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A work item on Evolution of NR duplex operation has been approved for Rel.19. One of objectives is to enhance gNB-to-gNB/UE-to-UE CLI handling for common for both SBFD and dynamic/flexible TDD. This document provides our view on the objective.
Discussion
gNB-to-gNB co-channel CLI handling scheme
UL resources muting for gNB-to-gNB CLI measurement 
	TR38.858 8.3.1 gNB-to-gNB co-chennel CLI measurement and/or channel measurement
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)



In order to accurately measure the gNB-to-gNB CLI, victim gNB should measure the gNB-to-gNB CLI without interference from UL (from UE served in victim gNB) using muting resources. For example, when victim gNB measures SSB from aggressor gNB, victim gNB can mute UL resource corresponds to SSB. In other usage, UL resources muting can also be used to avoid the gNB-to-gNB CLI from specific DL signal(s)/channel(s). The following descriptions are the characteristics of UL resources muting in transparent UL resource muting and non-transparent UL resource muting methods.
· Option 1: Transparent UL resource muting method 
· UL resource muting can be allocated by gNB scheduling. The following Figure 1(a) shows an example of symbol/RB level UL resources muting allocation in transparent UL resource muting method. Symbol level UL resource muting is that all RBs in symbol are muted such as symbol #5, i.e., nothing is allocated in this symbol. RB level UL resources muting is that RBs in multiple symbols are muted such as RB #1. Therefore, symbol/RB level UL resources muting can be realized by gNB scheduling. 
· Option 2: Non-transparent UL resource muting method 
· UL resource muting can be allocated by gNB indication (e.g., indicating the unavailable resource for PUSCH). The following Figure 1(b) shows an example of RB/RE level UL resource muting allocation in non-transparent UL resource muting method. RB level UL resource muting is that some of the RB in symbol are muted such as symbol #8. RE level UL resource muting means is that some of the REs in RB are muted such as symbol #11. If RB/RE level resources muting can be allocated with PUSCH such as Figure 1(b), the total transit power or PSD among symbols within PUSCH varies with and without muting (in following right figure, total transit power or PSD among symbol#8 and #9 varies). It has the issue for higher order QAM reception and the required backoff in PA is increased if PA setting is same over a PUSCH. It means UE implementation and gNB reception of the data are more complex.
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[bookmark: _Ref131422916]Figure 1 Example of UL resources muting in UE transparent and non-UE transparent schemes

Observation 1: When the number of RE in PUSCH allocation varies between symbols in non-transparent UL resource muting method, UE design becomes more complex since the total transit power or PSD among symbols within PUSCH varies with and without muting.
Proposal 1: For UL muting resource for gNB-to-gNB CLI measurement, transparent UL resource muting method should be supported.

Coordinated scheduling for time/frequency resources between gNBs 
	TR38.858 8.3.2 Coordinated scheduling for time/frequency resources between gNBs
For CLI handling based on coordinated scheduling for time/frequency resource, RAN1 discussed potential exchange of information among gNBs on intended TDD UL-DL configuration, SBFD time/frequency configuration.
TR38.858 8.4.2 Coordinated scheduling for time/frequency resources between gNBs
For CLI handling based on coordinated scheduling for time/frequency resource, RAN1 discussed potential exchange of information among gNBs on intended TDD UL-DL configuration, SBFD time/frequency configuration.



The exchange of SBFD time and frequency configuration would be beneficial to reduce/avoid gNB-to-gNB/UE-to-UE CLI. gNB can adjust DL/UL scheduling (e.g., gNB can schedule to assign for the UEs with low CLI at the same time.) to avoid gNB-to-gNB/UE-to-UE CLI since gNB can assume gNB-to-gNB/UE-to-UE CLI occurrence by exchange of SBFD time and frequency configuration. In Rel.16, gNB coordination for CLI management by exchanging intended TDD DL-UL configurations (IntendedTDD-DL-ULConfiguration-NR defined in TS38.423) over Xn/F1 interfaces was supported. Therefore, SBFD time and frequency configuration can be exchanged over Xn/F1 interfaces (e.g., SBFD time and frequency configuration can be configurable in IntendedTDD-DL-ULConfiguration-NR).
Proposal 2: For gNB-to-gNB/UE-to-UE CLI handling, exchange of SBFD time and frequency configuration over Xn/F1 interfaces should be support.

