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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 RAN2 #103bis meeting, the following agreements were approved [2].
	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


For this topic, in [3], we have discussed the report contents of rach-Report. In [4], we have discussed the report contents of RLF and ANR report.
In this paper, based on the use cases comparison between LTE and NB-IoT, we discuss the feasibility of reusing LTE network management tool related measurement report procedure for NB-IoT, and analyze possible enhancements, if necessary. 

2 Discussion

In LTE, the network management tool related measurement report procedure is as follows:
· UE can report its capability of rach-Report, loggedMeasurementsIdle, rlm-ReportSupport. 
(Notes: there has no mobilityHistorySupport capability, UE shall record the mobilityHistoryReport as long as the UE support it.)
· Based on the UE capability, eNB can send the RRC dedicated signalling LoggedMeasurementConfiguration to UE to active the Logged measurement. 
(Notes: there have no rach-Report and rlm-ReportSupport related measurement activation signalling. UE can perform the recording as long as the UE has the related capability.)
· UE can send the measurement result available indication (e.g. rlf-InfoAvailable, logMeasAvailable, mobilityHistoryAvail etc) in RRC establishment/reconfiguration complete message (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete, RRCConnectionReconfigurationComplete) to eNB. 

(Notes: there has no rach report available indication in RRC establishment/reconfiguration complete message, the rach report is always available as long as the UE has the related capability.)
· Based on the UE capability (e.g. rach-Repor capability) and/or measurement result available indication(e.g. rlf-InfoAvailable, logMeasAvailable, mobilityHistoryAvail etc), eNB can request the UE to report the measurement results (e.g. rach-ReportReq, rlf-ReportReq, logMeasReportReq, mobilityHistoryReportReq etc) by RRC dedicated signalling of UEInformationRequest.  

· Based on the eNB request, UE can report the measurement results (e.g. rach-Report, rlf-Report, logMeasReport, mobilityHistoryReport etc) by RRC dedicated signalling of UEInformationResponse.  

Taken into account that EDT procedure is supported in NB-IoT to efficiently transmit small data and NB-IoT is mainly used to transmit infrequent small data, EDT procedure will be a main RRC procedure for data transmission. Furthermore, in EDT procedure, the NB-IoT UE will not enter the RRC_CONNECTED state, that is different from the legacy LTE. So we need consideration on how to support the network management tool related measurement report in EDT procedure.
Observation 1: Taken into account that EDT is a main RRC procedure for data transmission in NB-IoT and NB-IoT UE may never enter the RRC_CONNECTED state for data transmission, how to support network management tool related measurement report in EDT procedure should be considered for NB-IoT.

In EDT procedure, the RRC procedure is finished in Msg4 and there has no Msg5. The UE will not enter into the RRC_CONNECTED state. Thus, for the legacy LTE network management tool related measurement report procedure, the measurement result available indication, measurement report request and measurement report cannot be sent in EDT procedure.

Observation 2: The measurement report procedure in legacy LTE is not suitable for NB-IoT EDT procedure, for LTE report procedure is usually performed in RRC_CONNECTED state and Msg5 is needed.

Furthermore, in NB-IoT, UE is power sensitive and UE power saving is very critical. As the additional dedicated signalling(e.g. LoggedMeasurementConfiguration, UEInformationRequest and UEInformationRequest) in LTE report procedure will involve additional PDCCH/PDSCH reception and additional PUSCH transmission, it will cost additional UE power and is not suitable for NB-IoT.

Observation 3: The measurement report procedure in legacy LTE is not suitable for NB-IoT, for it will cause more UE power consumption. 

In LTE report procedure, UE will record the rach-Report, rlf-Report and MobilityHistoryReport information automatically, and there has no measurement configuration for these report types. As such recording procedure would cost UE storage and UE power, it’s also not suitable for NB-IoT. 

Observation 4: The automatically measurement recording procedure is not suitable for NB-IoT, for such automatically recording would cost UE storage and UE power. 

Therefore, the network management tool related measurement report procedure in legacy LTE cannot be reused for NB-IoT directly, some enhancement are needed.

Issue 1: About the measurement report enable/disable mechanism 
Taken into account that UE power saving is critical for NB-IoT, all the network management tool related measurement should support to be enabled/disabled. A measurement is performed only when it is enabled. 

