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1 Introduction

The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80 [1]. In which, the following objective is included:
	Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

· Random access performance
· Radio link failure (RLF), if needed


In RAN2 #103bis meeting, the following agreements were made:
	RAN2#103bis agreements:
· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)
· Support RACH report for NB-IoT

· Will consider whether information in LTE RACH report is extended


Although there is not agreement about whether to support Radio link failure (RLF) report in NB-IoT, we still want to discuss it in this paper as it is useful for network maintenance (e.g. network problem detection, Mobility Robust Optimization etc.)
In LTE specification, ANR reporting using idle-mode measurements (e.g. LoggedMeasurement Reporting and mobilityHistoryReport) and rlf-Report are already supported.

In this paper, based on the use cases comparison between LTE and NB-IoT, we will discuss the feasibility of reusing LTE RLF and ANR report content for NB-IoT, and analyze the possible extensions. 
2 Discussion

2.1 ANR report

In the RAN2 #103bis meeting, it was already agreed that ANR reporting for NB-IoT only uses idle-mode measurements.
In LTE, idle mode ANR reporting is performed by LogMeasReport and mobilityHistoryReport, which are configured by LoggedMeasurementConfiguration as follows: 
	LoggedMeasurementConfiguration-r10 ::=
SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {




loggedMeasurementConfiguration-r10

LoggedMeasurementConfiguration-r10-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture



SEQUENCE {}


}

}

LoggedMeasurementConfiguration-r10-IEs ::= SEQUENCE {




traceReference-r10



TraceReference-r10,


traceRecordingSessionRef-r10
OCTET STRING (SIZE (2)),


tce-Id-r10





OCTET STRING (SIZE (1)),


absoluteTimeInfo-r10


AbsoluteTimeInfo-r10,


areaConfiguration-r10


AreaConfiguration-r10

OPTIONAL,
-- Need OR


loggingDuration-r10



LoggingDuration-r10,


loggingInterval-r10



LoggingInterval-r10,


nonCriticalExtension


LoggedMeasurementConfiguration-v1080-IEs
OPTIONAL

}

...


Based on the LoggedMeasurementConfiguration information, we can conclude that the LogMeasReport procedure for LTE is as follows:
· eNB sends the logged measurement configuration to UE. The measurement configuration mainly includes: the logged measurement area (e.g cellGlobalIdList or trackingAreaCodeList), logged measurement start time (e.g. absoluteTimeInfo), logged measurement duration and logged measurement interval information etc. 
· Based on the logged measurement configuration, UE records the log measurement of the serving cell and neighbor cells periodically.
· UE sends the logged results to eNB in the next RRC_CONNECTED state.
Obviously, the periodical logged measurement will cost much UE power. Furthermore, the periodical logged measurement will produce large data records. To send the log data to eNB will also cost much UE power. Taken into account that the NB-IoT UE is power sensitive and power saving is critical for NB-IoT UE, the periodical logged measurement is not suitable for NB-IoT.

Observation 1: Periodical logged measurement is not suitable for NB-IoT for the reason of power waste.

Based on the following LogMeasReport information, the locationInfo (e.g. locationCoordinates, horizontalVelocity), the logged timestamp, the serving cell measurement, neighbor cell measurement are reported in LTE. 

	LogMeasReport-r10 ::=



SEQUENCE {


absoluteTimeStamp-r10



AbsoluteTimeInfo-r10,


traceReference-r10




TraceReference-r10,


traceRecordingSessionRef-r10

OCTET STRING (SIZE (2)),


tce-Id-r10






OCTET STRING (SIZE (1)),


logMeasInfoList-r10




LogMeasInfoList-r10,


logMeasAvailable-r10



ENUMERATED {true}



OPTIONAL,


...,


[[
logMeasAvailableBT-r15



ENUMERATED {true}



OPTIONAL,



logMeasAvailableWLAN-r15


ENUMERATED {true}



OPTIONAL


]]

