodic, e.g., SRS, CLI-RSSI measurement resources, CLI-IMR, CSI-IM
· Reference signals for measurement, .e.g., Periodic, semi-persistent, or aperiodic with dedicated usage for CLI measurement 
· Measurement reporting
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Reporting quantity, e.g., SRS-RSRP, CLI-RSSI, CQI, L1-SINR, RS indexes, L1-RSRP
· UCI bits generation including ordering and multiplexing with other types of UCI
· Subband CLI reporting (Similar to subband CSI)
· UCI omission rule 
· Priority for overlapping handling
· CSI processing unit and CPU occupation rule.
· Timeline and related UE behaviors
· Triggering mechanism for measurement and reporting
	Section 7.4.3 of TR 38.858
Coordinated scheduling based on L3 UE-UE CLI measurement has similar DL average-UPT gain compared to coordinated scheduling based on L1 UE-UE CLI measurement for all load levels.

Section 2.2.1 of R1-2400689 [11]
The use of a L1/L2 measurement and reporting (Scheme 2) provides the gNB with a more accurate picture of current UE-to UE CLI, allowing the gNB to carefully select an optimal pairing of downlink and uplink UEs that minimizes the impact of UE-to-UE CLI on downlink UEs. This in turn improves downlink performance when compared to Scheme 1 – loss drops from 38% to 15.5% for low load, and from 47% to 28% for medium load, respectively.  
	· Coordinated scheduling in time and frequency domain has a larger potential at low and medium loads
· L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement and low latency 
· The above does not imply that L3 based measurement and reporting cannot be used for similar purposes.

	Spatial domain based schemes
	Rx beam configuration can be configured for the L1/L2/L3 based UE-to-UE CLI measurement 
	No evaluation results for SBFD
	· Implementing spatial domain coordination for UE-to-UE CLI may increase measurement complexity. 
· The effectiveness of the coordination method can vary based on user mobility and channel variation.

	Power control based schemes
	· Separate power control parameters in SBFD and non-SBFD symbols
· gNB indicate UE to reduce TX power the UL UE is adjacent to the DL scheduling UE. UT TX power is upper-limited to reduce CLI.
	No evaluation results for SBFD
	· Potential impact to UL performance
· Same specification impact if separate power control for PUSCH for SBFD and non-SBFD is supported in 9.3.1
· Different UE TX power for w/wo CLI by gNB scheduling
· UE PHR report considering CLI  

	UE-to-UE co-channel CLI measurement and reporting
	Note: The potential specification impact listed for coordinated scheduling in time and/or frequency also applies here. 
	Note: The evaluations results are provided for coordinated scheduling in time and/or frequency.
	Note: The operation details listed for coordinated scheduling in time and/or frequency also applies here.


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.
To summarize our views on the schemes captured in the table of Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for this meeting discussion:
1. We support L1/L2 based UE-to-UE co-channel CLI measurement and reporting. We present the detailed reasonings and proposals in section 2.1. 
In addition, we proposed certain changes in the table related to L1/L2 based UE-to-UE co-channel CLI measurement and reporting:
Proposal 9: Propose the following changes related to L1/L2 based UE-to-UE co-channel CLI measurement and reporting related to Proposal 3-2a (UE to UE CLI handling) of R1-2401635:
· Change 1) We suggest having L1/L2 based UE-to-UE co-channel CLI measurement and reporting under scheme of “UE-to-UE co-channel CLI measurement and reporting” instead of “coordinated scheduling”. Because for intra-cell L1/L2 based UE-to-UE co-channel CLI measurement and reporting, it does not require coordinated scheduling between gNBs for UE-to-UE co-channel CLI measurement and reporting.
· Change 2) In addition, we suggest separating L1/L2 based UE-to-UE co-channel CLI measurement and reporting schemes to at least two schemes: CLI either explicitly captured in SRS-RSRP, CLI-RSSI and/or implicitly captured in CQI, L1-SINR with adding CLI-IMR. The table captures both schemes; however, the two schemes indeed have different spec impact. For example, if CLI is implicitly captured, then there shall be no spec impact on report quantity, UCI multiplexing, CPU computation rule and timeline.
· Change 3) Lastly, operational details shall capture “facilitate gNB adjusting UE scheduling” in first bullet as it was captured in TR 38.858 together with short term interference measurement and low latency. 
The suggested edits are highlighted in yellow:
	UE-to-UE co-channel CLI handling schemes
	Potential specification impact
	Performance evaluations
	Operational details

