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1 Introduction
In this paper, we discuss the remaining issues for CSI-RS based L3 measurement.
· Scheduling restriction in TDD bands
· Spec corrections
2 Discussion
Scheduling restriction

On TDD band, if network schedules UE to transmit UL signals on OFDM symbols that are overlapped with the CSI-RS to be measured, UE should be allowed to perform CSI-RS measurement. With this principle, there are still 2 details for further discussion. 
· UL timing advance
Assuming that there is always a non-zero TA on UL transmission, we cannot expect the UL symbol boundary to be always aligned with the DL symbol boundary. In other words, one DL CSI-RS symbol is expected to overlap with 2 UL symbols, if the numerology is the same. 
· T2R and R2T switching time
According to Table 4.3.2-3 of TS 38.211 UE should be guaranteed with sufficient time for T2R and R2T switching (13us in FR1 and 7us in FR2). Therefore, UE should not be expected to transmit signals on the OFDM symbols which overlap the T2R and R2T switch time before and after the CSI-RS symbol, as illustrated in Figure 1.
[image: ]
[bookmark: _Ref47296465]Figure 1. Impacted UL symbols by CSI-RS and the T2R and R2T switch time.

Since the T2R and R2T switching time does not depend on the numerology, it is again difficult to calculate the exact number of symbols with scheduling restriction. However, we believe that network should already take T2R and R2T transition time into account when during deployment, e.g., GP length and TA. Therefore, we think RAN4 can simply address with the issue of unaligned DL and UL symbol boundaries with the requirements like: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols fully or partially overlapped by CSI-RS resource symbols to be measured. 
[bookmark: _Ref47307055]Proposal 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols fully or partially overlapped by CSI-RS resource symbols to be measured.

Spec correction
In the following, text proposals are suggested to correct errors identified in spec v16.5.0. In Text proposal 1, we corrected the requirement about the relation between measurement gap and the inter-frequency SSB/CSI-RS to be measured. 
· Text proposal 1:
	9.10.3.1	Introduction
A measurement is defined as an CSI-RS based inter-frequency measurement provided it is not defined as an intra-frequency measurement according to clause 9.10.2.
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is configured, the UE shall be able to identify inter-frequency cells indicated for measurment and perform CSI-RSRP, CSI-RSRQ, and CSI-SINR measurements of identified inter-frequency cells.
When measurement gaps are needed, the UE is not expected to detect the associated SSB nor perform measurement of the CSI-RS resource configured in CSI-RS-Resource-Mobility on an inter-frequency measurement object which starts earlier than the gap starting time + switching time, nor perform measurement of the CSI-RS resource configured in CSI-RS-Resource-Mobility which or ends later than the gap end – switching time. When the inter-frequency cells are in FR2 and the per-FR gap is configured to the UE in EN-DC, SA NR, NE-DC and NR-DC, or the serving cells are in FR2, the inter-frequency cells are in FR2 and the per-UE gap is configured to the UE in SA NR and NR-DC, the switching time is 0.25ms. Otherwise the switching time is 0.5ms.



[bookmark: _Ref53840186]Proposal 2: RAN4 to agree on the Text proposal 1 in this paper.

In Text proposal 2, we corrected the section in the Navigation page of WORD through promoting and demoting section titles.
· Text proposal 2 
[image: ]

[bookmark: _Ref53840188]Proposal 3: RAN4 to agree on the Text proposal 2 in this paper.

Another issue is about the CP type of CSI-RS. According to previous RAN4 agreement, when 60KHz SCS is used, UE also needs to check the CP type to identify whether a specific MO belongs to an intra-frequency layer or an inter-frequency layer. However, after we further checked TS38.331, we found that CP type is not indicated in the measurement object. In Annex, we provide the RRC signalling for MeasObjectNR and CSI-RS-ResourceConfigMobility for reference. Since, CP type is not indicated in RRC signalling, we suggest RAN4 to add a limitation on CP, i.e., the requirement of CSI-RS based L3 measurement is only applicable for normal CP. Therefore, the following Text proposal 3 is suggested. 
· Text proposal 3 

	9.10	CSI-RS based L3 measurements
9.10.1	Introduction
This clause contains general requirements on the UE regarding CSI-RS based measurement reporting in RRC_CONNECTED state. The requirements are split in intra-frequency and inter-frequency measurements requirements.  
The requirements in this clause apply, provided:
-	all CSI-RS resources in the same MO have the same bandwidth, and
-  all CSI-RS resources are transmitted with normal CP, and
	-  associatied SSB is configured and detected, and
-	associated SSB is QCLed with the corresponding CSI-RS resources in FR2, and
-	the CSI-RS resources on one frequency layer are configured within a window of up to 5ms where the measurements of CSI-RS on the frequency layer are to be performed.
9.10.2	CSI-RS based intra-frequency measurements
9.10.2.1	Introduction
A measurement is defined as a CSI-RS based intra-frequency measurement provided that:
-	the SCS of CSI-RS resources on the neighbour cell configured for measurement is the same as the SCS of CSI-RS resources on the serving cell indicated for measurement, and
-	the CP type of CSI-RS resources on neighbour cell configured for measurement is the same as the CP type of CSI-RS resources on the serving cell indicated for measurement, and
-	It is applied for SCS = 60KHzs
-	the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as the centre frequency of CSI-RS resource on the serving cell indicated for measurement
The UE shall be able to identify new intra-frequency cells and perform CSI-RSRP, CSI-RSRQ and CSI-SINR measurements of identified intra-frequency cells if carrier frequency information is provided by PCell or the PSCell.
[bookmark: OLE_LINK1]Intra-frequency CSI-RS resources are completely contained within the active BWP bandwidth. 
No measurement gap is needed for intra-frequency CSI-RS resources measurements. 
For intra-frequency CSI-RS based measurements, UE may cause scheduling restriction as specified in clause 9.10.2.5. 



