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[bookmark: _Ref492503575]Introduction
RAN2 was requested by RAN1 in LS R2-1905203 to define CLI-RSSI and SRS-RSRP measurements. RAN2#106 made some agreements however many issues were left open. An email discussion [106#39] was setup to discuss further, however many aspects were not conclusive [3]. 
This paper is revision of R2-1906109. This paper analyzes the configuration, measurement and reporting procedures. While this paper is aimed at avoiding duplication of our already expressed views in the email discussion, some aspects may appear here again for completeness. 
RAN1 agreements
On CLI-RSSI Measurement
	· Agreements on resource configuration for CLI-RSSI measurement:
· In information element of resource configuration for CLI-RSSI measurement, at least following parameters are included
· Number of PRBs and start PRB index for subband indication
· Note: Configured PRBs are contiguous.
· Note: The exact number of PRBs is up to RAN4.
· Number of OFDM symbols and first OFDM symbol index in a slot
· Note: Configured OFDM symbols are contiguous.
· Note: The exact number of OFDM symbol is up to RAN4.
· Note: Depending on UE capability discussions, UE may not be required to assume that PDSCH is FDMed with CLI-RSSI measurement resource(s)
· In information element of resource configuration for CLI-RSSI measurement, following values for slot configuration is used.
· slots10 INTEGER (0..9), slots20 INTEGER (0..19), slots40 INTEGER (0..39), slots80 INTEGER (0..79), slots160 INTEGER (0..159), slots320 INTEGER (0..319), slots640 INTEGER (0..639)}
· Note: Network configures slot duration for CLI-RSSI measurement which is corresponded with one value of periodicity among the periodicity set (i.e. {10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms})
Table. CLI-RSSI measurement periodicity
	                 SCS(kHz)
Slot duration
	15k Hz
	30 kHz
	60 kHz
	120 kHz

	10 slots
	10 msec
	
	
	

	20 slots
	20 msec
	10 msec
	
	

	40 slots
	40 msec
	20 msec
	10 msec
	

	80 slots
	80 msec
	40 msec
	20 msec
	10 msec

	160 slots
	160 msec
	80 msec
	40 msec
	20 msec

	320 slots
	320 msec
	160 msec
	80 msec
	40 msec

	640 slots
	640 msec
	320 msec
	160 msec
	80 msec


· In information element of resource configuration for CLI-RSSI measurement, reference subcarrier spacing for CLI-RSSI measurement is included.
· All subcarrier spacings supported in Rel-15 NR for FR1, FR2
· Subcarrier spacing is a reference unit of time/frequency resource configuration.
· UE operates CLI measurement within the active BWP. 
· The subcarrier spacing for CLI-measurement resource configuration can be same or different from the SCS of the active BWP.
· One or multiple resources for CLI-RSSI measurement can be configured
· Maximum number of measurement resource for CLI-RSSI measurement is 64.



On SRS-RSRP measurement
	· Agreements and conclusion on UE behaviour for SRS-RSRP:
· In order to perform SRS transmission for CLI measurement,
The TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols transmitted to the gNB.
· For SRS-RSRP measurement, the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing.
· The constant offset is derived by UE implementation.
· Agreement on SRS transmission:
· For SRS transmission for SRS-RSRP measurement purpose, no new SRS resource set usage is introduced
· Agreement on SRS resource for SRS-RSRP measurement:
· For SRS-RSRP measurement, one or more SRS resource per serving cell can be configured
· For SRS-RSRP, the total number of SRS resources to be monitored by a UE should not exceed 32.



RAN2 agreed the following in RAN2#106:
Agreements
1	RAN2 aims to reuse the existing RRM procedures as much as possible for measurements configuration and reporting of SRS-RSRP and CLI-RSSI measurements, and minimize the impact on RRC specification.
FFS Whether to Extend MeasObjectNR to include the SRS-RSRP and CLI-RSSI measurement resource configuration or specify a new measurement object specific for CLI measurements
2	Extend ReportConfigNR to support the SRS-RSRP and CLI-RSSI measurement reporting configuration.
3	Layer 3 filtering is applied to the SRS-RSRP measurement.
4	Layer 3 filtering is applied to the CLI-RSSI measurement.
5	Extend MeasurementReport message to report the measurement result of SRS-RSRP or CLI- RSSI measurement
6	The periodic measurement reporting is supported for both SRS-RSRP and CLI-RSSI measurements (this does not preclude also supporting event triggered reporting)

Agreements
1.	Support at least one event for CLI measurement reporting – 
1) Event A: SRS-RSRP is above threshold; 
FFS: Whether existing event 1a can be reused
FFS: Whether CLI-RSSI can also be configured as the measurement quantity for this event.
FFS: Whether we also need an event for below threshold