	UE-to-UE co-channel CLI measurement and reporting
	· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· Measurement resources
· Implicitly scheme: Periodic, semi-persistent, or aperiodic, e.g., CLI-IMR
· Explicit scheme: Periodic, semi-persistent, or aperiodic, e.g., SRS-RSRP, CLI-RSSI
· Measurement reporting:
· Implicitly scheme: reuse CQI, L1-SINR as in current spec 
· Explicit scheme: reporting quantity, e.g., SRS-RSRP, CLI-RSSI
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Subband CLI reporting 
· UCI multiplexing priority rule, CPU occupation rule, timeline and related UE behavior
	Section 7.4.3 of TR 38.858
Coordinated scheduling based on L3 UE-UE CLI measurement has similar DL average-UPT gain compared to coordinated scheduling based on L1 UE-UE CLI measurement for all load levels.

Section 2.2.1 of R1-2400689 [11]
· The use of a L1/L2 measurement and reporting (Scheme 2) provides the gNB with a more accurate picture of current UE-to UE CLI, allowing the gNB to carefully select an optimal pairing of downlink and uplink UEs that minimizes the impact of UE-to-UE CLI on downlink UEs. This in turn improves downlink performance when compared to Scheme 1 – loss drops from 38% to 15.5% for low load, and from 47% to 28% for medium load, respectively.  
	· L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement and low latency and facilitate gNB adjusting UE scheduling.
· The above does not imply that L3 based measurement and reporting cannot be used for similar purposes.



2. Support coordinated scheduling in time and frequency domain. Support information exchange of semi-static SBFD time and frequency configuration and information exchange on SRS configuration. We present the detailed reasonings and proposals in section 2.3. 
Clarification is needed on information exchange of UE timing information.
The suggested edit in table row of coordinated scheduling is as below:
	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· Information exchange on SRS configuration
· Information exchange of UE timing information
	No evaluation results for SBFD
	· Coordinated scheduling in time and frequency domain has a larger potential at low and medium loads



3. Support Rx beam configuration for the L1/L2/L3 based UE-to-UE CLI measurement. We present the detailed reasonings and proposals in section 2.2. 
4. Support UE power control based scheme, and we discuss the details in our contribution of agenda 9.3.1.
To summarize our supported schemes:
Proposal 10: Support following schemes in the table:
· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· coordinated scheduling in time and frequency domain
· Rx beam configuration for the L1/L2/L3 based UE-to-UE CLI measurement
· UE power control based scheme
In section 2, the proposed schemes can mitigate the inter-UE CLI. We will present the proposed inter-UE CLI handling schemes in priority order from our view We also discussed our view on SBFD specific inter-subband CLI measurement and reporting in section 2.4.

UE-to-UE co-channel CLI measurement and reporting
During R18 RAN1 meetings, there are discussions on L1/L2 based potential enhancements to UE-to-UE CLI measurement and reporting and following example related agreements have been made throughout different RAN1 meetings.
L1/L2 based UE-to-UE CLI measurement and reporting turns to be the most important solution that attracts most companies’ support to potentially enhance UE-to-UE CLI measurement/reporting.
Based on the discussions of R18 RAN1 meetings related to L1/L2 CLI measurement and 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 in R18 study also agreed that for L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, use existing CSI framework as the baseline.
First of all, the performance of SBFD operation will depend on the handling of inter-UE CLI, which has significant impact on the DL performance, especially due to intra-cell inter-UE CLI. Therefore, having a scheme to reduce intra-cell inter-UE CLI is important for SBFD operation, which can aid in faster CLI aware gNB scheduling and intra-cell DL/UL UE pairing for SBFD operation. In which case, the current R16 L3 based CLI measurement and reporting cannot achieve this, especially with fast variation environment e.g. with mobility or a scenario under blocking. Hence, L1/L2 based inter-UE CLI measurement and reporting is beneficial for faster CLI aware gNB scheduling and intra-cell DL/UL UE pairing for SBFD operation.
Observation 1: L1/L2 based inter-UE CLI measurement and reporting is beneficial for faster CLI aware gNB scheduling and intra-cell DL/UL UE pairing for SBFD operation.
Secondly, in R16, L1-SINR was adopted to 1) capture the background interference for beam management; 2) measure inter-beam interference in multi-beam mTRP scenario. The L1-SINR measurement is beneficial to aid in multi-beam co-scheduling and find compatible beam/beam pair identification for beam selection in mTRP scenario. Similar concept and motivation can be extended to L1 CLI measurement and report, for CLI aware compatible beam/beam pair identification and selection for SBFD operation and dynamic/flexible TDD. 
Observation 2: L1/L2 based inter-UE CLI measurement and reporting is beneficial for CLI aware compatible beam/beam pair identification and selection.
Thirdly, the analytical statement below shows why L1 based UE-to-UE CLI can provide significant low latency benefit compared to L3 base CLI approach:
If considering L3 CLI reporting delay, it 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 CLI 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 and UE pairing 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 3‑3 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 FR2. 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 3: L1/L2 based inter-UE CLI measurement and reporting is beneficial for latency reduction, from L3 based ~80ms reduced to L1 based ~1ms of latency.
Proposal 11: Support RAN1 specification of enhancements of co-channel CLI measurement and reporting in R19 work item:
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic reporting.
· Use existing CSI framework as the baseline
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI can be further specified as baseline metrics as new CSI reportQuantity for CLI reporting.
In addition, to enhance the existing CSI measurement and report to capture the CLI impact, gNB can configure new IMR(s) dedicated for inter-UE CLI in a CSI-ReportConfig e.g. to measure one or more aggressor UEs. 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. 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 12: RAN1 considers specifying one or both schemes for CLI measurement and report: 
· Scheme 1: 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 
· Scheme 2: 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

