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1 Introduction

It has been agreed to that “Events A1-A6 can be configured to use CSI-RS. Events are evaluated on the cell level quality”. In LTE event C1 and C2 are defined to use CSI-RS for events trigger. It is still FFS in RAN2 whether to support C1/C2 in NR. To move forward, requirements from RAN1 should be taken into consideration. There were several agreements achieved in RAN1 to support cross TRP CoMP operations:
At RAN1 meeting #90, the following agreements were achieved 
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signaling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

At RAN1 meeting #89, the following agreements were achieved

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
It is clear the above highlighted RAN1 agreement support the cross TRP Joint Transmissions (JT). Since we expect JT (CoMP) are supported in REL 15, in this contribution, we discuss the need of C1/C2 for supporting CoMP in NR.
2 Discussion 
In LTE, for event C1/C2, the definition is shown as below in [1]: 

Event C1:
CSI-RS resource becomes better than an absolute threshold;
Event C2:
CSI-RS resource becomes offset better than reference CSI-RS resource.
Initially, C1/C2 in LTE was introduced  to assist the small cell on/off rather than mobility. The CSI-RS is periodically transmitted in DRS from the cells/TRPs which have been switched off, and the network uses C1/C2 reports to determine whether to wake up small cells. It was also used for supporting CoMP.RAN2 already agreed that A4/A3 can be used also for CSI-RS at the cell level. A4/A3 is more suitable for cell level mobility triggering. On the other hand in NR, CSI-RS is not tied with the network coverage view of cells. It is intended for TRP/beam level operations. There was discussions in RAN2 on the need to use C1/C2 for mobility between TRPs, for example, the network configures a set of CSI-RSs to trigger C1/C2 events when the UE moves between TRPs of multi-TRP cells. Based on the RAN1 agreements, when a UE moves into the coverage border area of the two TRPs, parallel JT can be jointly scheduled via the PDCCH/PDSCH corresponding to involved TRPs. The network can configure a UE to monitor/measure the CSI-RSs of the current serving link and neighbouring beams, and use the C1/C2 triggering events for switching the state of joint transmission (JT) under different scenarios. Let’s analyse the details in two scenarios:

· Scenario A: intra cell mobility between TRPs
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When inside a cell and strict synchronization requirement is met, Coherent JT (C-JT) can be conducted. For starting JT from the single transmissions, same CSI-RS resources are configured from multiple TRPs and the UE can monitor channel conditions on those resources. Event C1 can be useful in such scenario to help network to decide to switching the transmission state, e.g. from single-TRP transmission to JT when CSI-RS measurement shows sufficient enhancement (the measurement on the CSI-RS is above a threshold).

· Scenario B: inter cell mobility toward a cell with multiple TRPs
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For the scenarios that the strict synchronization requirement is not met (at inter-cell or even intra-cell), non-coherent JT can be conducted when a UE moves into the border area of the TRPs. For example to support non-coherent JT (NC-JT), two CSI-RS resources can be configured for different TRPs of the different cell and event C2 can be used to make offset comparison of the two CSI-RS resource measurements and triggering the network decide to switch the transmission state, e.g. from single TRP transmission to NC-JT or vice versa.

Observation 1: C1/C2 events can be used for triggering the switch of transmission states for JT operations.

Proposal 1: Support CSI-RS measurement based C1/C2 events for triggering the measurement report and transmission state changes of JT. 

Proposal 2: The network configures the selected CSI-RS(s) and the associated C1/C2 to a UE.
3 Conclusion
In this contribution, we discussed on the need C1/C2 in NR, and propose:
Observation 1: C1/C2 events can be used for triggering the switch of transmission states for JT operations.

Proposal 1: Support CSI-RS measurement based C1/C2 events for triggering the measurement report and transmission state changes of JT. 

Proposal 2: The network configures the selected CSI-RS(s) and the associated C1/C2 to a UE.

