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Discussion and decision

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 the scope of the network management tool, only the network management tool related measurement report mechanism needs specification work. In E-UTRAN specification, network management tool related measurement report is already supported. 
In this paper, based on the use cases comparison between E-UTRAN and NB-IoT, we will discuss the feasibility of reusing E-UTRAN network management tool related measurement report mechanism (shortly referred to as measurement report in some of the later paragraphs) for R16 NB-IoT from the following aspects: measurement report contents, measurement availability indication, measurement report request and measurement report, measurement configuration, UE capability. Based on the analysis, some necessary enhancements are identified.   
2 Discussion

2.1 Contents of measurement report 
In the following part, we firstly provide a content list of network management tool related measurement report in legacy LTE, and give our analysis on whether and what report types and their items are applicable to NB-IoT. Secondly, based on the NB-IoT-specific requirements, we give our suggestion on what new items for each report type of measurement report would be added to NB-IoT.
	Contents of measurement report in E-UTRAN
	Whether can be reused for NB-IoT

	Report Type
	Items
	

	rach-Report
	numberOfPreamblesSent

contentionDetected
	Partially. 

Based on the WID objective, “Random access performance” should be reported. But in E-UTRAN, only numberOfPreamblesSent and contentionDetected IE are included in rach-Report. And numberOfPreamblesSent is an accumulated result in latest RACH procedure.

In NB-IoT, different CEL is involved and preamble transmission would be firstly counted per each CEL and then counted by total, so we think only numberOfPreamblesSent is not enough. Furthermore, in legacy LTE once the RACH procedure is finally failed, the RACH problem cannot be reported. 
Therefore, we suggested one or more rach-Report records (e.g., not only the last RACH procedure record) should be supported and each includes more detailed information of the procedure. 

The following is an example, the items marked highlight yellow are the new ones for NB-IoT (similar mark for the other report type):
rach-ReportList-NB
{
· initialCEL or measRSRP
· numberOfPreamblesSentPerCel
· failureCause
· nprachResourceType(e.g. EDT or non-EDT, Fmt0/1 or Fmt2 etc)
· contentionDetected
}

	rlf-Report
	measResultLastServCell

measResultNeighCells

locationInfo
failedPCellId

reestablishmentCellId

timeConnFailure

connectionFailureType

previousPCellId

c-RNTI

rlf-Cause

timeSinceFailure

previousUTRA-CellId

selectedUTRA-CellId

lastServCellRSRQ-Type

measResultListEUTRA
drb-EstablishedWithQCI
...
	Partially.

Based on the WID objective, “Radio link failure (RLF)” should be reported, if needed. For network maintenance, RLF reporting can be used for MRO, ANR etc, so this report type is also necessary to be reported in NB-IoT.

As there are so many items in rlf-Report and we hope only essential information should be stored and reported with consideration on UE power saving. We think 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 be cause some confusion that can be simplified for NB-IoT.
Furthermore, in NB-IoT, EarlyRLF (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 network maintenance and needs to be reported. 

The following is an example:

rlf-Report-NB
{  
· measResultNeighCells 
· failedPCellId
· measResultFailedCell
· reestablishmentCellId
· timeConnFailure
· rlf-Cause
· timeSinceFailure

· earlyRLFIndication  
}

	LogMeasReport
	absoluteTimeStamp

traceReference

traceRecordingSessionRef

tce-Id

logMeasInfoList

logMeasAvailable

locationInfo

relativeTimeStamp

servCellIdentity

measResultServCell

measResultNeighCells

......
	No. 

The Log measurement includes lots of log information (especially measResultNeighCells, locationInfo, etc), which would cost lots of UE storage and UE power consumption for reporting. We understand most items are general information and not related to special error cases, so not all of them are important to network management. 

Furthermore, as NB-IoT has high requirements on device cost and power saving, we suggest not to apply this report type to NB-IoT at all.

	ConnEstFailReport
	failedCellId

locationInfo

measResultFailedCell

measResultNeighCells

numberOfPreamblesSent

contentionDetected

maxTxPowerReached

timeSinceFailure

measResultListEUTRA
	No.

Different from that of random access procedure, we think most of failure problems for RRC Connection Establishment procedure could be detected by network own performance statistic function. So we also suggest not to apply this report type to NB-IoT.  

	MobilityHistoryReport
	VisitedCellInfoList

{
visitedCellId

timeSpent
}


	Partially.

Based on the WID objective, “Cell Global Identity and strongest measured cell(s)” should be reported. This information would come from report type MobilityHistoryReport.
In E-UTRAN, only visitedCellId and timeSpent IE are included in MobilityHistoryReport. We think they are not enough for NB-IoT. For example, the timeSpent item is for recoding 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 mobility 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 but this would be implicit requirement of the objective item in WID. 