[bookmark: _Ref54348463]Observation 1: In TS38.331, CP type of CSI-RS for mobility is not indicated in the measurement object.
[bookmark: _Ref54180544]Proposal 4: RAN4 to agree on the Text proposal 3 in this paper.

3 Summary
In this paper, we discuss remaining issues of L3 CSI-RS. We have the following proposals.
Observation 1: In TS38.331, CP type of CSI-RS for mobility is not indicated in the measurement object.
[bookmark: _GoBack]Proposal 1: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit on data OFDM symbols fully or partially overlapped by CSI-RS resource symbols to be measured.
Proposal 2: RAN4 to agree on the Text proposal 1 in this paper.
	9.10.3.1	Introduction
A measurement is defined as an CSI-RS based inter-frequency measurement provided it is not defined as an intra-frequency measurement according to clause 9.10.2.
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is configured, the UE shall be able to identify inter-frequency cells indicated for measurment and perform CSI-RSRP, CSI-RSRQ, and CSI-SINR measurements of identified inter-frequency cells.
When measurement gaps are needed, the UE is not expected to detect the associated SSB nor perform measurement of the CSI-RS resource configured in CSI-RS-Resource-Mobility on an inter-frequency measurement object which starts earlier than the gap starting time + switching time, nor perform measurement of the CSI-RS resource configured in CSI-RS-Resource-Mobility which or ends later than the gap end – switching time. When the inter-frequency cells are in FR2 and the per-FR gap is configured to the UE in EN-DC, SA NR, NE-DC and NR-DC, or the serving cells are in FR2, the inter-frequency cells are in FR2 and the per-UE gap is configured to the UE in SA NR and NR-DC, the switching time is 0.25ms. Otherwise the switching time is 0.5ms.


Proposal 3: RAN4 to agree on the Text proposal 2 in this paper.
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Proposal 4: RAN4 to agree on the Text proposal 3 in this paper.
	9.10	CSI-RS based L3 measurements
9.10.1	Introduction
This clause contains general requirements on the UE regarding CSI-RS based measurement reporting in RRC_CONNECTED state. The requirements are split in intra-frequency and inter-frequency measurements requirements.  
The requirements in this clause apply, provided:
-	all CSI-RS resources in the same MO have the same bandwidth, and
-  all CSI-RS resources are transmitted with normal CP, and
	-  associatied SSB is configured and detected, and
-	associated SSB is QCLed with the corresponding CSI-RS resources in FR2, and
-	the CSI-RS resources on one frequency layer are configured within a window of up to 5ms where the measurements of CSI-RS on the frequency layer are to be performed.
9.10.2	CSI-RS based intra-frequency measurements
9.10.2.1	Introduction
A measurement is defined as a CSI-RS based intra-frequency measurement provided that:
-	the SCS of CSI-RS resources on the neighbour cell configured for measurement is the same as the SCS of CSI-RS resources on the serving cell indicated for measurement, and
-	the CP type of CSI-RS resources on neighbour cell configured for measurement is the same as the CP type of CSI-RS resources on the serving cell indicated for measurement, and
-	It is applied for SCS = 60KHzs
-	the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as the centre frequency of CSI-RS resource on the serving cell indicated for measurement
The UE shall be able to identify new intra-frequency cells and perform CSI-RSRP, CSI-RSRQ and CSI-SINR measurements of identified intra-frequency cells if carrier frequency information is provided by PCell or the PSCell.
Intra-frequency CSI-RS resources are completely contained within the active BWP bandwidth. 
No measurement gap is needed for intra-frequency CSI-RS resources measurements. 
For intra-frequency CSI-RS based measurements, UE may cause scheduling restriction as specified in clause 9.10.2.5. 