}

LogMeasInfoList-r10 ::=

SEQUENCE (SIZE (1..maxLogMeasReport-r10)) OF LogMeasInfo-r10

LogMeasInfo-r10 ::=

SEQUENCE {


locationInfo-r10




LocationInfo-r10

OPTIONAL,


relativeTimeStamp-r10



INTEGER (0..7200),


servCellIdentity-r10



CellGlobalIdEUTRA,


measResultServCell-r10



SEQUENCE {



rsrpResult-r10





RSRP-Range,



rsrqResult-r10





RSRQ-Range


},


measResultNeighCells-r10


SEQUENCE {



measResultListEUTRA-r10



MeasResultList2EUTRA-r9

OPTIONAL,



measResultListUTRA-r10



MeasResultList2UTRA-r9

OPTIONAL,



measResultListGERAN-r10



MeasResultList2GERAN-r10
OPTIONAL,



measResultListCDMA2000-r10


MeasResultList2CDMA2000-r9
OPTIONAL


}
OPTIONAL,


...,


[[
measResultListEUTRA-v1090


MeasResultList2EUTRA-v9e0
OPTIONAL


]],


[[
measResultListMBSFN-r12



MeasResultListMBSFN-r12
OPTIONAL,



measResultServCell-v1250


RSRQ-Range-v1250


OPTIONAL,



servCellRSRQ-Type-r12



RSRQ-Type-r12



OPTIONAL,



measResultListEUTRA-v1250


MeasResultList2EUTRA-v1250
OPTIONAL


]],


[[
inDeviceCoexDetected-r13


ENUMERATED {true}


OPTIONAL


]],


[[
measResultServCell-v1360


RSRP-Range-v1360


OPTIONAL


]],


[[
logMeasResultListBT-r15


LogMeasResultListBT-r15

OPTIONAL,



logMeasResultListWLAN-r15


LogMeasResultListWLAN-r15

OPTIONAL


]]

}


In which, the locationInfo (e.g. locationCoordinates, horizontalVelocity) is used to determine the network coverage per location, which is not relevant with ANR and not suitable for NB-IoT for the reason of power waste. Furthermore, the features of EUTRA, UTRAN, GERAN, CDMA2000, inDeviceCoexDetected, BT and WLAN are not supported in the current NB-IoT specification, which are not necessary to be reported. In fact, for idle mode mobility ANR, only the cell reselection procedure information(e.g. source cell ID of cell reselection, the source cell measurement results, target cell ID of cell reselection, the neighbor cell measurement results, the timestamp of cell reselection etc.) is necessary, but these information are not all reported in LogMeasReport.

Observation 2: For idle mode mobility ANR, only the cell reselection procedure information is necessary(e.g. the source cell ID of cell reselection, the source cell measurement results, target cell ID of cell reselection, the neighbor cell measurement results, the timestamp of cell reselection etc.), but these information are not all be reported in LogMeasReport.
Based on the following mobilityHistoryReport information, we can see only the visited cell info(e.g. the camped cell ID and camped duration) are reported in LTE. 

	MobilityHistoryReport-r12 ::=
VisitedCellInfoList-r12

VisitedCellInfoList-r12 ::=
SEQUENCE (SIZE (1..maxCellHistory-r12)) OF VisitedCellInfo-r12

VisitedCellInfo-r12 ::=



SEQUENCE {


visitedCellId-r12




CHOICE {



cellGlobalId-r12





CellGlobalIdEUTRA,



pci-arfcn-r12






SEQUENCE {




physCellId-r12






PhysCellId,




carrierFreq-r12






ARFCN-ValueEUTRA-r9


}


}















OPTIONAL,


timeSpent-r12





INTEGER (0..4095),


...

}


We think these information may be useful but they are not enough for NB-IoT. For example, the timeSpent item is used for recording time spent in the current cell. For NB-IoT with low mobility, such item may be not so useful and the value of it may be very large. An absolute time when the cell reselection is triggered may be more useful. Moreover, the source cell information would also be needed. Furthermore, the current cell records may not be listed based on the order of recording time in LTE(e.g. the related specification is described as ” ...include in the mobilityHistoryReport an entry for the current cell, possibly after removing the oldest entry if required, ...”). Based on the out-of order records, the cell mobility procedure cannot be infered.  

Observation 3: The mobilityHistoryReport information is not enough for ANR.
In fact in LTE, LogMeasReport and mobilityHistoryReport are together used for ANR, e.g. LogMeasReport is used to deduce the network radio condition and neighbor relation, mobilityHistoryReport is used to deduce whether ping-pong cell reselection has ever happened.