Spatial domain coordination method
Rel-16 CLI framework does not support signalling/configuration of Rx beam (QCL-D) for CLI measurement. There are limitations with current R16 CLI 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, e.g. FR2 allows up to 8 active DL beams, 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. 
2) As for current L3 CLI configuration, UE can only measure the latest beam but cannot measure other beams. Instead, enhancement can be done to allow gNB configure Rx QCL-D per each CLI resource corresponding to top X best DL beams. Based on such UE CLI measurement and 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. 
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Figure 3‑4 Rx QCL-D for CLI Measurement
3) 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 3‑5 Rx QCL-D for CLI Measurement with multiple UE panels
4) 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 especially for fast channel variation e.g. with mobility, it is important to have explicit 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 Rx QCL/TCI per CLI resource, gNB can identify the Rx beam corresponding to the reported CLI. 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 enhanced L3 and future L1/L2 if adopted for CLI measurement and reporting.
Proposal 13: Support RAN1 to specify 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, as enhancement of CLI measurement and reporting.
Coordinated scheduling for time/frequency resources between gNBs
Inter-gNB coordination is beneficial to support inter-cell inter-UE CLI measurement across gNBs. Inter-UE CLI measurement resource configuration per measured UE and inter-UE CLI reporting could be exchanged via backhaul signalling. 
Proposal 14: Support to specify information exchange between gNBs for UE-to-UE CLI measurement resource configuration including time/frequency resources and beam indication.
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In R18, RAN1 discussed a list of candidate schemes for inter-gNB CLI handling as potential enhancements of gNB-to-gNB CLI handling. As agreed in RAN plenary #102, down-selection of candidate schemes for R19 work item can be discussed in this R1 #116 meeting. 
As shown in R18 study of system simulation results in TR 38.858, there is a significant impact on the UL performance due to inter-gNB CLI handling. 
In RAN1 #116 meeting, a list of schemes and a summary table of inter-UE CLI handling schemes of proposal 3-2a was captured in R1-2401635 for further discussion in next meeting as below:
	Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.
For future meetings:
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.



	gNB-to-gNB co-channel CLI handling schemes
	Potential specification impact
	Performance evaluation
	Operational details

	Spatial domain based schemes
	Beam nulling
	· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement
· Information exchange of CLI-mitigation request
	Section 7.4.2.1.3 of TR 38.858:
-	Aggressor gNB Tx beam nulling based on gNB-gNB channel measurement has lower or similar mean and 5% DL Average-UPT for all load levels. 
-	Aggressor gNB Tx beam nulling based on gNB-gNB channel measurement has higher or similar mean and 5% UL Average-UPT for all load levels.

