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Introduction
At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved. One of the objectives in this work item is to support ANR reporting 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




SON-ANR discussion have already taken place in a few meetings and 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

RAN2#104 agreements:
SON-ANR:
· RAN2 understanding is that the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations like with LTE ANR, and is therefore not time critical.
· SON reporting does not trigger RRC connection establishment/resume
· FFS whether this includes EDT.
· SON information can be reported along with EDT, FFS what and how.


RAN2#105 agreements:
SON-ANR:
· Solution direction based on option a:
· Single set of measurements only.
· No new measurement requirements.
· ANR measurement reporting using the UE Information Request / Response framework is supported. Other methods FFS.
· ANR reporting for the CP solution is not supported in Rel-16. 




In this document we discuss the procedure for ANR measurements taking into account the agreements of RAN2#105bis. 
We address the same topics as discussed in the e-mail discussion that took place before RAN2#105 [1].

Discussion
Purpose of ANR measurements in NB-IoT
The ANR measurement procedure in LTE is described in TS 36.300. It is performed in RRC_CONNECTED mode in two successive steps as follows:
· Strongest cell measurement
The eNB requests the UE to perform a ‘strongest cell’ measurement on a frequency.
The UE reports the measurement together with the cell PCI but not the cell EGCI.
· CGI reading
If the eNB is interested in getting information of the reported PCI, the eNB requests the UE to read the ECGI, the TAC and all available PLMN ID(s) of the related neighbour cell.
The UE reports the requested information (cgi-Info) to the eNB.

In our view, the purpose of ANR measurements in NB-IoT is similar to LTE, i.e. get the strongest cell measurement on the frequency and, if the cell is of interest to the eNB, get the system information of the cell (cgi-Info). 

Proposal 1: The purpose of ANR measurements in NB-IoT is bifold, get the strongest cell measurement on the frequency and, if the cell is of interest to the eNB, get the system information of the cell (cgi-Info). 

How and when to perform ANR measurements
At RAN#105bis, RAN2 agreed to specify a measurements method based on option a), 
During Email discussion [104#44][NB-IoT R16] SON/ANR report, measurement method based on option a) immediate measurements was discussed. 
The general understanding was that the procedure was the mirror of the procedure in LTE with the following differences: 
· the eNB configures the ‘strongest cell’ measurement and CGI measurement together compared to two successive steps in LTE
· the ‘strongest cell’ measurement and the CGI measurement are performed in RRC_IDLE instead of RRC_CONNECTED
· the measurements results are stored for later reporting compared to immediate reporting in LTE.

Proposal 2: The following procedure for ANR measurements in NB-IoT is used as a baseline:
Upon entering idle mode, the UE:
1. performs a “strongest cell” measurement for the frequency(ies) configured by the NW (to be defined). 
2. for the strongest cell measured on the frequency and if considered of interest based on the configuration (to be defined, e.g. blacklist, whitelist, RSRP level…), performs the CGI reading, i.e. reads the system information for neighbour relation information, e.g. CGI, TAC, PLMN 
3. stores the “strongest cell” measurement result and, if available, the CGI-info for later reporting. 

Note that the ANR measurements in LTE are related to the current serving cell, we assume the same will apply in NB-IoT.
Proposal 3: The ANR measurements (strongest cell measurement and CGI reading) are only performed when camping in the cell where they have been configured. If the UE reselects to another cell when entering idle, the UE discards the ANR measurement configuration.

At RAN2#105, it was agreed: 
· Single set of measurements only.
· No new measurement requirements

In our understanding, this means that the UE performs one “strongest cell measurement” on a frequency according to the measurement requirements defined in TS 36.133 for cell reselection.
We think the measurements for ANR should be performed “immediately” when entering Idle mode, similarly to positioning measurements, i.e. before entering long sleep mode. The UE would then follow the measurements requirements corresponding to UE not configured for eDRX in TS 36.133.  
Proposal 4: The UE performs the ANR “strongest cell measurement” when entering Idle mode, based on the cell reselection measurement requirements defined in 36.133 for UE not configured with eDRX.
Proposal 5: When the “strongest cell” measurement is available, if required by configuration, the UE reads the system information of the strongest cell and stores the measurement result together with the CGI info for later reporting. The ANR measurement procedure terminates.
Contents of the ANR measurements report
During Email discussion [104#44][NB-IoT R16] SON/ANR report, all companies agree with at least the same contents as LTE (carrier frequency, PCI, CGI-info, RSRP/RSRQ) for the measured strongest cell.
Proposal 6: Carrier frequency, PCI, NRSRP/NRSRQ and optionally CGI-info of the measured strongest cell are included in the ANR report for one frequency.