Based on the above analysis, for ANR, we suggest the following structure and information for NB-IoT: 

MobilityHistoryReportList-NB
{
· sourceCellId
· sourceCellRSRP
· visitedCellId

· visitedCellRSRP
· cellReselectionAbsoluteTime
}


Proposal 1: The rach-Report, rlf-Report and MobilityHistoryReport in E-UTRAN are needed for Network management tool enhancement for NB-IoT. The removed items and new added ones for these report types listed in the above table should be discussed. 

Proposal 2: The LogMeasReport and ConnEstFailReport in E-UTRAN are not needed in NB-IoT.

In the following part, based on the NB-IoT-specific requirements or new functions, we give our suggestion on what new report type should be added to NB-IoT. Here we think the new function of UL transmission over preconfigured resources should be considered. 
	Additional contents of measurement report for NB-IoT
	Comments

	Report Type
	Items
	

	dataTxFailOnIdlePreconfiguredResourceReport
	dataTxFailOnIdlePreconfiguredResourceList

{

· RSRP

· failureCause

· PreconfiguredResourceType

}
	It has been agreed that UL transmission over preconfigured resources for idle mode UE would be specified in R16 NB-IoT. This function is somewhat similar with the random access process, that is, data transmission failure over preconfigured UL resources in idle mode cannot be perceived by eNB. So we think that the statistic information of this function reported from UE to eNB would be important for network to do troubleshooting and optimize resources allocation. Then we propose this new report type. 


Proposal 3: It’s suggest to introduce additional new report type for recording idle mode data transmission failure over preconfigured UL resources for NB-IoT.

2.2 Measurement availability indication
In E-UTRAN, before the UE and eNB really perform the measurement report, an indication for indicating whether the measurement results are available in UE should be reported to eNB. Only when the measurement results are available in UE, the network can request the UE to do measurement report. Generally we think such mechanism should also be considered for NB-IoT.
	Messages for including measurement available indication in E-UTRAN
	Whether can be reused for NB-IoT

	RRCConnectionSetupComplete
	Yes. 
The Msg5 also can be used to carry the measurement available indication in NB-IoT. But it is not enough. The reason is in NB-IoT EDT procedure, msg5 does not exist. So some additional messages are needed.  

	RRCConnectionResumeComplete
	

	RRCConnectionReestablishmentComplete
	

	RRCConnectionReconfigurationComplete
	


Observation 1: Msg5 can be used to carry the network management tool related measurement available indication for NB-IoT, but they cannot cover all the use cases in NB-IoT, e.g., the EDT procedure.
	Additional messages for including measurement available indication message in NB-IoT 
	Comments

	RRCConnectionRquest
	For basic EDT procedure, no Msg5 is available. The Msg3 would be straightforward option to carry this indication. 

Furthermore, after the eNB gets this indication and will request the UE to report its measurement results, eNB may fallback the EDT procedure to legacy procedure.

	RRCConnectionResumeRquest
	

	RRCEarlyDataRequest
	


Proposal 4: In NB-IoT, using Msg3 or Msg5 to carry the network management tool related measurement available indication should be supported.

In the following part, we further check whether the content of measurement available indication in can be reused for NB-IoT.
	Contents of measurement available indication
	Whether can be reused for NB-IoT

	rlf-InfoAvailable
	Yes. 

	logMeasAvailable
	No. as LogMeasReport should not be supported in NB-IoT. 

	connEstFailInfoAvailable
	No. as logMeasReport should not be supported in NB-IoT. 

	mobilityHistoryAvail
	Yes. 


Proposal 5: rlf-InfoAvailable and mobilityHistoryAvail in the existing measurement available indication are needed for NB-IoT.
Based on the above analysis, we think some additional available indications related to the new added items in the existing report type and new report type should be considered.
	Additional contents for measurement available indication in NB_IoT
	Comments

	dataTxFailOnIdlePreconfiguredResourceAvailable
	This report type of dataTxFailOnIdlePreconfiguredResourceReport is mainly for recording UL transmission failure over preconfigured resouces in idle mode. If there has no failure, then the report would not be available. So an available indication for it would be needed. 


Proposal 6: The new measurement available indication of dataTxFailOnIdlePreconfiguredResourceAvailable should be introduced in NB-IoT.

2.3 Measurement report request mechanism

In the following part, we will further check whether the measurement report request messages in legacy LTE could be reused by NB-IoT. And whether new additional information or messages are needed.
	Measurement report request message in E-UTRAN
	Whether can be reused for NB-IoT

	UEInformationRequest
	Yes. 

