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Introduction
[bookmark: _Ref178064866]At RAN#82, updated Rel-16 work item on Rel-16 enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support SON reporting for random access performance and radio link failure for network management. 
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 
 
	Below are some of the agreements from RAN2 meetings on Network management tool enhancements. 
RACH report:
Initial CEL is included in NB-IoT RACH report.

RLF report:
· The following legacy parameters are supported for RLF reporting in NB-IoT:
· Failed cell ECGI
· Last Serving Cell RSRP/RSRQ (Whether OK for CP-solution is FFS)
· Absolute Time Stamp (optional, if available)
· Location Info (optional, if available) 
· FFS: further information.
SON/ANR report:
· For a measured carrier the following information is included:
· Carrier frequency.
· Strongest cell PCI, RSRP/RSRQ.
· Strongest cell CGI-info if RSRP above the threshold.

 


 
In this contribution we discuss that it would be appropriate to also include the CE level for the case when RLF happens or for ANR report similar to the RACH report.

Discussion
A low complexity, power limited UE may operate in different coverage enhancement levels e.g. normal coverage, enhanced coverage etc. The radio resources (e.g. number of repetition of signals, antennas, transmit power etc) required to serve the UE in different CE levels vary significantly e.g. larger number of repetitions is needed in enhance CE level than in normal CE level. The UE’s CE level may also change over time. Therefore, network has to adapt its radio resources for serving different UEs in a cell. It is therefore important for the network to plan and optimize the resources especially at higher load. The low complexity UE (e.g. MTC, NB-IoT etc) can potentially be located at a location not accessible for an operator to determine for example the resources for allocation e.g. through simple drive tests. 
With the current Network management enhancements, it is possible that UE stores the initial CE level while RACH failure happens. In general CE level storage would be useful for RLF and ANR measurements. 
[bookmark: _Toc37243461][bookmark: _Toc37280097][bookmark: _Toc37344387]The logging of CE level during RLF and ANR measurements will provide better understanding of CE level utilizations and planning of resource requirements.
It is possible to derive the CE level based upon the obtained RSRP. However, CE level is relative and may have changed when the NW does the post processing. UE may perform ANR measurement within 96 hours of receiving the configuration. There may have been change in the CE level. Further, during ANR measurements, if UE has been moving it may have changed the CE level. It should not be additional complexity for the UE to record the CE level and corresponding RSRP. It can be also be useful to cross verify the obtained result RSRP is of good quality (RSRP and CE level matches) and to detect if there is any discrepancy between the detected CE level and measured RSRP values.
[bookmark: _Toc37243464][bookmark: _Toc37280100][bookmark: _Toc37344383]UE stores the CE level of the Last Serving Cell for RLF
[bookmark: _Toc37344384]UE stores the CE level of serving cell when ANR measurement is being performed. 
[bookmark: _Toc37344385]UE stores the change of CE level and corresponding RSRPs when ANR measurement is being performed.
In some cases, for ANR, when the strongest cell also becomes candidate for cell reselection, UE may do the ECGI reading after cell reselection. In such case, UE may also store the CE level of the target cell.
[bookmark: _Toc37243465][bookmark: _Toc37280101][bookmark: _Toc37344386]UE stores the CE level of the target cell during ANR measurement when possible.
Text Proposal

ANR-MeasReport-NB
The IE ANR-MeasReport-NB includes the ANR measurements information.
ANR-MeasReport-NB information element
-- ASN1START

ANR-MeasReport-NB-r16 ::=	SEQUENCE {
	servCellIdentity-r16				CellGlobalIdEUTRA			OPTIONAL,
	measResultCE-LevelList-r16			SEQUENCE (SIZE (1..3)) OF measResultCE-Level
	measResultCE-Level-r16				SEQUENCE {
	measResultServCell-r16				SEQUENCE {
		nrsrpResult-r16						NRSRP-Range-NB-r14,
		nrsrqResult-r16						NRSRQ-Range-NB-r14,
		ce-Level-r16						INTEGER (0..2) 			OPTIONAL
	},
	measResultList-r16					SEQUENCE (SIZE (1.. maxFreqANR-NB-r16)) OF ANR-MeasResult-NB-r16,
	...
}

ANR-MeasResult-NB-r16 ::=	SEQUENCE {
	carrierFreq-r16						CarrierFreq-NB-r13,
	physCellId-r16						PhysCellId					OPTIONAL,
	measResult-r16						SEQUENCE {
		nrsrpResult-r16						NRSRP-Range-NB-r14,
		nrsrqResult-r16						NRSRQ-Range-NB-r14
	}	OPTIONAL,
	cgi-Info-r16						SEQUENCE {
		cellGlobalId-r16					CellGlobalIdEUTRA,
		trackingAreaCode-r16				TrackingAreaCode,
		plmn-IdentityList-r16				PLMN-IdentityList2		OPTIONAL,
		ce-Level-r16						INTEGER (0..2) 			OPTIONAL
	}	OPTIONAL
}
-- ASN1STOP

Editor’s Note: FFS: Whether a time indication of when the ANR measurements were performed is included in the report, and whether it is a time stamp or a simple indication “immediately after going to IDLE, immediately before going to CONNECTED, in between”.