4 Reference 

[1] TS 36.331

Annex

Consider ASN.1 modification proposal for TS38.331:
MeasObjectNR information element
-- ASN1START

-- TAG-MEAS-OBJECT-NR-START

MeasObjectNR ::=






SEQUENCE {


carrierFreq








ARFCN-ValueNR,

--RS configuration (e.g. SMTC window, CSI-RS resource, etc.)


referenceSignalConfig





ReferenceSignalConfig













OPTIONAL,

--Consolidation of L1 measurements per RS index


absoluteThresholdCellQuality


SEQUENCE {



absThreshSS-BlocksConsolidation


ThresholdNR
















OPTIONAL,



absThreshCSI-RS-Consolidation


ThresholdNR
















OPTIONAL


}





























OPTIONAL,


--Config for cell measurement derivation


maxBeamsCellQuality





SEQUENCE {



nroSS-BlocksToAverage




INTEGER (1..maxNroSS-BlocksToAverage)









OPTIONAL,



nroCSI-RS-ResourcesToAverage


INTEGER (1..maxNroCSI-RS-ResourcesToAverage)







OPTIONAL


}




























OPTIONAL,


--Frequency-specific offsets (only for events A3, A6)


offsetFreq








Q-OffsetRangeList,

-- Cell list


cellsToRemoveList






CellIndexList















OPTIONAL,


cellsToAddModList






CellsToAddModList














OPTIONAL,

-- Black list


blackCellsToRemoveList





CellIndexList















OPTIONAL,


blackCellsToAddModList





BlackCellsToAddModList













OPTIONAL,

-- White list


whiteCellsToRemoveList





CellIndexList















OPTIONAL,


whiteCellsToAddModList





WhiteCellsToAddModList













OPTIONAL

}

-- TODO: To be updated based on email discussion[99#31][NR] Additional information for SSB and CSI-RS config (Ericsson) 

ReferenceSignalConfig::=     


 SEQUENCE {


ssb-MeasurementTimingConfiguration

SSB-MeasurementTimingConfiguration









OPTIONAL,


ssbPresence







CHOICE {



present








SEQUENCE {




frequencyOffset






TYPE_FFS!




-- FFS: How to give offset and timing if there are multiple SSBs on a carrier, or coding details details of the offset 



},



notPresent







SEQUENCE {




-- FFS: How to inform the UE where else to find the SSB. FFS whether to indicate here a carrier or a cell ID or multiple cell IDs



},


}


-- CSI-RS resources to be used for CSI-RS based RRM measurements


csi-rs-ResourceConfig-Mobility


SEQUENCE (SIZE (1..maxNrofCSI-RS-Resources))
OF CSI-RS-ResourceConfig-Mobility
OPTIONAL -- Need N

csi-rs-ResourceConfig-CoMP


SEQUENCE (SIZE (1..maxNrofCSI-RS-Resources))
OF CSI-RS-ResourceConfig-CoMP
OPTIONAL -- Need N




-- Indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell:


useServingCellTimingForSync



BOOLEAN

}

-- A measurement timing configuration

SSB-MeasurementTimingConfiguration ::= 
SEQUENCE {

-- Primary measurement timing configuration. Applicable for intra- and inter-frequency measurements. 

smtc1








SEQUENCE {


-- Timing (periodicity and offset) of the half frames for receptions of SS/PBCH blocks for SMTC-Config:



ssb-Timing







TYPE_FFS!,



-- Duration of the half frames for SMTC-Config:



ssb-Duration






TYPE_FFS!

},

-- Secondary measurement timing confguration for explicitly signalled PCIs. Supported only for intra-frequency measurements. 

smtc2 








SEQUENCE {


-- PCIs that are known to follow this SMTC.



pci-List







SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysicalCellId

OPTIONAL


-- Periodicity for the given PCIs. Timing offset and Duration as provided in smtc1.


periodicty






TYPE_FFS!