Proposal 1: All the network management tool related measurement should support to be enabled/disabled in NB-IoT. 
Generally, the measurement enable/disable information can be carried in SIB for all UEs or in dedicated RRC messages for specific 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, network management tool related measurement should only necessary during NW optimization stage, etc), it’s better to use RRC dedicated signalling to carry the enable/disable information in order to support UE-specific control. 
Considering that the ANR report measurement and RACH report measurement are performed in RRC idle state and reported in the next RRC procedure, the measurement enable/disable indication can be carried in the RRC connection release message (e.g. RRCConnectionReject, RRCConnectionRelease, RRCEarlyDataComplete etc). Considering that RLF only occurs in RRC_CONNECTED state, but needs to be reported in the next RRC procedure, and there has no RRC connection release message between RLF and the next RRC procedure, the rlf report enable/disable indication can be sent in the RRC establishment/reconfiguration message(e.g. RRCConnectionSetup, RRCConnectionResume, RRCConnectionReestablishment, RRCConnectionReconfiguration etc).

Proposal 2: For ANR report measurement and RACH report measurement, the measurement enable/disable indication can be carried in RRC connection release message; For RLF report, the report enable/disable indication can be sent in the RRC establishment/reconfiguration message.

Issue 2: About the measurement reporting request and report 
For EDT procedure, the Msg3 is the first RRC message and Msg4 is the last RRC message, no measurement reporting request can be sent to UE. Taken into account that the network management tool related measurement report can be enabled/disabled per proposal 2, the measurement reporting can be reported as long as the measurement is enabled and the measurement records are available.

Observation 5: In EDT procedure, no measurement reporting request can be sent to UE. 

Proposal 3: In NB-IoT, the network management tool related measurement results are reported as long as the measurement is enabled and the measurement records are available (e.g. the reporting request is not necessary). 
Taken into account that at most 1000bits can be transmitted over the EDT Msg3 and the EDT Msg3 cannot be segmented, the network management tool related measurement results can be carried in EDT Msg 3 if the EDT Msg 3 can accommodate all the measurement results. Otherwise, the measurement results available indication can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) to trigger eNB to fallback to legacy procedure so that the measurement results can be reported in RRC_CONNECTED.

Proposal 4: The network management tool related measurement results can be carried over EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate the network management tool related measurement results.

Proposal 5: The network management tool related measurement report available indication can be carried over EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 cannot accommodate the network management tool related measurement results.

For EDT procedure, when the network management tool related measurement report data cannot be accommodated in EDT Msg3 and the measurement report available indication is carried in Msg3, UE can report the measurement results in Msg5(e.g. e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).

For legacy RRC procedure, if the measurement is enabled and the measurement records is available, eNB can report the measurement results in Msg5 (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete)

Proposal 6: The network management tool related measurement results can be carried over RRC Msg5 (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete). 
Taken into account that only UE supports the functions (e.g. rach-Report, rlf-Report, anr-Report, etc), UE can be enabled the function. Furthermore, it is not necessary that all the network management tool related measurement report functions are supported by the same UE (e.g. stationary UE need not perform mobilityHistoryReport, but rach-Report and rlf-Report may be necessary). Therefore, the UE capability for network management tool related measurement report should be reported for each function(e.g. rach-ReportSupport, rlf-ReportSupport, mobilityHistoryReportSupport, etc).
Proposal 7: UE should report its network management tool related measurement report capability for each function (e.g. rach-ReportSupport, rlf-ReportSupport, mobilityHistoryReportSupport, etc).   

3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: Taken into account that EDT is a main RRC procedure for data transmission in NB-IoT and NB-IoT UE may never enter the RRC_CONNECTED state for data transmission, how to support network management tool related measurement report in EDT procedure should be considered for NB-IoT.
Observation 2: The measurement report procedure in legacy LTE is not suitable for NB-IoT EDT procedure, for LTE report procedure is usually performed in RRC_CONNECTED state and Msg5 is needed.

Observation 3: The measurement report procedure in legacy LTE is not suitable for NB-IoT, for it will cause more UE power consumption.

Observation 4: The automatically measurement recording procedure is not suitable for NB-IoT, for such automatically recording would cost UE storage and UE power.

Observation 5: In EDT procedure, no measurement reporting request can be sent to UE. 

Proposal 1: All the network management tool related measurement should support to be enabled/disabled in NB-IoT.

Proposal 2: For ANR report measurement and RACH report measurement, the measurement enable/disable indication can be carried in RRC connection release message; For RLF report, the report enable/disable indication can be sent in the RRC establishment/reconfiguration message.
Proposal 3: In NB-IoT, the network management tool related measurement results are reported as long as the measurement is enabled and the measurement records are available (e.g. the reporting request is not necessary).
Proposal 4: The network management tool related measurement results can be carried over EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate the network management tool related measurement results.

Proposal 5: The network management tool related measurement report available indication can be carried over EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 cannot accommodate the network management tool related measurement results.
Proposal 6: The network management tool related measurement results can be carried over RRC Msg5 (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 7: UE should report its network management tool related measurement report capability for each function (e.g. rach-ReportSupport, rlf-ReportSupport, mobilityHistoryReportSupport, etc).
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