The report should also include information about the serving cell. 
During Email discussion [104#44][NB-IoT R16] SON/ANR report, all companies agree that at least NRSRP/NRSRQ of the serving cell are included in the ANR report
Proposal 7: NRSRP/NRSRQ of the serving cell is included in the ANR report.

In addition, due to deferred reporting, the UE may move away between the time when it performs the measurement and the time when it reports the measurement. Then identity of the serving cell where the measurements were performed needs to be included in the ANR report. 
Proposal 8: ECGI of the serving cell is included in the ANR report.

Finally, due to deferred reporting, an indication of when the measurements were performed needs to be included in the ANR report. 
Proposal 9: A relative timestamp indicating the elapsed measurements since the measurements were performed is included in the ANR report.

Proposal 10: Take the ASN.1 below as a baseline for the ANR report in NB-IoT
ANR-Report-NB-r16 ::=	SEQUENCE {
	relativeTimeStamp-r16		INTEGER (0..FFS),
	servCellIdentity-r16		CellGlobalIdEUTRA,
	measResultServCell-r16		SEQUENCE {
		rsrpResult-r16				NRSRP-Range-NB-r14,
		rsrqResult-r16				NRSRQ-Range-NB-r14
	},
	anr-MeasResultList-r16		SEQUENCE (SIZE (1..maxFreq)) OF ANR-MeasResult-NB-r16	OPTIONAL
}

ANR-MeasResult-NB-r16			SEQUENCE {
	carrierFreq-r16					CarrierFreq-Nb-r13,
	physCellId-r16					PhysCellId,
	measResult-r16					SEQUENCE {
		rsrpResult-r16					NRSRP-Range-NB-r14,
		rsrqResult-r16					NRSRQ-Range-NB-r14
	},
	cgi-Info-r16					SEQUENCE {
		cellGlobalId-r16				CellGlobalIdEUTRA,
		trackingAreaCode-r16			TrackingAreaCode,
		plmn-IdentityList-r16			SEQUENCE (SIZE (1..5)) OF PLMN-Identity	OPTIONAL
	}		OPTIONAL
}

ANR measurements configuration
During Email discussion [104#44][NB-IoT R16] SON/ANR report, there was a majority of companies proposing to use RRCConnectionRelease message for the ANR configuration.
Proposal 11: The ANR measurement configuration is provided in RRCConnectionRelease message.

During Email discussion [104#44][NB-IoT R16] SON/ANR report, it was proposed that the eNB configures the list of frequencies on which to perform the ANR measurements.
Proposal 12: The ANR measurements configuration optionally includes the list of frequencies of interest. By default, this can be all frequencies signalled in system information.

During Email discussion [104#44][NB-IoT R16] SON/ANR report, a number of parameters were proposed to indicate the cells of interest for CGI reading: Blacklist, Whitelist, RSRP threshold below which the UE does not acquire the CGI info.
Proposal 13: The ANR measurements configuration optionally includes a blacklist or a whitelist of cells per frequency for CGI reading.
Proposal 14: The ANR measurements configuration includes an absolute RSRP threshold for the measured cell, common to all frequencies, below which the UE does not acquire the CGI info. 

Proposal 15: Take the ASN.1 below as a baseline for the ANR configuration in NB-IoT
ANR-Config-NB-r16 ::=		SEQUENCE {
	nrsrp-ThreshMeasCell-r16	NRSRP-Range-NB-r14,
	anr-FreqConfigList-r16		SEQUENCE (SIZE (1..maxFreq)) OF ANR-FreqConfig-NB-r16	OPTIONAL
}

ANR-FreqConfig-NB-r16	SEQUENCE {
	freqIndex-r16				Integer (1..maxFreq),
	whiteCellList-r16			SEQUENCE (SIZE (1..maxCellInter)) OF PhysCellId OPTIONAL,-- Need OR
	blackCellList-r16			SEQUENCE (SIZE (1..maxCellInter)) OF PhysCellId	OPTIONAL -- Need OR
}
ANR measurements reporting
At RAN2#105, the following was agreed:
· ANR measurement reporting using the UE Information Request / Response framework is supported. Other methods FFS.