Section 3.1.3.2 from R1-2400302 [2]
Observation 4: Beam nulling can significantly reduce the co-channel blocking interference by more than 10 dB. 
Observation 5: Beam nulling can bring clear UL UPT gain for cell edge UEs for all RU cases for both SBFD and dynamic TDD. 
	· Beneficial to reduce blocking
· Two possible measurement procedures
· Alt.1: gNB A performs measurement on the RS transmitted from gNB B and feedback the channel information to gNB A.
· Alt.2: gNB A performs measurement on the RS transmitted from gNB B.
· Potential DL performance degradation due to loss of degrees of freedom in spatial domain
· Signaling overhead of exchanging channel measurement
· For steering vector based beam nulling, aggressor gNB estimates the angles towards victim gNBs and performs nulling towards those angles.

	
	Beam pairing
	· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	No evaluations for SBFD
	· Mainly applicable to FR2
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance
· Potential restriction on gNB scheduler implementation 

	gNB-to-gNB co-channel CLI and/or channel measurement
	· Non-transparent UL resource muting, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH including indication of the muting pattern, potential impact on PUSCH rate-matching and power allocation, collision handling with DMRS/PTRS
· Information exchange of channel measurement
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	Section 7.4.2.2.3 of TR38.858
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has similar mean DL Average-UPT for low and medium load level, lower mean DL Average-UPT for high load level and higher or similar 5% DL Average-UPT for all load levels. 
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has higher mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
	· Beneficial for leakage interference suppression 
· Increase UE implementation complexity, e.g. rate matching, power allocation
· Increased PAPR for DFT-S-OFDM for some UL resource muting patterns
Note: If gNB-to-gNB co-channel CLI and/or channel measurement is used as an enabler for spatial domain based schemes, the operational details for those schemes also applies. 

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· OTA gNB-to-gNB signaling to exchange dynamic scheduling information, e.g. L1 priority
	No evaluations for SBFD
	· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
· Coordinated scheduling in time and frequency domain is only possible at low and medium loads
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance

	Power control based schemes
	UE Tx power control
	· Separate power control parameters in SBFD and non-SBFD symbols
· Apply different UE TX power with/without CLI. UE boost TX power when gNB-gNB CLI is expected.
	Section 2.2.1 from R1-2401296 
Performance evaluation on uplink SINR is provided when adopting uplink power boosting for gNB-to-gNB CLI handling. SBFD slots achieve better uplink SINR with increasing power offset. With a power offset of 10 dB, both SBFD and non-SBFD slots achieve similar uplink SINR. The improvement in uplink SINR due to uplink power boosting results in higher average uplink UPT. Throughput gain of approximately 25% can be achieved when the power offset is equal to 10 dB. The specific required power offset will be difference to different scenarios.

Section 3.1.3.3 from R1-2400302
Observation 6: Power control based solution by increasing the UL transmission power in the sub-band slot can obtain up to 38.7% UL UPT gain for cell edge UEs.
	· Potential impact to DL performance when UL UE is adjacent to UE with DL scheduling
· Same specification impact if separate power control for PUSCH for SBFD and non-SBFD is supported in 9.3.1


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.
To summarize our views on the schemes captured in the table of Proposal 2-2a (gNB-gNB CLI handling) in R1-2401635 for this meeting discussion:
1. We support spatial domain based schemes: Tx/Rx beam nulling for FR1 and beam pairing for FR2. We present the detailed reasonings and proposals in section 3.3. 
Clarification is needed on information exchange of channel measurement and information exchange of CLI-mitigation request.
2. We support CLI and/or channel measurement; however, gNB-to-gNB co-channel CLI and/or channel measurement can be achieved by transparent UL resource muting. 
In addition, we proposed certain changes related to gNB-to-gNB co-channel CLI and/or channel measurement:
Proposal 15: Propose the following changes related to gNB-to-gNB co-channel CLI and/or channel measurement related to Proposal 2-2a (gNB-gNB CLI handling) in R1-2401635:
· Change 1): gNB-to-gNB co-channel CLI and/or channel measurement can be achieved by transparent UL resource muting. And only if non-transparent UL muting is applied, then spec impact will be discussed. 
· Change 2): In addition, we suggest removing last two bullets in potential spec impact column, which shall belong to spatial domain scheme. 
· Change 3): UCI resource determination shall also be captured under potential spec impact for non-transparent UL resource muting. And similar bullets shall be captured for operational details on UE implementation complexity.
The suggested edits are highlighted in yellow:
	gNB-to-gNB co-channel CLI and/or channel measurement
	· If non-transparent UL resource muting is applied, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH including indication of the muting pattern, potential impact on PUSCH rate-matching, UCI resource determination and power allocation, collision handling with DMRS/PTRS
· Information exchange of channel measurement
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	Section 7.4.2.2.3 of TR38.858
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has similar mean DL Average-UPT for low and medium load level, lower mean DL Average-UPT for high load level and higher or similar 5% DL Average-UPT for all load levels. 
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has higher mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
	· Beneficial for leakage interference suppression 
· Increase UE implementation complexity, e.g. rate matching, power allocation, UCI resource determination, collision handling with DMRS/PTRS
· Increased PAPR for DFT-S-OFDM for some UL resource muting patterns
Note: If gNB-to-gNB co-channel CLI and/or channel measurement is used as an enabler for spatial domain based schemes, the operational details for those schemes also applies. 