Measurement configuration 
Measurement Objects
[bookmark: _Toc16722388][bookmark: _Hlk7092077]In the email discussion report, it is proposed to define new IE MeasObjectCLI for CLI. The MeasObjectCLI should include measurement configuration for a list of CLI-RSRP or SRS-RSRP which are interference signals received from intra-frequency neighbors.
[bookmark: _Toc7620941][bookmark: _Toc7626378][bookmark: _Toc7626397][bookmark: _Toc7626446][bookmark: _Toc7626463][bookmark: _Toc7626480][bookmark: _Toc7626503][bookmark: _Toc16722389][bookmark: _Toc16722488][bookmark: _Toc16789848]Include CLI-RSSI and SRS-RSRP measurement resource configuration in MeasObjectCLI.
[bookmark: _Hlk7095187]Example Text Proposal is given below:
	MeasObjectCLI ::=                    SEQUENCE {
    cli-RSSI-Measurement CLI-RSSI-Measurement        OPTIONAL,
    srs-RSRP-Measurement SRS-RSRP-Measurement        OPTIONAL, 
    ... 
}
[bookmark: _Toc5285423]–	CLI-RSSI-Measurement
The IE CLI-RSSI-Measurement is used to configure CLI-RSSI measurements.
CLI-RSSI-Measurement information element
-- ASN1START
-- TAG-CLI-RSSI-MEASUREMENT-START

CLI-RSSI-Measurement ::=             SEQUENCE {
    <<fields TBD based on RAN1 LS>>,
    filterCoefficientCLI-RSSI        FilterCoefficient,
    ...
}

-- TAG-CLI-RSSI-MEASUREMENT-STOP
-- ASN1STOP

–	SRS-RSRP-Measurement
The IE SRS-RSRP-Measurement is used to configure SRS-RSRP measurements.
SRS-RSRP-Measurement information element
-- ASN1START
-- TAG-SRS-RSRP-MEASUREMENT-START

SRS-RSRP-Measurement ::=             SEQUENCE {
    <<fields TBD based on RAN1 LS>>,
    filterCoefficientSRS-RSRP        FilterCoefficient,
    ...
}

-- TAG-SRS-RSRP-MEASUREMENT-STOP
-- ASN1STOP



Reporting triggers
[bookmark: _Hlk7092167]RAN2 already agreed on periodic measurements. Event triggered measurement reporting were discussed in the email discussion. The report proposes to define new event for SRS-RSRP becomes above threshold (i.e., A1 is not reused).
[bookmark: _Toc16722489][bookmark: _Toc16722490][bookmark: _Toc16722491][bookmark: _Toc16722492][bookmark: _Toc7620946][bookmark: _Toc7626383][bookmark: _Toc7626402][bookmark: _Toc7626451][bookmark: _Toc7626468][bookmark: _Toc7626485][bookmark: _Toc7626508][bookmark: _Toc16722394][bookmark: _Toc16722493][bookmark: _Toc16789849]Include CLI-RSSI threshold, SRS-RSRP threshold, report on leave, hysteresis and time to trigger as configurations for the new event.
[bookmark: _Toc7620947][bookmark: _Toc7626384][bookmark: _Toc7626403][bookmark: _Toc7626452][bookmark: _Toc7626469][bookmark: _Toc7626486][bookmark: _Toc7626509][bookmark: _Toc16722395][bookmark: _Toc16722494][bookmark: _Toc16789850]Reuse value ranges of the existing reportInterval and reportAmount for both types of reporting triggers.
Reporting configuration
RAN2 has agreed to “Extend ReportConfigNR to support the SRS-RSRP and CLI-RSSI measurement reporting configuration.”. 
Since there are a number of fields such as rsType, includeBeamMeasurements, useWhiteCellList, reportQuantityRS-Indexes, maxNrofRS-IndexesToReport etc. in EventTriggerConfig and PeriodicalReportConfig in ReportConfigNR, we think ReportConfigNR can be extended (as agreed by RAN2 so far) to introduce CLI specific report configurations e.g. CLI-PeriodicalReportConfig and CLI-EventTriggerConfig as shown in the text proposal below. This is cleaner and avoids the need to clarify the behaviour of each irrelevant existing field/IE for CLI.
CLI measurement may not need UE to measure and report both CLI-RSSI and SRS-RSRP. gNB shall be able to indicate to UE which ones to measure. For event triggered, if threshold is configured, then corresponding measurement is reported. Even though only SRS-RSRP threshold is required to be configured, CLI-RSSI may be reported if configured (TRUE) and available at UE. 
For periodic measurements, an explicit configuration is required as there are no corresponding thresholds to be configured.
[bookmark: _Toc7620948][bookmark: _Toc7626385][bookmark: _Toc7626404][bookmark: _Toc7626453][bookmark: _Toc7626470][bookmark: _Toc7626487][bookmark: _Toc7626510][bookmark: _Toc16722396][bookmark: _Toc16722495][bookmark: _Toc16789851]Define CLI-MeasReportQuantity to indicate which quantity (CLI-RSSI, SRS-RSRP, or both) to measure and report.
A text proposal capturing the above proposals is given below:
	ReportConfigNR information element
-- ASN1START
-- TAG-REPORTCONFIGNR-START

ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        [[
            cli-Periodical                          CLI-PeriodicalReportConfig,
            cli-EventTriggered                      CLI-EventTriggerConfig
        ]]
    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
        ...
}

EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventA1                                     SEQUENCE {
            a1-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA2                                     SEQUENCE {
            a2-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventA3                                     SEQUENCE {
            a3-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA4                                     SEQUENCE {
            a4-Threshold                                MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA5                                     SEQUENCE {
            a5-Threshold1                               MeasTriggerQuantity,
            a5-Threshold2                               MeasTriggerQuantity,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        eventA6                                     SEQUENCE {
            a6-Offset                                   MeasTriggerQuantityOffset,
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger,
            useWhiteCellList                            BOOLEAN
        },
        ...
    },

    rsType                                      NR-RS-Type,

    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),

    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                   INTEGER (1..maxNrofIndexesToReport)                            OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    reportAddNeighMeas                          ENUMERATED {setup}                                             OPTIONAL,   -- Need R
    ...
}

CLI-EventTriggerConfig::=                       SEQUENCE {
    eventId                                     CHOICE {
        eventL1                                     SEQUENCE {
            l1-SRS-RSRP-Threshold                       RSRP-Range,    -- Value range TBC by RAN4
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        eventL2                                     SEQUENCE {
            l2-SRS-RSRP-Threshold                       RSRP-Range,    -- Value range TBC by RAN4
            reportOnLeave                               BOOLEAN,
            hysteresis                                  Hysteresis,
            timeToTrigger                               TimeToTrigger
        },
        ...,
    },
    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    cli-MeasReport-RSSI                      BOOLEAN, 	Comment by Qualcomm (Umesh): For event triggered, even though only SRS-RSRP threshold is configured (which implicitly means SRS-RSRP would be reported), CLI-RSSI may be reported if configured (TRUE) and available at UE.
    ...,
}

PeriodicalReportConfig ::=                  SEQUENCE {
    rsType                                      NR-RS-Type,

    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},

    reportQuantityCell                          MeasReportQuantity,
    maxReportCells                              INTEGER (1..maxCellReport),

    reportQuantityRS-Indexes                     MeasReportQuantity                                            OPTIONAL,   -- Need R
    maxNrofRS-IndexesToReport                    INTEGER (1..maxNrofIndexesToReport)                           OPTIONAL,   -- Need R
    includeBeamMeasurements                     BOOLEAN,
    useWhiteCellList                            BOOLEAN,
    ...
}

CLI-PeriodicalReportConfig ::=                  SEQUENCE {
    reportInterval                              ReportInterval,
    reportAmount                                ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},
    cli-MeasReportQuantity                      CLI-MeasReportQuantity,
    ...
} 

CLI-MeasReportQuantity ::=        SEQUENCE {
    cli-RSSI                                    BOOLEAN,
    srs-RSRP                                    BOOLEAN
}

NR-RS-Type ::=                              ENUMERATED {ssb, csi-rs}

MeasTriggerQuantity ::=                     CHOICE {
    rsrp                                        RSRP-Range,
    rsrq                                        RSRQ-Range,
    sinr                                        SINR-Range
}

MeasTriggerQuantityOffset ::=               CHOICE {
    rsrp                                        INTEGER (-30..30),
    rsrq                                        INTEGER (-30..30),
    sinr                                        INTEGER (-30..30)
}


MeasReportQuantity ::=                      SEQUENCE {
    rsrp                                        BOOLEAN,
    rsrq                                        BOOLEAN,
    sinr                                        BOOLEAN
}