For the sake of simplicity, we propose this to be the only reporting method.
Proposal 16: The UE Information Request / Response framework is the only reporting method for ANR measurements in NB-IoT.
Conclusion
In this document, we have proposed an outline for the ANR measurement procedure in NB-IoT and made the following proposals:
Proposal 1: The purpose of ANR measurements in NB-IoT is bifold, get the strongest cell measurement on the frequency and, if the cell is of interest to the eNB, get the system information of the cell (cgi-Info). 
Proposal 2: The following procedure for ANR measurements in NB-IoT is used as a baseline:
Upon entering idle mode, the UE:
1. performs a “strongest cell” measurement for the frequency(ies) configured by the NW (to be defined). 
2. for the strongest cell measured on the frequency and if considered of interest based on the configuration (to be defined, e.g. blacklist, whitelist, RSRP level…), performs the CGI reading, i.e. reads the system information for neighbour relation information, e.g. CGI, TAC, PLMN 
3. stores the “strongest cell” measurement result and, if available, the CGI-info for later reporting. 
Proposal 3: The ANR measurements (strongest cell measurement and CGI reading) are only performed when camping in the cell where they have been configured. If the UE reselects to another cell wen entering idle, the UE discards the ANR measurement configuration.
Proposal 4: The UE performs the ANR “strongest cell” measurement when entering Idle mode, based on the cell reselection measurement requirements defined in 36.133 for UE not configured with eDRX.
Proposal 5: When the “strongest cell” measurement is available, if required by configuration, the UE reads the system information of the strongest cell and stores the measurement result together with the CGI info for later reporting. The ANR measurement procedure terminates.
Proposal 6: Carrier frequency, PCI, NRSRP/RNSRQ and optionally CGI-info of the measured strongest cell are included in the ANR report for one frequency.
Proposal 7: NRSRP/NRSRQ of the serving cell is included in the ANR report.
Proposal 8: ECGI of the serving cell is included in the ANR report.
Proposal 9: A relative timestamp indicating the elapsed since the measurements were performed is included in the ANR report.
Proposal 10: Take the ASN.1 below as a baseline for the ANR report in NB-IoT.
ANR-Report-NB-r16 ::=	SEQUENCE {
	relativeTimeStamp-r16		INTEGER (0..FFS),
	servCellIdentity-r16		CellGlobalIdEUTRA,
	measResultServCell-r16		SEQUENCE {
		rsrpResult-r16				NRSRP-Range-NB-r14,
		rsrqResult-r16				NRSRQ-Range-NB-r14
	},
	anr-MeasResultList-r16		SEQUENCE (SIZE (1..maxFreq)) OF ANR-MeasResult-NB-r16	OPTIONAL
}

ANR-MeasResult-NB-r16			SEQUENCE {
	carrierFreq-r16					CarrierFreq-Nb-r13,
	physCellId-r16					PhysCellId,
	measResult-r16					SEQUENCE {
		rsrpResult-r16					NRSRP-Range-NB-r14,
		rsrqResult-r16					NRSRQ-Range-NB-r14
	},
	cgi-Info-r16					SEQUENCE {
		cellGlobalId-r16				CellGlobalIdEUTRA,
		trackingAreaCode-r16			TrackingAreaCode,
		plmn-IdentityList-r16			SEQUENCE (SIZE (1..5)) OF PLMN-Identity	OPTIONAL
	}		OPTIONAL
}

Proposal 11: The ANR measurement configuration is provided in RRCConnectionRelease message.
Proposal 12: The ANR measurements configuration optionally includes the list of frequencies of interest. By default, this can be all frequencies signalled in system information.
Proposal 13: The ANR measurements configuration optionally includes a blacklist or a whitelist of cells per frequency for CGI reading.
Proposal 14: The ANR measurements configuration includes an absolute RSRP threshold for the measured cells, common to all frequencies, below which the UE does not acquire the CGI info. 
Proposal 15: Take the ASN.1 below as a baseline for the ANR configuration in NB-IoT
ANR-Config-NB-r16 ::=		SEQUENCE {
	nrsrp-ThreshMeasCell-r16	NRSRP-Range-NB-r14,
	anr-FreqConfigList-r16		SEQUENCE (SIZE (1..maxFreq)) OF ANR-FreqConfig-NB-r16	OPTIONAL
}

ANR-FreqConfig-NB-r16	SEQUENCE {
	freqIndex-r16				Integer (1..maxFreq),
	whiteCellList-r16			SEQUENCE (SIZE (1..maxCellInter)) OF PhysCellId OPTIONAL,-- Need OR
	blackCellList-r16			SEQUENCE (SIZE (1..maxCellInter)) OF PhysCellId	OPTIONAL -- Need OR
}

Proposal 16: The UE Information Request / Response framework is the only reporting method for ANR measurements in NB-IoT.
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