	ANR-MeasReport-NB field descriptions

	carrierFreq
Indicates the carrier frequency of the reported cell.

	ce-Level
Indicates the CE level of the reported cell.

	cgi-info 
Broadcast information of the reported cell.

	measResult
Measured results of the reported cell.

	measResultList
List of measured results for the maximum number of reported carrier frequencies.

	measResultServingCellmeasResultCE-Level
Measured results of the serving cell on a CE Level.

	plmn-IdentityList
The list of PLMN Identity read from the broadcast information of the reported cell.

	ServingCellIdentity
Indicates the cell where the measurement configuration was received.
If the field is absent, it is the same as the current serving cell.




UEInformationResponse-NB
The UEInformationResponse-NB message is used by the UE to transfer the information requested by the E-UTRAN.
Signalling radio bearer: SRB1 or SRB1bis
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to E-UTRAN
[bookmark: OLE_LINK82]UEInformationResponse-NB message
-- ASN1START

UEInformationResponse-NB-r16		::=		SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		ueInformationResponse-r16			UEInformationResponse-NB-r16-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

UEInformationResponse-NB-r16-IEs ::=	SEQUENCE {
	rach-Report-r16							RACH-Report-NB-r16					OPTIONAL,
	rlf-Report-r16							RLF-Report-NB-r16					OPTIONAL,
	anr-MeasReport-r16						ANR-MeasReport-NB-r16				OPTIONAL,
	nonCriticalExtension					SEQUENCE {}							OPTIONAL
}

RACH-Report-NB-r16 ::=					SEQUENCE {
	numberOfPreamblesSent-r16				INTEGER (1..64),
	contentionDetected-r16					BOOLEAN,
	initialNRSRP-Level-r16					INTEGER (0..2),
	edt-Fallback-r16						BOOLEAN
}

RLF-Report-NB-r16 ::=					SEQUENCE {
	failedPCellId-r16						CellGlobalIdEUTRA,
	reestablishmentCellId-r16				CellGlobalIdEUTRA					OPTIONAL,
	locationInfo-r16						LocationInfo-r10					OPTIONAL,
	measResultLastServCell-r16				SEQUENCE {
	 	nrsrpResult-r16							NRSRP-Range-NB-r14,
		nrsrqResult-r16							NRSRQ-Range-NB-r14				OPTIONAL,
		ce-Level-r16							INTEGER(0..2)					OPTIONAL
	},
	timeSinceFailure-r16					TimeSinceFailure-r11				OPTIONAL
}

-- ASN1STOP

Editor’s Note: FFS: The re-establishment cell id is also included in the RLF report for NB-IoT.

	UEInformationResponse-NB field descriptions

	anr-MeasReport
This field indicates the ANR measurement information.

	ce-Level
This field is used to indicate the ce-Level in which RLF is detected..

	contentionDetected
This field is used to indicate that contention was detected for at least one of the transmitted preambles, see TS 36.321 [6]. 

	edt-Fallback
Value TRUE indicates that EDT fallback indication was received from the lower layers, see TS 36.321 [6].

	failedPCellId
This field is used to indicate the PCell in which RLF is detected.

	initialNRSRP-Level
Indicates the NRSRP level of the NPRACH resource selected for the first preamble transmission.

	measResultLastServCell
This field refers to the last measurement results taken in the PCell, where radio link failure happened.

	numberOfPreamblesSent
This field is used to indicate the number of RACH preambles that were transmitted. Corresponds to parameter PREAMBLE_TRANSMISSION_COUNTER in TS 36.321 [6].

	reestablishmentCellId
This field is used to indicate the cell in which the re-establishment attempt was made after connection failure.

	timeSinceFailure
This field is used to indicate the time that elapsed since the connection failure. Value in seconds. The maximum value 172800 means 172800s or longer.



Conclusion
In section 2 we made the following observations:
[bookmark: _GoBack]Observation 1	The logging of CE level during RLF and ANR measurements will provide better understanding of CE level utilizations and planning of resource requirements.

Based on the discussion in section 2 we propose the following:
Proposal 1	UE stores the CE level of the Last Serving Cell for RLF
Proposal 2	UE stores the CE level of serving cell when ANR measurement is being performed.
Proposal 3	UE stores the change of CE level and corresponding RSRPs when ANR measurement is being performed.
Proposal 4	UE stores the CE level of the target cell during ANR measurement when possible.
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