UE-to-UE co-channel CLI handling
Mechanism of L1-based CLI measurement and reporting
	TR38.858 8.4.1 UE-to-UE co-channel CLI measurement and reporting
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, the following measurement and report framework are studied.
· Use existing CSI framework as the baseline.
· Others are not precluded.




For reusing CSI report framework, CLI measurement metrics can be reported in conjunction with other CSI measurement metrics, i.e., SRS-RSRP or CLI-RSSI is mapped to UCI bits together with other CSI report. The following Figure 2 is an example of conjunction with CSI report for UCI bit sequence generation. Multiple CSI reports and CLI reports are mapped to the UCI bit sequence (). Multiple measurement results corresponding to measurement resources can be included in one report (e.g., CLI report in Figure 2).  The right table in Figure 2 shows the mapping order of report fields (e.g., CLI fields) of one CLI report (e.g., CLI report #m). CLI fields in CLI report consist of measurement values (i.e., SRS-RSRP/CLI-RSSI and/or differential SRS-RSRP/CLI-RSSI) and CLI measurement resource ID (e.g., SRS resource/resource set ID and CLI-RSSI resource ID). For example, when UE measures multiple SRS resource for UE-to-UE CLI measurement and report up to top (or bottom) k SRS-RSRP, CLI field consists of k SRS-RSRP (and/or differential SRS-RSRP) in descending (or ascending) order and SRS resource ID. Then, the first SRS-RSRP corresponds to the first SRS ID. gNB can adjust DL/UL scheduling using CLI report. When UE reports top k SRS-RSRP/CLI-RSSI in descending order, gNB can schedule to avoid UEs with large CLI. When UE reports bottom k SRS-RSRP/CLI-RSSI in ascending order, gNB can schedule to assign for the UEs with low CLI. 
In SBFD operation, assuming the case where there can be many aggressor UEs around the victim UE (because aggressor UEs are in the same cell as the victim UE), UCI overhead would be a potential issue. Therefore, details of CLI measurement metrics need to be studied such as report fields of SRS-RSRP/CLI-RSSI in CSI report and configuration of SRS-RSRP/CLI-RSSI resource for CSI report.
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[bookmark: _Ref131581399]Figure 2 Example of conjunction with CSI report

Proposal 3: The following should be discussed for L1-based CLI reporting:
· Conjunction between CLI measurement metrics and CSI measurement metrics
· Report fields of SRS-RSRP/CLI-RSSI for CLI report

Aperiodic UE-to-UE CLI measurement and reporting
	TR38.858 8.4.1 UE-to-UE co-channel CLI measurement and reporting
For the purpose of UE-to-UE CLI mitigation, the following potential enhancements are considered:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.