}




























OPTIONAL -- Cond IntraFreq
}

CSI-RS-ResourceConfig-Mobility ::= 

SEQUENCE {


csi-rs-ResourceId-RRM




CSI-RS-ResourceId-RRM,


cellId








PhysicalCellId,


-- subcarrier spacing of CSI-RS. It can take the same values available also for the data channels and for SSB


subcarrierSpacing





SubcarrierSpacing,


-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x) 


slotConfigPeriodicity




ENUMERATED {sf5, sf10, sf20, sf40, [sf80, sf160]},


slotConfigOffset





INTEGER (0..XX),


-- Number of ports for CSI-RS (see 38.211, section x.x.x.x)


nrofAntennaPorts





ENUMERATED{X,...},


-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x)


resourceElementMappingPattern


TYPE_FFS!,


-- TODO: ADD DESCRIPTION (see 38.211, section x.x.x.x)


csi-rs-TransmissionBW




ENUMERATED {x,y,z, ...},


-- TODO: ADD DESCRIPTION (see 38.215, section x.x.x.x)


csi-rs-MeasurementBW




ENUMERATED {x,y,z, ...},


-- TODO: ADD DESCRIPTION (see 38.211, section x.x.x.x)


sequenceGenerationConfig



TYPE_FFS!

}
CSI-RS-ResourceConfig-CoMP ::= 

SEQUENCE {


csi-rs-ResourceId-RRM




CSI-RS-ResourceId-RRM,


csi-rs-Id








CSI-RS-Id,


-- subcarrier spacing of CSI-RS. It can take the same values available also for the data channels and for SSB


subcarrierSpacing





SubcarrierSpacing,


-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x) 


slotConfigPeriodicity




ENUMERATED {sf5, sf10, sf20, sf40, [sf80, sf160]},


slotConfigOffset





INTEGER (0..XX),


-- Number of ports for CSI-RS (see 38.211, section x.x.x.x)


nrofAntennaPorts





ENUMERATED{X,...},


-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x)


resourceElementMappingPattern


TYPE_FFS!,


-- TODO: ADD DESCRIPTION (see 38.211, section x.x.x.x)


csi-rs-TransmissionBW




ENUMERATED {x,y,z, ...},


-- TODO: ADD DESCRIPTION (see 38.215, section x.x.x.x)


csi-rs-MeasurementBW




ENUMERATED {x,y,z, ...},


-- TODO: ADD DESCRIPTION (see 38.211, section x.x.x.x)


sequenceGenerationConfig



TYPE_FFS!

}
CSI-RS-ResourceId-RRM ::= 



INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)
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

}

CellsToAddModList ::=




SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddMod

CellsToAddMod ::=





SEQUENCE {


cellIndex







INTEGER (1..maxCellMeas),


physCellId







PhysCellId,


cellIndividualOffset




Q-OffsetRangeList

}

BlackCellsToAddModList ::=



SEQUENCE (SIZE (1..maxCellMeas)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=




SEQUENCE {


cellIndex







INTEGER (1..maxCellMeas),


physCellIdRange






PhysCellIdRange

}

WhiteCellsToAddModList ::=



SEQUENCE (SIZE (1..maxCellMeas)) OF WhiteCellsToAddMod

WhiteCellsToAddMod ::=




SEQUENCE {


cellIndex







INTEGER (1..maxCellMeas),


physCellIdRange






PhysCellIdRange

}
-- TAG-MEAS-OBJECT-NR-STOP
-- ASN1STOP

ReportConfigNR information element
-- ASN1START

-- TAG-REPORT-CONFIG-START

ReportConfigNR ::=






SEQUENCE {


reportType








CHOICE {



periodical








PeriodicalReportConfig, 



eventTriggered







EventTriggerConfig,



reportCGI








Type_FFS!,


...


}

}

-- TODO: Consider separating trgger configuration (trigger, periodic, …) from report congiguration. 
-- Current structure allows easier definiton of new events and new report types e.g. CGI, etc.