3. Support coordinated scheduling in time and/or frequency. We present the detailed reasonings and proposals in section 3.2. 
Clarification is needed on OTA gNB-to-gNB signaling to exchange dynamic scheduling information, e.g. L1 priority.
4. Support UE power control based scheme, and we present the detailed reasonings and proposals in section 3.4 and more details in our contribution of agenda 9.3.1.
To summarize our supported schemes:
Proposal 16: Support following schemes in the table:
· Spatial domain based schemes: Tx/Rx beam nulling, beam pairing
· gNB-to-gNB co-channel CLI and/or channel measurement, with transparent UL resource muting
· Coordinated scheduling in time and frequency domain
· UE power control based scheme
In this section, we will present the proposed inter-gNB CLI handling schemes in priority order from our view. 

gNB-to-gNB co-channel CLI measurement and/or channel measurement
In R18, RAN1 agreed that for gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. However, gNB measuring 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 17: Support to specify information exchange between gNBs of NZP CSI-RS and/or SSB resource configurations for gNB-to-gNB co-channel CLI/channel measurement.
In R18 RAN1 meetings, 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. The gain of introducing non-transparent UL resource muting needs further justification. 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 – note in R19 WID, it stated that “coexistence between non-SBFD aware Ues (including legacy Ues) and SBFD aware Ues in the cell operating SBFD at gNB side.” 
Moreover, RAN1 needs to take into consideration the impact on UL waveform in terms of increased PAPR and phase discontinuity across PUSCH symbols, and UE complexity:
1) Non-transparent RE level UL resource muting will potentially lead to non-contiguous UL transmission waveform with higher PAPR, especially for DFT-s-OFDM waveform. 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, see Figure 4‑1. 
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[bookmark: _Ref158036330]Figure 4‑1 Impact of resource muting on the PAPR of QPSK DFT-s-OFDM waveform
2) Additionally, non-transparent RE level UL resource muting may cause UL transmission to have power fluctuation and non-uniform power across symbols in which case phase continuity would not be maintained at the UE across the symbols, e.g., PUSCH symbols overlapping with UL muting pattern will have lower power and experience different PA phase response which breaks phase continuity across the symbols.  
For another example, for PUSCH symbols with PT-RS, UE needs to figure out how to handle the overlap with the RE level UL-muting pattern. For DFT-s-OFDM waveform, PT-RS is inserted in time-domain and any non-transparent UL-muting (puncturing) will negatively impact phase error correction. For CP-OFDM with PT-RS, the non-uniform power across symbols caused by non-transparent UL muting will prevent DMRS and PT-RS symbols to experience same PA phase response.
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Figure 4‑2 Examples on UL-muting pattern overlapping with PT-RS
3) Non-transparent UL-muting may also lead to increased UE implementation complexity and also multiple UL procedures will get impacted. 
For non-transparent UL-muting which is defined for UL rate-matching of both UL-SCH and UCI, we anticipate at least the following specification changes:
· Mapping to virtual resources blocks [38.211, sec 6.3.1.6] needs to be updated, so that in addition to DMRS and PT-RS, we also exclude the muted REs/RBs from the set of available REs/RBs.
· Update definition of the number of PUSCH REs which are available for UCI transmission in the equations in [38.212, sec 6.3.2.4] which are used for determining the number of coded modulation symbols per-layer needed for each UCI type (e.g., HARQ-ACK, CSI-part1, CSI-part2..,etc).
· The configuration and definition of UL-muting pattern need to be captured in [38.214]. DL rate-matching is defined in [38.214, sec 5.1.4].
There could be different spec impact if UL resource muting is achieved by puncturing instead of rate matching. 
Some of the aforementioned issues with RE level UL-muting were also discussed in Rel-15, in the context of whether to allow rate-matching in UL [3]. Based on the fundamental of 5G communications book [3], for DFT-s-OFDM, UL rate-matching was considered not suitable as it leads to increased PAPR, and for CP-OFDM, phase continuity cannot be guaranteed because of the non-uniform symbol power. For UL RB-level transparent muting, it already can be achieved by current spec and gNB scheduling.