When aperiodic CLI measurement and reporting are used, the overhead of CLI measurement resource and reporting resource can be reduced compared with periodic and semi-persistent CLI measurement and reporting. However, triggering mechanism for aperiodic CLI measurement and reporting was not discussed in detail. The following options can be considered for the triggering method of aperiodic CLI measurement and reporting.
· Option 1: Triggering method using UE specific DCI
· Option 1-1: Reusing the trigger field for existing CSI report
· The triggering mechanism for existing CSI report is reused, i.e., CSI request field for existing CSI report can be reused for CLI trigger field. gNB can trigger report/resource configuration for aperiodic CLI reporting using CSI request field in DCI. UE measures and reports using the resource/report configuration activated by DCI. The following Figure 3 is an example of Option 1-1. CSI request field activates one or multiple report configuration in “aperiodicTriggerStateList”. (a) in Figure 3 is DCI format 0_1 for trigger of aperiodic CSI report. (b) in Figure 3 is DCI format for trigger of aperiodic CLI report. For example, when CSI request field in DCI format 0_1 is “2”, second "associatedRportConfigInfoList" in "aperiodicTriggerStateList" is activated. UE that receives DCI format 0_1 measures and reports using the resource/report configuration in activated “associatedReportConfigInfoList”. Therefore, aperiodic CSI report configuration of aperiodic CSI report can be reused for aperiodic CLI report. The specification impact is small since the existing CSI report framework (e.g., CSI request field, resource/report configuration and so on) can be reused. To extend the existing CSI report field can be also categorized in this option.
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[bookmark: _Ref142487028]Figure 3 Example of Option 1-1
· Option 1-2: Introducing the new trigger field for CLI report
· The new triggering field for CLI report is introduced. gNB can trigger report/resource configuration for aperiodic CLI reporting using new triggering field (e.g., CLI trigger field) in DCI. The following Figure 4 is an example of Option 1-2. (a) in Figure 4 is existing aperiodic CSI report trigger and resource/report configuration. (b) in Figure 4 is aperiodic CLI report trigger and resource/report configuration. In Option 1-2, new aperiodic CLI report configuration (e.g., "aperiodicCLITriggerStateList") needs to be defined.
[image: グラフィカル ユーザー インターフェイス が含まれている画像
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[bookmark: _Ref142486981]Figure 4  Example of Option 1-2

· Option 2: Triggering method using group common DCI (GC-DCI)
· This is used for indication for aperiodic CLI report and/or aperiodic SRS transmission to one or more UEs. gNB can trigger report/resource configuration for aperiodic CLI reporting to multiple UEs using group common (GC) DCI. The following Figure 5 is an example of GC-DCI field. GC-DCI field is divided into multiple blocks (e.g., block number 1, block number 2, …). Aperiodic CLI trigger field and/or SRS request field are defined for each block. UE is configured the “startingBitOfFormatX-X”, which indicates the starting bit position of block within GC-DCI, by RRC. When aperiodic CLI report trigger occurs frequently (e.g., the number of UE is large), GC-DCI can be used effectively. The signaling overhead for DCI can be reduced. However, how to schedule of reporting resources (e.g., PUSCH resource) need to be clarified.
[image: 四角形

中程度の精度で自動的に生成された説明]
[bookmark: _Ref142486965]Figure 5 Example of Option 2

Proposal 4: Triggering mechanism for aperiodic CLI measurement and reporting should be discussed.

Subband-based CLI measurement and reporting for UE-to-UE CLI handling
In RAN1#112bis-e, the following proposal was discussed but not agreed.
	Moderator Proposal #21-3 (1)-1
Study subband measurement and reporting for L1/L2 based UE-to-UE co-channel CLI measurement and report.
Note: the term ‘subband’ means finer frequency granularity of CLI.



UE-to-UE CLI leakage can be non-uniform distribution in frequency domain (orange line in Figure 6). In SBFD operation, DL subband can be affected by non-uniform CLI leakage from adjacent UL subband. In dynamic/flexible TDD operation, DL can be affected by non-uniform CLI leakage from UL transmitted by other cell in adjacent channel. In other case, when DL symbols overlap with UL subband in SBFD symbols in other cell, DL can be affected by non-uniform CLI leakage from UL subband. Rel.16 CLI framework only support wideband-based CLI measurement and reporting (i.e., does not support subband-based CLI measurement and reporting). Rel.16 CLI measurement and reporting are not suitable for reporting non-uniform CLI leakage. Therefore, subband-based CLI measurements and reporting need to be studied. For subband-based CLI measurement, CLI measurement bandwidth can be divided into multiple subbands and UE-to-UE CLI is measured in each subband (blue line in Figure 6). For subband-based CLI reporting, multiple measurement results corresponding to subband can be included in one report. If UE reports the information of non-uniform CLI (e.g., locations of large CLI values in the frequency domain), gNB can determine MCS and allocate DL considering the non-uniform CLI leakage. In order to report CLI values for multiple subbands, how to reduce UCI overhead needs to be discussed.
Proposal 5: Subband-based CLI measurement and reporting for UE-to-UE CLI handling should be supported.
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[bookmark: _Ref131581634]Figure 6 Example of subband-based CLI measurement and reporting