The UEInformationRequest message can be reused by NB-IoT as the network management tool related measurement report request message. 

However, with similar analysis for observation 1, there would not exist UEInformationRequest in EDT procedure. As we have proposed to introduce measurement available indication in Msg3, e.g, for EDT procedure, it will be feasible for NB-IoT to use Msg4 as measurement report request message. Moreover, when the eNB uses Msg4 to request measurement report, eNB would also indicate fallback the UE to RRC_CONNECTED, e.g., in order to let UE report the measurement results. 


Observation 2: UEInformationRequest can be used by NB-IoT as the network management tool related measurement report request message, but it cannot cover all the use cases in NB-IoT, e.g., the EDT procedure. 

Proposal 7: In NB-IoT, the network management tool related measurement report request can be carried on UEInformationRequest or RRC Msg4.
	Contents of report request in E-UTRAN
	Whether can be reused for NB-IoT

	rach-ReportReq
	Yes. as rach-Report is necessary for NB-IoT.

	rlf-ReportReq
	Yes. as rlf-Report is necessary for NB-IoT.

	logMeasReportReq
	No. as logMeasReport is not needed for NB-IoT.

	connEstFailReportReq
	No. as the connEstFailReportReq is not needed for NB-IoT.

	mobilityHistoryReportReq
	Yes. as mobilityHistoryReport is necessary for NB-IoT.


Proposal 8: The rach-ReportReq, rlf-ReportReq and mobilityHistoryReportReq in E-UTRAN should be supported for network management tool enhancement related measurement report request in NB-IoT. 

Proposal 9: The logMeasReportReq and connEstFailReportReq are not needed in NB-IoT.

	Additional contents of measurement report request for NB-IoT
	Comments

	dataTxFailOnIdlePreconfiguredResourceReq
	This is needed for requesting the new report type dataTxFailOnIdlePreconfiguredResourceReport As ransmission.


Proposal 10: It’s suggest to introduce dataTxFailOnIdlePreconfiguredResourceReq for network management tool enhancement related measurement report request in NB-IoT.

2.4 Measurement report mechanism

In the following part, we will further check whether the measurement report messages in legacy LTE could be reused by NB-IoT. And whether new additional information or messages are needed.
	Measurement report message in E-UTRAN
	Whether can be reused for NB-IoT

	UEInformationResponse
	Yes.

The UEInformationResponse message can be used by NB-IoT as the network management tool related measurement report message. 

However, with similar analysis for observation 2, for EDT case, it should be allowed that when the eNB gets available indication from Msg3 and uses Msg4 to request measurement report, eNB would also indicate fallback the UE to RRC_CONNECTED in Msg4, e.g., in order to let UE report the measurement results. And then the UE could use Msg5 to report the related measurement results.
Furthermore, if the total volume of the related measurement report is less than 1000bits, the above measurement report procedure can be further simplified. That is, the network management tool related measurement report can also be carried in EDT msg3. 


Proposal 11: In NB-IoT, the network management tool related measurement report information can be carried on UEInformationResponse, RRC Msg5 or EDT Msg3.

2.5 Measurement configuration

In the following part, we will further check whether the measurement configuration message in legacy LTE could be reused by NB-IoT. And whether new additional information or messages are needed.
	Measurement configuration message in E-UTRAN
	Whether can be reused for NB-IoT

	LoggedMeasurementConfiguration
	No. 

This message is used to configure the LoggedMeasurement. As we propose not to support LogMeasReport in NB-IoT. We think such configuration would not be needed.


Proposal 12: The LoggedMeasurementConfiguration is not supported in NB-IoT.

In E-UTRAN, UE will record the rach-Report, rlf-Report and MobilityHistoryReport information automatically, and no measurement configuration for these report types are needed. As such recording procedure would cost UE storage and UE power, we think it’s not suitable for NB-IoT. So we suggest that in NB-IoT all the network management tool related measurement could be controlled by measurement configuration. A measurement is performed only when it is configured. 

For simplify, it’s no need to introduce separate measurement configuration messages for each measurement report type. We can just include the necessary measurement configuration information in system information messages or some dedicated messages, as listed in the following table:
	Additional measurement configuration message for NB-IoT
	Comments

	RRCConnectionReject
	In order to provide measurement configuration for the above measurements performed in RRC_IDLE or during RRC state transition, the measurement configuration can be carried on the message that indicate the UE to go to RRC_IDLE state for specific UE, or carried on SystemInformationBlockType2 for all UEs.
Taken into account that not all the UEs need to perform all the network management tool related measurement, e.g., stationary UE need not perform mobilityHistoryReport, UE without idle mode preconfigured resources need not perform dataTxFailOnIdlePreconfiguredResourceReport,etc, it’s better to use RRC dedicated signalling to carry the measurement configuration in order to support UE-specific control.