Observation 4: 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 benefit for 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 is only for SBFD aware Ues but not legacy Ues. 
· RAN1 needs to take into consideration impact on UL waveform in terms of increased PAPR and phase discontinuity across PUSCH symbols in non-contiguous UL transmissions caused by introducing non-transparent UL resource muting.
· RAN1 needs to take into consideration both spec impact and UE HW/SW complexity for supporting different UL procedures in non-contiguous UL transmissions caused by introducing non-transparent UL resource muting.
· The indication of the muting pattern
· Mapping to virtual resources for PUSCH
· UCI resource determination
· Configuration and definition of UL-muting pattern
· Collision with PTRS and/or DMRS
Proposal 18: Not support RAN1 to introduce non-transparent UL muting for inter-gNB CLI measurement. Transparent UL muting without spec impact can already achieve the purpose for inter-gNB CLI measurement.

Coordinated scheduling for time/frequency resources between gNBs
In R18, RAN1 concluded that it is beneficial of knowledge among gNBs of semi-static SBFD time and frequency configuration.
Proposal 19: Support to specify information exchange between gNBs on semi-static SBFD time and frequency configuration.
Spatial domain coordination method
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 4‑3 Tx/Rx inter-gNB beam-pairs
In R18, RAN1 discussed two examples and our view is that to prioritize example 2:
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, 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 20: For spatial domain coordination, support to specify the information exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) for inter-gNB co-channel CLI management.
· Support to specify 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.
Power control based solution
One possible power-based enhancement for inter-gNB CLI mitigation is that, 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 R18 contribution captured in TR 38.858, 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. May also refer to our paper of agenda 3.3.1 for this RAN1 meeting for related proposals/details.
Proposal 21: 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.
· Support to specify semi-static configured PC parameters with less overhead. 

Adjacent Channel Inter-gNB and Inter-UE CLI handling schemes
The recent RAN-P revised the WID that:
	· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling



For inter-gNB inter-operator adjacent channel CLI handling, considering that RAN1 agreed that SBFD symbols cannot be configured on legacy UL symbols, and with such restriction, there is no inter-gNB CLI for inter-operator adjacent channel on legacy UL symbols. Therefore, there is no impact on UL performance on UL symbols due to inter-gNB inter-operator adjacent channel CLI when restricting SBFD to D symbols and F symbols.
Proposal 22: There is no UL performance impact on UL symbols due to inter-operator adjacent channel inter-gNB CLI when restricting SBFD to D symbols and F symbols. Therefore, there is potentially no need for RAN1 to discuss inter-operator adjacent channel inter-gNB CLI handling schemes.
For inter-gNB and inter-UE intra-operator adjacent channel CLI handling, some co-channel CLI schemes can be leveraged as baseline.
Proposal 23: Open to discuss schemes for resolving intra-operator adjacent channel CLI based on the co-channel CLI handling schemes as baseline.
Conclusion
Observation 1: L1/L2 based inter-UE CLI measurement and reporting is beneficial for faster CLI aware gNB scheduling and intra-cell DL/UL UE pairing for SBFD operation.
Observation 2: L1/L2 based inter-UE CLI measurement and reporting is beneficial for CLI aware compatible beam/beam pair identification and selection.
Observation 3: L1/L2 based inter-UE CLI measurement and reporting is beneficial for latency reduction, from L3 based ~80ms reduced to L1 based ~1ms of latency.
Observation 4: 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 benefit for 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 is only for SBFD aware Ues but not legacy Ues. 
· RAN1 needs to take into consideration impact on UL waveform in terms of increased PAPR and phase discontinuity across PUSCH symbols in non-contiguous UL transmissions caused by introducing non-transparent UL resource muting.
· RAN1 needs to take into consideration both spec impact and UE HW/SW complexity for supporting different UL procedures in non-contiguous UL transmissions caused by introducing non-transparent UL resource muting.
· The indication of the muting pattern
· Mapping to virtual resources for PUSCH
· UCI resource determination
· Configuration and definition of UL-muting pattern
· Collision with PTRS and/or DMRS