Observation 4: In LTE, LogMeasReport and mobilityHistoryReport are together used for ANR.
Based on the discussion, we can extract the useful information in LogMeasReport and mobilityHistoryReport, and re-construct the ANR reporting for NB-IoT. 

Based on the discussion above, the following information can be used for ANR report in NB-IoT.

	mobilityHistoryReport-R16   MobilityHistoryReportList-NB-r16

MobilityHistoryReportList-NB-r16  ::= SEQUENCE(SIZE(1...maxMobilityHistoryReport-r16)) OF MobilityHistoryReportInfo-NB-r16

MobilityHistoryReportInfo-NB-r16

{

cellReselectionAbsoluteTime

sourceCellId

sourceCellRSRP

targetCellId

targetCellRSRP

}


Proposal 1: A list of MobilityHistoryReportInfo is used to report the ANR information for NB-IoT, and the MobilityHistoryReportInfo should include cell reselection procedure information (e.g. cellReselectionAbsoluteTime, sourceCellId, sourceCellRSRP, targetCellId, targetCellRSRP etc).  

2.2 RLF report

Although there is not agreement about whether to support Radio link failure (RLF) report in NB-IoT, taken into account this information is useful for network maintanence(e.g. poor network detection, Mobility Robust Optimization etc), we suggest to support it in NB-IoT.
Proposal 2: RLF-Report should be supported in NB-IoT.

Based on the following RLF-Report information in LTE, there are too many items in rlf-Report to be reused directly for power sensitive NB-IoT UEs.
	RLF-Report-r9 ::=




SEQUENCE {


measResultLastServCell-r9



SEQUENCE {



rsrpResult-r9






RSRP-Range,



rsrqResult-r9






RSRQ-Range


OPTIONAL


},


measResultNeighCells-r9



SEQUENCE {



measResultListEUTRA-r9



MeasResultList2EUTRA-r9


OPTIONAL,



measResultListUTRA-r9



MeasResultList2UTRA-r9


OPTIONAL,



measResultListGERAN-r9



MeasResultListGERAN



OPTIONAL,



measResultsCDMA2000-r9



MeasResultList2CDMA2000-r9

OPTIONAL


}
OPTIONAL,


...,


[[
locationInfo-r10



LocationInfo-r10

OPTIONAL,



failedPCellId-r10





CHOICE {




cellGlobalId-r10





CellGlobalIdEUTRA,




pci-arfcn-r10






SEQUENCE {





physCellId-r10






PhysCellId,





carrierFreq-r10






ARFCN-ValueEUTRA




}



}















OPTIONAL,



reestablishmentCellId-r10

CellGlobalIdEUTRA



OPTIONAL,



timeConnFailure-r10



INTEGER (0..1023)