Beam-based CLI measurement and reporting for spatial domain enhancements for UE-to-UE CLI measurement and reporting
	TR38.858 8.4.3 Spatial domain coordination method
RAN1 studied coordinating the transmissions of aggressor UEs and the reception of victim UEs in the spatial domain.
This may require victim UE to measure CLI with different Rx beams for different Tx beams from aggressor UE. The performance impact is not evaluated in RAN1.



Some companies proposed the beam-based UE-to-UE CLI measurement using multiple Tx beams for aggressor UE and multiple Rx beams for victim UE. For example, Tx beams for aggressor UE can be configured and represented by SRS resource ("spatialRelationInfo”), UL TCI states or joint DL/UL TCI states. And Rx beams for victim UE can be indicated by TCI states, with assumption of DL/UL beam correspondence. For UE-to-UE CLI mitigation in the spatial domain, gNB can properly determine UL transmission beam of aggressor UE and DL reception beam of victim UE considering UE-to-UE CLI measurement results and avoid the UE “paring” that leads to large CLI. gNB can transmit DL to victim UE using TCI state with low CLI. On the other hand, the overhead is increased when all combinations of Tx beams of aggressor UE and Rx beams of victim UE are measured, e.g., the transmission overhead is increased since aggressor UE needs to transmit multiple SRS for each different Tx beams and the measurement and reporting overhead are increased since victim UE needs to measure multiple SRS for each different TCI states.
Therefore, focusing measurement more on the receiving beams at victim UE side can be more practical and reduce the overhead, which is represented by only by TCI states. Then, to further limit the TCI states to measure may lower down the UE complexity and power consumption. Minimally, the CLI occurring in the current applied or activated TCI state(s) used for the reception of the UEs in the serving cell is more important for serving gNB. Therefore, for UE-to-UE CLI measurement, Tx beam of aggressor UE may be transparent to UE and only TCI states of victim UE for PDSCH reception could be also valid with less overhead. 
Proposal 6: Beam-based UE-to-UE CLI measurement should be discussed considering the system/measurement/reporting overhead, UE complexity and necessity of limiting TCI states.


Conclusion
In this contribution, we made the following observation and proposals. 
Observation 1: When the number of RE in PUSCH allocation varies between symbols in non-transparent UL resource muting method, UE design becomes more complex since the total transit power or PSD among symbols within PUSCH varies with and without muting.
Proposal 1: For UL muting resource for gNB-to-gNB CLI measurement, transparent UL resource muting method should be supported.
Proposal 2: For gNB-to-gNB/UE-to-UE CLI handling, exchange of SBFD time and frequency configuration over Xn/F1 interfaces should be support.
Proposal 3: The following should be discussed for L1-based CLI reporting:
· Conjunction between CLI measurement metrics and CSI measurement metrics
· Report fields of SRS-RSRP/CLI-RSSI for CLI report
Proposal 4: Triggering mechanism for aperiodic CLI measurement and reporting should be discussed.
Proposal 5: Subband-based CLI measurement and reporting for UE-to-UE CLI handling should be supported.
Proposal 6: Beam-based UE-to-UE CLI measurement should be discussed considering the system/measurement/reporting overhead, UE complexity and necessity of limiting TCI states.
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