4 Reference


5. Annex A
The RRC signalling for MeasObjectNR and CSI-RS-ResourceConfigMobility are provided below for reference.

MeasObjectNR
The IE MeasObjectNR specifies information applicable for SS/PBCH block(s) intra/inter-frequency measurements and/or CSI-RS intra/inter-frequency measurements.
MeasObjectNR information element
-- ASN1START
-- TAG-MEASOBJECTNR-START

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     ThresholdNR                                                     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                 FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    smtc3list-r16                     SSB-MTC3List-r16                                                  OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]]
}

SSB-MTC3List-r16::=                 SEQUENCE (SIZE(1..4)) OF SSB-MTC3-r16

T312-r16 ::=                        ENUMERATED { ms0, ms50, ms100, ms200, ms300, ms400, ms500, ms1000}

ReferenceSignalConfig::=            SEQUENCE {
    ssb-ConfigMobility                  SSB-ConfigMobility                                              OPTIONAL,   -- Need M
    csi-rs-ResourceConfigMobility       SetupRelease { CSI-RS-ResourceConfigMobility }                  OPTIONAL    -- Need M
}

SSB-ConfigMobility::=               SEQUENCE {
    ssb-ToMeasure                           SetupRelease { SSB-ToMeasure }                              OPTIONAL,   -- Need M
    deriveSSB-IndexFromCell             BOOLEAN,
    ss-RSSI-Measurement                         SS-RSSI-Measurement                                     OPTIONAL,   -- Need M
    ...,
    [[
    ssb-PositionQCL-Common-r16              SSB-PositionQCL-Relation-r16                                OPTIONAL,   -- Cond SharedSpectrum
    ssb-PositionQCL-CellsToAddModList-r16   SSB-PositionQCL-CellsToAddModList-r16                       OPTIONAL,   -- Need N
    ssb-PositionQCL-CellsToRemoveList-r16   PCI-List                                                    OPTIONAL    -- Need N
    ]]
}

Q-OffsetRangeList ::=               SEQUENCE {
    rsrpOffsetSSB                       Q-OffsetRange               DEFAULT dB0,
    rsrqOffsetSSB                       Q-OffsetRange               DEFAULT dB0,
    sinrOffsetSSB                       Q-OffsetRange               DEFAULT dB0,
    rsrpOffsetCSI-RS                    Q-OffsetRange               DEFAULT dB0,
    rsrqOffsetCSI-RS                    Q-OffsetRange               DEFAULT dB0,
    sinrOffsetCSI-RS                    Q-OffsetRange               DEFAULT dB0
}


ThresholdNR ::=                     SEQUENCE{
    thresholdRSRP                       RSRP-Range                                                      OPTIONAL,   -- Need R
    thresholdRSRQ                       RSRQ-Range                                                      OPTIONAL,   -- Need R
    thresholdSINR                       SINR-Range                                                      OPTIONAL    -- Need R
}

CellsToAddModList ::=               SEQUENCE (SIZE (1..maxNrofCellMeas)) OF CellsToAddMod

CellsToAddMod ::=                   SEQUENCE {
    physCellId                          PhysCellId,
    cellIndividualOffset                Q-OffsetRangeList
}

RMTC-Config-r16 ::=                 SEQUENCE {
    rmtc-Periodicity-r16                ENUMERATED {ms40, ms80, ms160, ms320, ms640},
    rmtc-SubframeOffset-r16             INTEGER(0..639)                                                 OPTIONAL,   -- Need M
    measDurationSymbols-r16             ENUMERATED {sym1, sym14or12, sym28or24, sym42or36, sym70or60},
    rmtc-Frequency-r16                  ARFCN-ValueNR,
    ref-SCS-CP-r16                      ENUMERATED {kHz15, kHz30, kHz60-NCP, kHz60-ECP},
    ...
}

SSB-PositionQCL-CellsToAddModList-r16 ::= SEQUENCE (SIZE (1..maxNrofCellMeas)) OF SSB-PositionQCL-CellsToAddMod-r16

SSB-PositionQCL-CellsToAddMod-r16 ::= SEQUENCE {
    physCellId-r16                        PhysCellId,
    ssb-PositionQCL-r16                   SSB-PositionQCL-Relation-r16
}

-- TAG-MEASOBJECTNR-STOP
-- ASN1STOP

[bookmark: _Toc46439599][bookmark: _Toc46444436][bookmark: _Toc46487197][bookmark: _Toc52837075][bookmark: _Toc52838083][bookmark: _Toc53006723]–	CSI-RS-ResourceConfigMobility
The IE CSI-RS-ResourceConfigMobility is used to configure CSI-RS based RRM measurements.
CSI-RS-ResourceConfigMobility information element
-- ASN1START
-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-START

CSI-RS-ResourceConfigMobility ::=   SEQUENCE {
    subcarrierSpacing                   SubcarrierSpacing,
    csi-RS-CellList-Mobility            SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility,
    ...,
    [[
    refServCellIndex                    ServCellIndex                                                           OPTIONAL    -- Need S
    ]]


}

CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}

CSI-RS-Resource-Mobility ::=        SEQUENCE {
    csi-RS-Index                        CSI-RS-Index,
    slotConfig                          CHOICE {
        ms4                                 INTEGER (0..31),
        ms5                                 INTEGER (0..39),
        ms10                                INTEGER (0..79),
        ms20                                INTEGER (0..159),
        ms40                                INTEGER (0..319)
    },
    associatedSSB                       SEQUENCE {
        ssb-Index                           SSB-Index,
        isQuasiColocated                    BOOLEAN
    }                                                                                                           OPTIONAL, -- Need R
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12))
    },
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),
    sequenceGenerationConfig            INTEGER (0..1023),
    ...
}

CSI-RS-Index ::=                    INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)

-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-STOP
-- ASN1STOP
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