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Introduction
In this contribution, we discuss the measurements configuration and reporting for cross link interference (CLI).
Background
At RANP#80, a WI on CLI and RIM was approved and it was updated at RAN#82 to contain the following objectives:
The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement
Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 

In RAN1 AdHoc 1901 and RAN1#96, a few agreements were made on UE-to-UE CLI measurement. A high-level summary of these agreements is
· Both SRS-RSRP and RSSI measurements are supported and L3 measurement mechanism is applied. It is up to RAN2 to define the signalling.
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· The number of SRS to be monitored by the UE should not exceed 8 within a slot
· Network may configure more than 8 SRSs over different slots
· The total number of SRSs to be monitored by a UE should not exceed 32
· Measurement resource for SRS-RSRP measurement is configured by SRS resource configuration.
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
· Maximum number of measurement resource for CLI-RSSI measurement is 64.
· There will be UE capability discussion on whether one or both of SRS-RSRP and RSSI measurements are simultaneously configured and performed by the UE.
· CLI measurement only supports the same SCS between SRS transmitter and receiver for SRS-RSRP.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref189046994]In RRC_CONNECTED, the UE measures multiple beams of a cell and the measurements results are averaged to derive the cell quality. Filtering takes place at two different levels: at L1 to derive beam quality and then at L3 to derive cell quality from multiple beams. Measurement reports may contain the measurement results of the cell quality and X best beams. As this measurement mechanism is typically defined to measure on serving cell and neighbouring cell resources, such as SS/PBCH blocks and/or CSI-RS resources. When it is adapted to measure the UE to UE cross link interference (i.e. the RSSI and SRS-RSRP), the beam based L1 measurements may be simplified. The measurement of UE to UE cross link interference is controlled by gNB and then the framework of the R15 measurement configuration and report can be reused. 
Proposal 1: Reuse R15 existing framework of measurement configuration and report for UE to UE cross link interference measurement
According to TS 38.331 the measurement and reporting configuration is set based measurement objects as below: 
MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR 		OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing   OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC   			OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2 			OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR       OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     Thres               OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR         OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage) OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)OPTIONAL, 
																						-- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List            OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList   OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList  OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList  OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ... ,
    [[
    freqBandIndicatorNR-v1530           FreqBandIndicatorNR  OPTIONAL,   -- Need R
    measCycleSCell-v1530                ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  														OPTIONAL    -- Need R
]]
}

The measurement of CLI-RSSI and SRS-RSRP for UE to UE cross link interference can be added into the NR measurement object. 
Following the RAN1 agreement, the list of information elements that needs to be added to the measurement object for SRS-RSRP can be: 
· nrofSRS-ResourcesToAverage (the maximum is 32)
· CLI-SRS-Config (reuse the current SRS-Config IE)
Following the RAN1 agreement, the list of information elements that needs to be added to the measurement object for CLI-RSSI can be: 
· reference subcarrier spacing
· CLI-RSSI measurement periodicity (i.e. slot duration)
· nrofCLI-RSSI-ResourcesToAverage (the maximum is 64)
· CLI-RSSI-Measurement (reuse the current SS-RSSI-Measurement IE)
Proposal 2: Add new IEs to introduce the support of CLI-RSSI and SRS-RSRP in the Measurement Object for UE to UE cross link interference measurement
SRS-RSRP: 
· nrofSRS-ResourcesToAverage (the maximum is 32)
CLI-SRS-Config (reuse the current SRS-Config IE)
CLI-RSSI: 
· reference subcarrier spacing
· CLI-RSSI measurement periodicity (i.e. slot duration)
· nrofCLI-RSSI-ResourcesToAverage (the maximum is 64)
· CLI-RSSI-Measurement (reuse the current SS-RSSI-Measurement IE)

The current R15 measurement reporting criterion (event A1-A6 and B1/B2) is based on quantity evaluation of the signal strength of serving cell and/or neighbour cells with the purpose for deciding UE mobility among the adjacent cells. The available measurement events may be not suitable for the UE to UE cross link interference evaluation. In order to understand the amount of interference coming from the neighbouring user equipment(s), the quantity of the measurement result of CLI-RSSI and/or SRS-RSRP can be compared with a fixed threshold, which needs to be configured. The UE can report the evaluation result to the network only when the UE to UE CLI is severe, i.e., the measurement result of CLI-RSSI and/or SRS-RSRP is higher than the configured threshold. A new measurement event I may be configured for this purpose.
Proposal 3: A new measurement event I (interference becomes larger than threshold) may be configured for UE to UE cross link interference measurement report.

Furthermore, during the RAN1 discussion, they have mentioned that the reporting overhead shall be small. To reduce the reporting overhead on UE to UE CLI, it is suggested to limit the number of reporting, i.e., up to M interference larger than the configured threshold could be reported. Alternatively, when there are over M interfering source with interference larger than the configured threshold, only the M higher interference need to be reported. When the number of the interfering source with interference larger than the configured threshold is less than M, only the interference larger than the configured threshold need to be reported. M could be configured. A new measurement event II may be configured for this purpose. 
Proposal 4: A new measurement event II (up to M interference becomes larger than threshold) may be configured for UE to UE cross link interference measurement report.

Moreover, the gNB needs to have the knowledge of who is the strongest interfering source so that it could accomplish the co-scheduling and avoid to schedule the severely interference UEs in the same resource. In general, when a UE is configured to measure the CLI, it need to acquire the to-be-detected SRS sequence and detected SRS resource. Hence, it is proposed that the reporting contents could include the detected SRS sequence and/or SRS resource index that are corresponding to the strongest interference which satisfy the newly defined measurement events. When the different SRS measurement resource is configured to a measuring UE, the reporting contents with the SRS resource index can be used to distinguish the different aggressor UEs. Whereas, if the same SRS measurement resource with different SRS sequence is configured to a measuring UE, the SRS sequence need to be tagged to distinguish the different aggressor UEs.
Proposal 5: The reporting contents could include the detected SRS sequence/SRS resource indexes that satisfy the newly defined measurement events, so that gNB could do the inter-node co-scheduling based on it.

Besides the measurement event based report, the reporting of UE to UE CLI could be also in terms of a configured period.
Proposal 6: The reporting could be periodical according to a configured period.

Conclusion
Proposal 1: Reuse R15 existing framework of measurement configuration and report for UE to UE cross link interference measurement
Proposal 2: Add new IEs to introduce the support of CLI-RSSI and SRS-RSRP in the Measurement Object for UE to UE cross link interference measurement
SRS-RSRP: 
· nrofSRS-ResourcesToAverage (the maximum is 32)
· CLI-SRS-Config (reuse the current SRS-Config IE)
CLI-RSSI: 
· reference subcarrier spacing
· CLI-RSSI measurement periodicity (i.e. slot duration)
· nrofCLI-RSSI-ResourcesToAverage (the maximum is 64)
· CLI-RSSI-Measurement (reuse the current SS-RSSI-Measurement IE)
Proposal 3: A new measurement event (interference becomes larger than threshold) may be configured for UE to UE cross link interference measurement report
Proposal 4: A new measurement event II (up to M interference becomes larger than threshold) may be configured for UE to UE cross link interference measurement report.
Proposal 5: The reporting contents could include the detected SRS sequence/SRS resource indexes that satisfy the newly defined measurement events, so that gNB could do the inter-node co-scheduling based on it.
Proposal 6: The reporting could be periodical according to a configured period.
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