OPTIONAL,



connectionFailureType-r10

ENUMERATED {rlf, hof}


OPTIONAL,



previousPCellId-r10



CellGlobalIdEUTRA



OPTIONAL


]],


[[
failedPCellId-v1090



SEQUENCE {




carrierFreq-v1090



ARFCN-ValueEUTRA-v9e0



}















OPTIONAL


]],


[[
basicFields-r11




SEQUENCE {




c-RNTI-r11





C-RNTI,




rlf-Cause-r11




ENUMERATED {













t310-Expiry, randomAccessProblem,













rlc-MaxNumRetx, t312-Expiry-r12},




timeSinceFailure-r11


TimeSinceFailure-r11



}















OPTIONAL,



previousUTRA-CellId-r11


SEQUENCE {




carrierFreq-r11




ARFCN-ValueUTRA,




physCellId-r11




CHOICE {





fdd-r11






PhysCellIdUTRA-FDD,





tdd-r11






PhysCellIdUTRA-TDD




},




cellGlobalId-r11



CellGlobalIdUTRA


OPTIONAL



}















OPTIONAL,



selectedUTRA-CellId-r11


SEQUENCE {




carrierFreq-r11




ARFCN-ValueUTRA,




physCellId-r11




CHOICE {





fdd-r11






PhysCellIdUTRA-FDD,





tdd-r11






PhysCellIdUTRA-TDD




}



}















OPTIONAL


]],


[[
failedPCellId-v1250



SEQUENCE {




tac-FailedPCell-r12


TrackingAreaCode







}















OPTIONAL,



measResultLastServCell-v1250
RSRQ-Range-v1250



OPTIONAL,



lastServCellRSRQ-Type-r12

RSRQ-Type-r12




OPTIONAL,



measResultListEUTRA-v1250

MeasResultList2EUTRA-v1250

OPTIONAL


]],


[[
drb-EstablishedWithQCI-1-r13


ENUMERATED {qci1}



OPTIONAL


]],


[[
measResultLastServCell-v1360


RSRP-Range-v1360



OPTIONAL


]],


[[
logMeasResultListBT-r15

LogMeasResultListBT-r15

OPTIONAL,



logMeasResultListWLAN-r15

LogMeasResultListWLAN-r15

OPTIONAL


]]

}
RLF-Report-v9e0 ::=



SEQUENCE {


measResultListEUTRA-v9e0


MeasResultList2EUTRA-v9e0

}

MeasResultList2EUTRA-r9 ::=



SEQUENCE (SIZE (1..maxFreq)) OF MeasResult2EUTRA-r9

MeasResult2EUTRA-r9 ::=



SEQUENCE {


carrierFreq-r9





ARFCN-ValueEUTRA,


measResultList-r9




MeasResultListEUTRA

}


Taken into account that only essential RLF related information should be stored and reported with consideration on UE power saving, the following items would not be included as they may be not available for NB-IoT: previousUTRA-CellId, selectedUTRA-CellId, lastServCellRSRQ-Type, drb-EstablishedWithQCI. And the following items may be too large and would not be so necessary for NB-IoT (as it has low mobility): measResultLastServCell, locationInfo. Moreover, the naming of some items about last serving cell, previous cell, and failed cell may cause confusion. We suggest to simplify them for NB-IoT.

Observation 5: Only essential RLF related information should be stored and reported in NB-IoT rlf-Report, the LTE rlf-Report contents is not suitable to be directly reused for NB-IoT, which should be simplified in NB-IoT.
Furthermore, in NB-IoT, EarlyRLF (e.c. early-in-sync/early-out-of-sync) feature has been introduced, and the triggering condition of which is different from the legacy RLF. We understand the EarlyRLF Indication is also necessary for NB-IoT network maintenance and needs to be reported.  

Observation 6: In NB-IoT rlf-Report, the EarlyRLF Indication is necessary.
Based on these understanding, we think that the following information should be reported in NB-IoT RLF-Report. 
	rlf-Report-NB-r16

{

failedPCellId
measResultFailedCell
reestablishmentCellId

measResultNeighCells
timeStampRlfFailure

rlf-Cause

earlyRLFIndication

}


Proposal 3: Only essential RLF related information should be reported in NB-IoT rlf-Report(e.g. failedPCellId, measResultFailedCell, reestablishmentCellId, measResultNeighCells, timeStampRlfFailure, rlf-Cause, earlyRLFIndication etc).
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: Periodical logged measurement is not suitable for NB-IoT for the reason of power waste.
Observation 2: For idle mode mobility ANR, only the cell reselection procedure information is necessary(e.g. the source cell ID of cell reselection, the source cell measurement results, target cell ID of cell reselection, the neighbor cell measurement results, the timestamp of cell reselection etc.), but these information are not all be reported in LogMeasReport.
Observation 3: The mobilityHistoryReport information is not enough for ANR.
Observation 4: In LTE, LogMeasReport and mobilityHistoryReport are together used for ANR.
Observation 5: Only essential RLF related information should be stored and reported in NB-IoT rlf-Report, the LTE rlf-Report contents is not suitable to be directly reused for NB-IoT, which should be simplified in NB-IoT.
Observation 6: In NB-IoT rlf-Report, the EarlyRLF Indication is necessary.
Proposal 1: A list of MobilityHistoryReportInfo is used to report the ANR information for NB-IoT, and the MobilityHistoryReportInfo should include cell reselection procedure information (e.g. cellReselectionAbsoluteTime, sourceCellId, sourceCellRSRP, targetCellId, targetCellRSRP etc).

Proposal 2: RLF-Report should be supported in NB-IoT.

Proposal 3: Only essential RLF related information should be reported in NB-IoT rlf-Report(e.g. failedPCellId, measResultFailedCell, reestablishmentCellId, measResultNeighCells, timeStampRlfFailure, rlf-Cause, earlyRLFIndication etc).
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