	RRCConnectionRelease
	

	RRCEarlyDataComplete
	

	SystemInformationBlockType2 
	


Proposal 13: In NB-IoT, the network management tool related measurement configuration can be carried on dedicated messages, such as RRCConnectionReject, RRCConnectionRelease, RRCEarlyDataComplete.
2.6 Measurement capability report
In the following part, we will further check whether the UE’s measurement capability report procedure in legacy LTE could be reused by NB-IoT. And whether new additional information or messages are needed.
	Measurement capability report message in E-UTRAN
	Whether can be reused for NB-IoT

	UECapabilityInformation
	Yes. 
UE capability report is necessary to trigger the measurement configuration procedure.  


	Contents of measurement capability in E-UTRAN
	Whether can be reused for NB-IoT

	UE-EUTRA-Capability>...>rach-Report
	Yes. 



	UE-EUTRA-Capability>...>loggedMeasurementsIdle
	No. as loggedMeasurementReport is not needed for NB-IoT.

	UE-EUTRA-Capability>...>rlm-ReportSupport
	Yes.




Proposal 14: Except loggedMeasurementsIdle, the UECapabilityInformation in E-UTRAN should be supported for UE to report its network management tool related measurement capability in NB-IoT.
	Additional contents of measurement capability for NB-IoT
	Comments

	mobilityHistoryReportSupport
	The mobilityHistoryReport is not applicable for all the NB-IoT UE, e.g, it’s not applicable to stationary UE. So an optional UE capability is needed.

	dataTxFailOnIdlePreconfiguredResourceSupport
	The dataTxFailOnIdlePreconfiguredResource is not applicable for all the NB-IoT UE, e.g, it’s not applicable to the UE which doesn’t support transmission on preconfigured resources. So an optional UE capability is needed.


Proposal 15: The following new measurement capability should be introduced for NB-IoT: mobilityHistoryReportSupport and dataTxFailOnIdlePreconfiguredResourceSupport.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: Msg5 can be used to carry the network management tool related measurement available indication for NB-IoT, but they cannot cover all the use cases in NB-IoT, e.g., the EDT procedure.
Observation 2: UEInformationRequest can be used by NB-IoT as the network management tool related measurement report request message, but it cannot cover all the use cases in NB-IoT, e.g., the EDT procedure. 

Proposal 1: The rach-Report, rlf-Report and MobilityHistoryReport in E-UTRAN are needed for Network management tool enhancement for NB-IoT. The removed items and new added ones for these report types listed in the above table should be discussed. 

Proposal 2: The LogMeasReport and ConnEstFailReport in E-UTRAN are not needed in NB-IoT.

Proposal 3: It’s suggest to introduce additional new report type for recording idle mode data transmission failure over preconfigured UL resources for NB-IoT.

Proposal 4: In NB-IoT, using Msg3 or Msg5 to carry the network management tool related measurement available indication should be supported.

Proposal 5: rlf-InfoAvailable and mobilityHistoryAvail in the existing measurement available indication are needed for NB-IoT.
Proposal 6: The new measurement available indication of dataTxFailOnIdlePreconfiguredResourceAvailable should be introduced in NB-IoT.
Proposal 7: In NB-IoT, the network management tool related measurement report request can be carried on UEInformationRequest or RRC Msg4.
Proposal 8: The rach-ReportReq, rlf-ReportReq and mobilityHistoryReportReq in E-UTRAN should be supported for network management tool enhancement related measurement report request in NB-IoT. 

Proposal 9: The logMeasReportReq and connEstFailReportReq are not needed in NB-IoT.

Proposal 10: It’s suggest to introduce dataTxFailOnIdlePreconfiguredResourceReq for network management tool enhancement related measurement report request in NB-IoT.

Proposal 11: In NB-IoT, the network management tool related measurement report information can be carried on UEInformationResponse, RRC Msg5 or EDT Msg3.

Proposal 12: The LoggedMeasurementConfiguration is not supported in NB-IoT.

Proposal 13: In NB-IoT, the network management tool related measurement configuration can be carried on dedicated messages, such as RRCConnectionReject, RRCConnectionRelease, RRCEarlyDataComplete.
Proposal 14: Except loggedMeasurementsIdle, the UECapabilityInformation in E-UTRAN should be supported for UE to report its network management tool related measurement capability in NB-IoT.
Proposal 15: The following new measurement capability should be introduced for NB-IoT: mobilityHistoryReportSupport and dataTxFailOnIdlePreconfiguredResourceSupport.
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