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1. Introduction
At the RAN#102 meeting, a new WID on “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” was approved [1]. The detailed objectives are as follows.

	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· 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)



In this contribution, we discuss potential enhancements on CLI handling for SBFD.

2. gNB-to-gNB CLI handling schemes
Potential gNB-to-gNB CLI handling schemes were discussed at the RAN1#116 and #116bis meetings, and the down-selection will be done from following candidate solutions.

· Spatial domain based schemes
· UL resource muting schemes
· Coordinated scheduling in time and/or frequency

2.1. Spatial domain based schemes
At the RAN1#116bis meeting, following agreements were made for spatial domain based schemes [2].
	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



gNB-to-gNB CLI could potentially be severe, especially when the direction of antenna beam at aggressor gNB for transmission is matching with the direction of antenna beam at victim gNB for reception, as shown in Fig.1. Therefore, measurement configuration with gNB’s spatial domain information would be important for the CLI measurement.

In addition to utilizing the CLI measurement results with aggressor / victim gNB’s spatial domain information, spatial domain coordination method should be considered as well, and two schemes, beam nulling and beam paring, are captured in the table. For both solutions, aggressor or victim gNB may create optimized beam pattern or select desired beam to avoid severe gNB-to-gNB CLI. Concerning to the operation of CLI handling for spatial domain, following two options can be considered.

Option 1: Dynamic information exchange for spatial domain CLI handling 
· As the information exchange of channel information or preferred / non-preferred beams, instantaneous time/spatial information is dynamically exchanged to apply the specific gNB beam to the specific time resource, e.g. aggressor gNB may avoid to select beam #a2 for the time resource when beam v#2 is selected at victim gNB as shown in Fig.1. Thus, optimized CLI handling for spatial domain coordination can be realized. On the other hands, large signaling overhead and large impact to gNB scheduler are concerned.

Option 2: Semi-static information exchange for spatial domain CLI handling
· The channel information or preferred / non-preferred beams is semi-statically exchanged, and aggressor or victim gNB may apply or avoid the specific beam accordingly. Thus, large signaling overhead and large impact on gNB scheduler can be avoided in this option. On the other hands, performance gain from special domain CLI handling is lower than that of Option 1.

Although the information exchange and coordination are beneficial, spatial domain coordination method should be carefully considered with its signaling overhead and implementation complexity such as impact to gNB scheduler in addition to the performance gain with CLI schemes. We prefer to take semi-static information exchange because of expecting lower signaling overhead, lower implementation complexity and reasonable CLI handling gain. 

Proposal 1: Semi-static information exchange for spatial domain CLI handling i.e., beam nulling and beam pairing should be supported.
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Figure 1. Example of gNB-to-gNB CLI.

2.2. UL resource muting schemes
At the RAN1#116bis meeting, following agreement was made for UL resource muting schemes [2].

	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.



Non-transparent UL resource muting has been discussed and it can be considered in some specific scenarios, e.g., when the victim gNB needs to perform the CLI measurement immediately once it receives the information of CLI measurement resource, where there may not be enough time to re-configure UL channels/signals to create the resource for CLI measurement. Otherwise, transparent UL resource muting, which can be the potential solution for the most of scenarios with no specification impact, can be used. Thus, unless specific scenarios as above are critical for the gNB-to-gNB CLI measurement, non-transparent UL resource muting is not so necessary. In our view, immediate CLI measurement is motivated only when dynamic CLI handling scheme is available. However, as we proposed in section 2.1, semi-static CLI handling scheme can achieve lower signaling overhead, lower implementation complexity and reasonable CLI handling gain. Therefore, we don’t see the need of non-transparent UL resource muting.

Proposal 2: Non-transparent UL resource muting scheme should not be supported.


2.3. Coordinated scheduling in time and/or frequency
At the RAN1#116bis meeting, following agreement was made for coordinated scheduling in time and/or frequency domain [2].
	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



Exchange of TDD configuration information among gNBs was introduced in Rel-16 for CLI handling, and the information is beneficial for gNB scheduling to avoid CLI. The TDD configuration will be extended to support SBFD operation in Rel-19, and hence the information exchange should be enhanced with supporting SBFD configuration.

Proposal 3: Information exchange of semi-static cell-specific SBFD time and frequency location configuration should be supported.


3. UE-to-UE CLI handling schemes
Potential UE-to-UE CLI handling was discussed at the RAN1#116 and #116bis meetings, and the down-selection will be done from following candidate solutions.

· L1 based UE-to-UE CLI measurement and reporting
· Subband based CLI measurement and reporting
· Spatial domain based schemes

3.1. L1 based UE-to-UE CLI measurement and reporting
At the RAN1#116bis meeting, following agreement was made for L1 based UE-to-UE CLI measurement and reporting scheme [2].
	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.



In the SBFD operation, interference level on resources may vary dynamically especially at UE side, e.g., according to the transmission direction (UL or DL) based on the traffic for aggressor UE. Therefore, L1 based CLI measurement and reporting are beneficial to obtain the latest instantaneous interference level on the resources. In addition, the timeline of the measurement and reporting is important factor to obtain the dynamically changing interference information. In order to minimize the reporting delay, flexible configuration of the measurement and reporting would be necessary.