Proposal 1: Propose the modify the spec impact of L1 based UE-to-UE CLI measurement and reporting on Alt 1 and Alt 3 as:
· UCI bits generation similar as L1 beam reporting
· Priority rules for CSI reports
· Single CPU occupation
· Timeline similar as L1 beam reporting.
Proposal 2: Propose the following down selected inter-UE and inter-gNB CLI handling schemes to be specified in R19 work item:
Inter-UE CLI handling schemes:
· L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework – with preferred Alt 1.
· Rx beams configuration (QCL-D) configured per CLI measurement resource.
· Rx beams configuration (QCL-D) configured per CLI measurement resource for L3 UE-to-UE CLI measurement enhancement.
· L2 event triggered UE to UE CLI measurement and reporting.
Inter-gNB CLI handling schemes:
· Beam nulling
· Beam pairing.
· Coordinated scheduling in time and/or frequency.
Proposal 3: Propose RAN1 to specify SBFD specific inter-subband CLI measurement and reporting in R19 work item to support SBFD operation.
Proposal 4: Support to specify CLI measurement method #1 as baseline, additionally support method #2/3.
· FFS: Method #4 at least with a UE capability.
Proposal 5: For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI only at RSSI frequency resources within DL usable PRBs
· Method#2: UE measures RSRP of aggressor UE only at SRS-RSRP frequency resources within UL usable PRBs but within DL BWP
· Method#3: UE measures RSSI only at CLI-RSSI frequency resources within UL usable PRBs but within DL BWP
· Method#4: UE measures RSSI within guard band, if guard band exists only at CLI-RSSI frequency resources outside the DL and UL usable PRBs but within DL BWP.
Proposal 6: For CLI-RSSI measurements within DL subband, support to discuss Alt #1 and Alt #3. 
Proposal 7: For Alt#3, UE implicitly determines the non-contiguous frequency resources for CLI-RSSI measurement in the DL subband(s). The non-contiguous CLI frequency resource could implicitly be determined by the UE by excluding some frequency resources based on SBFD indication. 
Proposal 8: For Alt#3, when UE is configured to measure and report CLI-RSSI based on non-contiguous CLI-RSSI resource in SBFD symbols, the UE may report single wideband RSSI measurement or per-DL-subband CLI-RSSI measurements.
Proposal 9: Propose certain changes related to L1/L2 based UE-to-UE co-channel CLI measurement and reporting related to Proposal 3-2a (UE to UE CLI handling) of R1-2401635:
· Change 1) We suggest having L1/L2 based UE-to-UE co-channel CLI measurement and reporting under scheme of “UE-to-UE co-channel CLI measurement and reporting” instead of “coordinated scheduling”. Because for intra-cell L1/L2 based UE-to-UE co-channel CLI measurement and reporting, it does not require coordinated scheduling between gNBs for UE-to-UE co-channel CLI measurement and reporting.
· Change 2) In addition, we suggest separating L1/L2 based UE-to-UE co-channel CLI measurement and reporting schemes to at least two schemes: CLI either explicitly captured in SRS, CLI-RSSI and/or implicitly captured in CQI, L1-SINR with adding CLI IMR. The table captures both schemes; however, the two schemes indeed have different spec impact. For example, if CLI is implicitly captured, then there shall be no spec impact on report quantity, UCI multiplexing, CPU computation rule and timeline.
· Change 3) Lastly, operational details shall capture “facilitate gNB adjusting UE scheduling” in first bullet as it was captured in TR 38.858 together with short term interference measurement and low latency. 
The suggested edits are highlighted in yellow:
	UE-to-UE co-channel CLI handling schemes
	Potential specification impact
	Performance evaluations
	Operational details

	UE-to-UE co-channel CLI measurement and reporting
	· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· Measurement resources
· Implicitly scheme: Periodic, semi-persistent, or aperiodic, e.g., CLI-IMR
· Explicit scheme: Periodic, semi-persistent, or aperiodic, e.g., SRS-RSRP, CLI-RSSI
· Measurement reporting:
· Implicitly scheme: reuse CQI, L1-SINR as in current spec 
· Explicit scheme: reporting quantity, e.g., SRS-RSRP, CLI-RSSI
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Subband CLI reporting 
· UCI multiplexing priority rule, CPU occupation rule, timeline and related UE behavior
	Section 7.4.3 of TR 38.858
Coordinated scheduling based on L3 UE-UE CLI measurement has similar DL average-UPT gain compared to coordinated scheduling based on L1 UE-UE CLI measurement for all load levels.