-- TAG-REPORTCONFIGNR-STOP
-- ASN1STOP




[bookmark: _Toc7620949][bookmark: _Toc7626386][bookmark: _Toc7626405][bookmark: _Toc7626454][bookmark: _Toc7626471][bookmark: _Toc7626488][bookmark: _Toc7626511][bookmark: _Toc16722397][bookmark: _Toc16722496][bookmark: _Toc16789852]Adopt the TP in section 3 as baseline.
[bookmark: _Hlk7620149]Performing the measurement
[bookmark: _Toc4504285][bookmark: _Toc4504286][bookmark: _Toc1049716][bookmark: _Toc1068503][bookmark: _Toc1068522][bookmark: _Toc1071202][bookmark: _Toc1071937][bookmark: _Toc1071981][bookmark: _Toc1074008][bookmark: _Toc4504287][bookmark: _Toc4504368][bookmark: _Toc4504407][bookmark: _Toc4685767][bookmark: _Toc7553640]For intra-frequency measurement, a gap can be either defined as the regular L3 measurement gap or realized by symbol level rate matching even if L3 measurement gap is not configured. In particular, by symbol level rate matching, PDSCH can be blanked in the symbols for rate matching so that there is no FDM reception with different timing of PDSCH and CLI-RSSI/SRS-RSRP. However, this does not preclude the network transmitting PDCCH and other DL channels to the UE and therefore requires the UE to do FDM reception of these DL channels with CLI. Therefore, the safest way for UE implementation is to allow L3 measurement gap for CLI-RSSI and SRS-RSRP measurement. 
[bookmark: _Toc7620950][bookmark: _Toc7626387][bookmark: _Toc7626406][bookmark: _Toc7626455][bookmark: _Toc7626472][bookmark: _Toc7626489][bookmark: _Toc7626512][bookmark: _Toc16722398][bookmark: _Toc16722497][bookmark: _Toc16789853]Define intra-frequency measurement gap for CLI-RSSI and SRS-RSRP measurement.
Measurement Report
[bookmark: _Hlk16722280]RAN2 has agreed to “Extend MeasurementReport message to report the measurement result of SRS-RSRP or CLI- RSSI measurement”.
In a network with dynamic TDD configuration, strong CLI may occur to a UE if it is close to multiple UEs from another cell that have strong UL transmissions colliding with its DL reception. In this case, the strong interference power may push the UE analog circuit to saturation. For the UE that is configured to measure the SRS-RSRP or the CLI-RSSI, in such case either the measurement is not accurate, or the UE is not even able to detect the SRS sequence ID. 
[bookmark: _Toc7620935][bookmark: _Toc16722387][bookmark: _Toc16789847]If the interference is too strong, either the measurement is not accurate, or the UE is not even able to detect the SRS sequence ID.
Therefore, the UE should be allowed to transmit an overload flag in the CLI RSRP/RSSI report to indicate that the interference is too strong to measure. 
[bookmark: _Toc7620952][bookmark: _Toc7626390][bookmark: _Toc7626409][bookmark: _Toc7626458][bookmark: _Toc7626475][bookmark: _Toc7626492][bookmark: _Toc7626515][bookmark: _Toc16722401][bookmark: _Toc16722498][bookmark: _Toc16789854]Include ‘too strong signal to measure’ as one of the possible reported values of CLI-RSSI and SRS-RSRP measurement result.
[bookmark: _Toc7626391][bookmark: _Toc7626410][bookmark: _Toc7626459][bookmark: _Toc7626476][bookmark: _Toc7626493]Below is an example ASN.1.
	MeasResults ::=                         SEQUENCE {
    measId                                  MeasId,
    measResultServingMOList                 MeasResultServMOList,
    measResultNeighCells                    CHOICE {
        measResultListNR                        MeasResultListNR,
        ...,
        measResultListEUTRA                     MeasResultListEUTRA
    }                                                                                                                   OPTIONAL,
    ...,
[[
    measResultCLI                           MeasResultCLI      OPTIONAL                                                                
]]
}

MeasResultCLI ::=                         SEQUENCE {
    measResultCLI-RSSI                      MeasResultCLI-RSSI     OPTIONAL,
    measResultSRS-RSRP                      MeasResultSRS-RSRP     OPTIONAL,
    tooStrongToMeasure                      BOOLEAN
} 


Summary 
Based on the above discussion, we have the following observations:
Observation 1.	If the interference is too strong, either the measurement is not accurate, or the UE is not even able to detect the SRS sequence ID.

Based on the discussion and observations, we propose:
Proposal 1.	Include CLI-RSSI and SRS-RSRP measurement resource configuration in MeasObjectCLI.
Proposal 2.	Include CLI-RSSI threshold, SRS-RSRP threshold, report on leave, hysteresis and time to trigger as configurations for the new event.
Proposal 3.	Reuse value ranges of the existing reportInterval and reportAmount for both types of reporting triggers.
Proposal 4.	Define CLI-MeasReportQuantity to indicate which quantity (CLI-RSSI, SRS-RSRP, or both) to measure and report.
Proposal 5.	Adopt the TP in section 3 as baseline.
Proposal 6.	Define intra-frequency measurement gap for CLI-RSSI and SRS-RSRP measurement.
Proposal 7.	Include ‘too strong signal to measure’ as one of the possible reported values of CLI-RSSI and SRS-RSRP measurement result.
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