Proposal 4: L1 based UE-to-UE CLI measurement and reporting should be supported to obtain the instantaneous interference information.

Regarding the details of L1 based UE-to-UE CLI measurement and reporting, Alt.1 has larger specification impacts than Alt.2. Alt.2 also works as gNB can identify aggressor/victim UE based on existing report quantities and scheduling information, e.g., UE reporting lower CQI/L1-SINR would be victim, and UE scheduled with nearby resource with victim UE would be aggressor. Therefore, Alt.2 should be downselected with considering the advantage of L1 based scheme and specification impact.

Proposal 5: Alt.2 should be downselected with considering advantage of L1 based scheme and specification impact.

3.2. Subband based CLI measurement and reporting
At the RAN1#116 meeting, following agreement was made for CLI measurements within active DL BWP [3].
	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.



Methods#1 is the straightforward approach to identify the CLI level at DL subbands. Methods #2 and #3 can be used to identify presence of aggressor UE’s transmission, and potential advantage of methods #2 and #3 is that simultaneous DL reception at DL subband and RSRP/RSSI measurement at UL subband may be possible. On the other hand, timing misalignment between DL reception at DL subband and RSRP/RSSI measurement at UL subband may be an issue to realize simultaneous reception/measurement. In addition, how to estimate the actual CLI level at DL subbands based on RSSI/RSRP measured within UL subband / guard band (Method#4) is unclear, and gNB may be able to identify aggressor UE based on it’s scheduling information and CLI measurement result at victim UE even based on Method#1. Therefore, we think Method#1 should be considered.

Proposal 6: Method #1: UE measures RSSI within DL subband should be considered for CLI measurement within active DL BWP.

For the enhancement of CLI reporting, following three alternatives were proposed by FL. Different interference level at each DL subband is expected, so that separate CLI-RSSI measurement and reporting in each DL subband should be considered.

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

Proposal 7: Separate CLI-RSSI measurement in each DL subband should be considered.

3.3. Spatial domain based schemes
Example of UE-to-UE CLI is shown in Fig.2, and if the direction of antenna beams of aggressor UE1 is matching with that of victim UE0, e.g. “beam b” is the selected best beam of UE0 for DL reception, it is possible that UE1’s UL signal may cause strong CLI to UE0’s DL reception. On the other hand, if UE0 uses “beam c” for DL reception, which is the 2nd best beam but sufficient DL received power is expected, it could achieve better DL reception performance than the case of “beam b” thanks to reduced CLI. In order to realize the operation, victim UE may report CLI measurement results with spatial domain information. Therefore, interference management with spatial domain can be considered as a potential enhancement of UE-to-UE CLI. 

Proposal 8: Spatial domain coordination method such as based on report of CLI measurement results with spatial domain information should be considered.
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Figure 2. Example of UE-to-UE CLI.


4. Inter-operator adjacent channel CLI handling
CLI handling schemes for inter-operator adjacent channel was discussed at the RAN1#116bis meeting. Potential solution to introduce SBFD with considering inter-operator adjacent channel CLI is negotiating DL/UL resource pattern among operators and/or introducing regulation for SBFD operation, e.g. limitation of interference level at adjacent channel. Since operators may not have the information of measurement and reporting at adjacent channel operated by other operators, CLI handling schemes with exchanging information of measurement and reporting is not applicable. One possible solution can be the CLI measurement with RSSI which is not necessary to have the information of measurement and reporting. Once large CLI-RSSI is observed on a resource/beam at gNB or UE, gNB would avoid scheduling for the resource/beam irrespective of co-channel/adjacent channel CLI as it cannot be distinguished by CLI-RSSI anyway. Therefore, CLI-RSSI measurement especially on DL subbands (that is closer to adjacent channel than UL subband or guard band) could be possible solution applicable to both co-channel and adjacent channel CLI handling.

Observation 1: CLI handling schemes with exchanging information of measurement and reporting is not applicable for inter-operator adjacent channel CLI handling, and one possible solution can be CLI measurement with RSSI.


5. Conclusion
In this contribution, we discussed potential enhancements on CLI handling for SBFD. Based on the discussion we made the following proposals.

gNB-to-gNB CLI handling schemes
Proposal 1: Semi-static information exchange for spatial domain CLI handling i.e., beam nulling and beam pairing should be supported.

Proposal 2: Non-transparent UL resource muting scheme should not be supported.

Proposal 3: Information exchange of semi-static cell-specific SBFD time and frequency location configuration should be supported.

UE-to-UE CLI handling schemes
Proposal 4: L1 based UE-to-UE CLI measurement and reporting should be supported to obtain the instantaneous interference information.

Proposal 5: Alt.2 should be downselected with considering advantage of L1 based scheme and specification impact.

Proposal 6: Method #1: UE measures RSSI within DL subband should be considered for CLI measurement within active DL BWP.

Proposal 7: Separate CLI-RSSI measurement in each DL subband should be considered.

Proposal 8: Spatial domain coordination method such as based on report of CLI measurement results with spatial domain information should be considered.

Inter-operator adjacent channel CLI handling
Observation 1: CLI handling schemes with exchanging information of measurement and reporting is not applicable for inter-operator adjacent channel CLI handling, and one possible solution can be CLI measurement with RSSI.
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