3GPP TSG RAN WG1#117                              R1- 2404818
[bookmark: _GoBack]Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	9.3.3
Source:	Transsion Holdings
[bookmark: OLE_LINK9]Title:	Discussion on SBFD CLI operation
Document for:	Discussion and decision

[bookmark: _Ref494215420]Introduction
In RAN#103 meeting, the WID of duplex operation had been revised: [1]
	4.1	Objective of Core part WI
The objectives are as follows:
......
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE 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. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
......
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In this contribution, we focus on the SBFD CLI operation, including the UE-to-UE CLI handling schemes and gNB-to-gNB CLI handling schemes.

Discussion
UE-to-UE CLI handling schemes
Four kinds of schemes for UE-to-UE CLI handling are provided in RAN1#116 meeting [2], i.e., spatial domain based schemes, UE-to-UE co-channel CLI measurement and reporting, coordinated scheduling in time and/or frequency based schemes, and power control based schemes. 
	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.



In the current specification, the Rx beam for UE-to-UE CLI measurement is up to UE implementation. Therefore, the Rx beam used for CLI measurement may not be suitable for future scheduling. However, for L3 CLI measurement, the CLI measurement results cannot reflect the interference level at the beam level. Hence, CLI mitigation at the beam level is not possible with the current CLI handling framework. However, if gNB can obtain the Rx beam information for the CLI RS, then the gNB can conduct CLI handling at the beam level, which would mitigate the CLI. To support the beam-level CLI handling scheme, Rx beam configuration can be configured for the L1/L2 based UE-to-UE CLI measurement.
Proposal 1: Support Rx beam configuration for the L1/L2 based UE-to-UE CLI measurement.
 
To achieve the coordinated scheduling among gNBs, the beam-level UE-to-UE CLI measurement results should be obtained at gNB side. Therefore, the information of measurement resource configuration and/or measurement reports should be exchanged between gNBs. In addition, the information exchange of semi-static SBFD time and frequency configuration between gNBs is necessary. Regarding the measurement resource, periodic measurement can provide timely CLI measurement results when appropriate measurement periodicity is configured. Additionally, aperiodic measurement can be used as a complementary means to periodic measurements when they are not sufficiently accurate. For example, a gNB may initiate aperiodic measurements when more accurate interference measurements are required. 
Three alternatives of schemes for UE-to-UE CLI handling are provided in last meeting [3], 
	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.



The UE-to-UE CLI handling requires gNB scheduling coordination and UE identification is necessary. Regarding Alt.1, it is possible to identify the aggressor UE by the measurement resource, which allows the gNB to take some approach to minimize the interference on the side of the aggressor UE. 
On the contrary, the implicit approach does not fully satisfy the requirements of CLI measurements. The general difference between Alt.1 and Alt.2 is whether to introduce new metrics or to reuse existing metrics. Note that without the introduction of SRS-RSRP, it is not possible to reveal the aggressor and victim UE pairs and therefore all other inter-UE CLI handling schemes cannot be applied. 
Regarding Alt.3, the general difference between Alt.1 and Alt.3 is the introduction of CLI-IMR and the corresponding measurement reports. Compared to Alt.1, Alt.3 requires the integration of CLI measurements in the CSI measurement procedure, which requires more standardization work.
Proposal 2: For L1/L2 based UE-to-UE CLI reporting, Alt 1 should be supported.

gNB-to-gNB CLI handling schemes
Four kinds of schemes for gNB-to-gNB CLI handling are provided in last meeting [2], i.e., spatial domain based schemes, coordinated scheduling in time and/or frequency based schemes, advanced receiver based schemes and power control based schemes. Of these, the power control based schemes and advanced receiver based schemes had been deprioritized.

	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



Regarding spatial domain based schemes, two spatial domain solutions are discussed: beam nulling and beam paring. To perform beam nulling, additional reference signals for gNB-to-gNB channel measurement should be defined. In additional, the information exchange of measurement resource configuration (NZP CSI-RS) , information exchange of channel measurement, and information exchange of CLI-mitigation request among aggressor gNBs and victim gNBs should also be specified.
From the evaluation results in TR 38.858 [4], it is clear that beam nulling schemes facilitates the reduction of blocking at gNB side, resulting in better SBFD UL performance across all SBFD alternatives and all load levels. The disadvantages of the beam nulling scheme are the higher signaling overhead of exchanging channel measurement and the possible degradation of DL performance due to the loss of spatial domain degrees of freedom.
Proposal 3: For beam nulling schemes, information exchange of channel measurement, and information exchange of CLI-mitigation request among aggressor gNBs and victim gNBs should be specified.

Conclusion
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we focus on the SBFD CLI operation, including the UE-to-UE CLI handling schemes and gNB-to-gNB CLI handling schemes. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: Support Rx beam configuration for the L1/L2 based UE-to-UE CLI measurement.
Proposal 2: For L1/L2 based UE-to-UE CLI reporting, Alt 1 should be supported.
Proposal 3: For beam nulling schemes, information exchange of channel measurement, and information exchange of CLI-mitigation request among aggressor gNBs and victim gNBs should be specified.
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