Section 2.2.1 of R1-2400689 [11]
· The use of a L1/L2 measurement and reporting (Scheme 2) provides the gNB with a more accurate picture of current UE-to UE CLI, allowing the gNB to carefully select an optimal pairing of downlink and uplink Ues that minimizes the impact of UE-to-UE CLI on downlink Ues. This in turn improves downlink performance when compared to Scheme 1 – loss drops from 38% to 15.5% for low load, and from 47% to 28% for medium load, respectively.  
	· L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement and low latency and facilitate gNB adjusting UE scheduling.
· The above does not imply that L3 based measurement and reporting cannot be used for similar purposes.



Proposal 10: Support following schemes in the table:
· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· coordinated scheduling in time and frequency domain
· Rx beam configuration for the L1/L2/L3 based UE-to-UE CLI measurement
· UE power control based scheme
Proposal 11: Support RAN1 specification of enhancements of co-channel CLI measurement and reporting in R19 work item:
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic reporting.
· Use existing CSI framework as the baseline
Proposal 12: RAN1 considers specifying one or both schemes for CLI measurement and report: 
· Scheme 1: 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 
· Scheme 2: 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
Proposal 13: Support RAN1 to specify 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, as enhancement of CLI measurement and reporting.
Proposal 14: Support to specify information exchange between gNBs for UE-to-UE CLI measurement resource configuration including time/frequency resources and beam indication.
Proposal 15: Propose certain changes related to gNB-to-gNB co-channel CLI and/or channel measurement related to Proposal 2-2a (gNB-gNB CLI handling) in R1-2401635:
· Change 1): gNB-to-gNB co-channel CLI and/or channel measurement can be achieved by transparent UL resource muting. And if non-transparent UL muting is applied, then spec impact will be discussed. 
· Change 2): In addition, we suggest removing last two bullets in potential spec impact column, which shall belong to spatial domain scheme. 
· Change 3): UCI resource determination shall also be captured under potential spec impact for non-transparent UL resource muting. And similar bullets shall be captured for operational details on UE implementation complexity.
The suggested edits are highlighted in yellow:
	gNB-to-gNB co-channel CLI and/or channel measurement
	· If non-transparent UL resource muting is applied, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH including indication of the muting pattern, potential impact on PUSCH rate-matching, UCI resource determination and power allocation, collision handling with DMRS/PTRS
· Information exchange of channel measurement
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	Section 7.4.2.2.3 of TR38.858
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has similar mean DL Average-UPT for low and medium load level, lower mean DL Average-UPT for high load level and higher or similar 5% DL Average-UPT for all load levels. 
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has higher mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
	· Beneficial for leakage interference suppression 
· Increase UE implementation complexity, e.g. rate matching, power allocation, UCI resource determination, collision handling with DMRS/PTRS
· Increased PAPR for DFT-S-OFDM for some UL resource muting patterns
Note: If gNB-to-gNB co-channel CLI and/or channel measurement is used as an enabler for spatial domain based schemes, the operational details for those schemes also applies. 



Proposal 16: Support following schemes in the table:
· Spatial domain based schemes: Tx/Rx beam nulling, beam pairing
· gNB-to-gNB co-channel CLI and/or channel measurement, with transparent UL resource muting
· Coordinated scheduling in time and frequency domain
· UE power control based scheme
Proposal 17: Support to specify information exchange between gNBs of NZP CSI-RS and/or SSB resource configurations for gNB-to-gNB co-channel CLI/channel measurement.
Proposal 18: Not support RAN1 to introduce non-transparent UL muting for inter-gNB CLI measurement. Transparent UL muting without spec impact can already achieve the purpose for inter-gNB CLI measurement.
Proposal 19: Support to specify information exchange between gNBs on semi-static SBFD time and frequency configuration.
Proposal 20: For spatial domain coordination, support to specify the information exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) for inter-gNB co-channel CLI management.
· Support to specify 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.
Proposal 21: 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.
· Support to specify semi-static configured PC parameters with less overhead. 
Proposal 22: There is no UL performance impact on UL symbols due to inter-operator adjacent channel inter-gNB CLI when restricting SBFD to D symbols and F symbols. Therefore, there is potentially no need for RAN1 to discuss inter-operator adjacent channel inter-gNB CLI handling schemes. 
Proposal 23: Open to discuss schemes for resolving intra-operator adjacent channel CLI based on the co-channel CLI handling schemes as baseline.
References
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