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













OPTIONAL



},



eventA4









SEQUENCE {




a4-Threshold







MeasTriggerQuantity,




reportOnLeave







BOOLEAN,




hysteresis








Hysteresis,




timeToTrigger







TimeToTrigger,




useWhiteCellList






BOOLEAN













OPTIONAL



},



eventA5









SEQUENCE {




a5-Threshold1







MeasTriggerQuantity,




a5-Threshold2







MeasTriggerQuantity,




reportOnLeave







BOOLEAN,




hysteresis








Hysteresis,




timeToTrigger







TimeToTrigger,




useWhiteCellList






BOOLEAN













OPTIONAL



},



eventA6









SEQUENCE {




a6-Offset








MeasTriggerQuantityOffset,




reportOnLeave







BOOLEAN,




hysteresis








Hysteresis,




timeToTrigger







TimeToTrigger,




useWhiteCellList






BOOLEAN













OPTIONAL



},


eventC1









SEQUENCE {




c1-Threshold




ThresholdTriggerCoMP,




c1-ReportOnLeave



BOOLEAN




OPTIONAL


},



eventC2









SEQUENCE {



c2-RefCSI-RS





MeasCSI-RS-Id,




c2-Offset





INTEGER (-xx..xx),




c2-ReportOnLeave



BOOLEAN












OPTIONAL

},


rsType









SEQUENCE {



ss










BOOLEAN,


csi-rs









BOOLEAN


}


-- Common reporting config (at least to periodical and eventTriggered)


reportInterval







ReportInterval,


reportAmount







ENUMERATED {FFS!},


-- Cell reporting configuration


reportQuantityCell






MeasReportQuantity,


maxReportCells







INTEGER (1..maxCellReport),


-- RS index reporting configuration


reportQuantityRsIndexes





MeasReportQuantityIndexes










OPTIONAL,


maxNroIndexToReport






INTEGER (1..maxNroIndexesToReport) 








OPTIONAL,


-- If configured the UE includes the best neighbour cells per serving frequency


reportAddNeighMeas






TYPE_FFS!

}

PeriodicalReportConfig ::=




SEQUENCE {


rsType









SEQUENCE {



ssb










BOOLEAN,


csi-rs









BOOLEAN


}


-- Common reporting config (at least to periodical and eventTriggered)


reportInterval







ReportInterval,


reportAmount







ENUMERATED {FFS!},


-- Cell reporting configuration


reportQuantityCell






MeasReportQuantity,


maxReportCells







INTEGER (1..maxCellReport),


-- RS index reporting configuration


reportQuantityRsIndexes





MeasReportQuantityIndexes,


maxNroRsIndexesToReport





INTEGER (1..maxNroIndexesToReport)

}

MeasTriggerQuantity::=





SEQUENCE {


rsrp









RSRPRange,


rsrq









RSRQRange,


sinr









SINRRange

}

MeasTriggerQuantityOffset::=



SEQUENCE {


rsrp









INTEGER (FFS!)



OPTIONAL,


rsrq









INTEGER (FFS!)



OPTIONAL,


sinr









INTEGER (FFS!)



OPTIONAL

}

MeasReportQuantity::=





SEQUENCE {


ss-rsrp









BOOLEAN





OPTIONAL,

 
ss-rsrq









BOOLEAN





OPTIONAL,


ss-sinr









BOOLEAN





OPTIONAL,


csi-rs-rsrp








BOOLEAN





OPTIONAL,


csi-rs-rsrq








BOOLEAN





OPTIONAL,


csi-rs-sinr








BOOLEAN 




OPTIONAL

}

MeasReportQuantityIndexes::=



CHOICE {


ss-Indexes








BOOLEAN,


csi-Indexes








BOOLEAN,


measResultsPerIndex 





MeasReportQuantity 

}
-- TAG-REPORT-CONFIG-START
-- ASN1STOP

…
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