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Introduction
The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80. The WID has been revised for several times and the lasted one is approved in RAN#85 [1]. The following objective is included in the WID:
	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~#107 meetings, based on the contributions, the following agreements [2] have been achieved:
	RAN2#103bis agreements:
· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)
RAN2#104 agreements:
SON/ANR:
· RAN2 understanding is that the purpose of SON/ANR reporting in NB-IoT is network optimization 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:
· 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
RAN2#106 agreements:
SON-ANR:
· ANR report does not trigger EDT.
· ANR report is not carried in EDT Msg3.
· anr-InfoAvailable indication can be reported in EDT Msg3.
· ANR procedure steps:
1)  UE receives “measurement” configuration in dedicated signalling.
2)  When the UE  is released to idle:
· The UE performs the instructed measurements according to existing RAN4 cell reselection measurement performance requirements.
· CGI reading is limited to cells being above a certain threshold. Threshold details FFS.
3)  Reporting takes place, upon network request, next time UE is connected mode again.
RAN2#107 agreements:
Configuration:
· Dedicated ANR measurement configuration is provided in RRCConnectionRelease message only.
· The list of frequencies where to perform the measurements can be optionally provided in dedicated signalling, as a subset of the frequencies signalled in system information. Per default, the list frequencies signalled in system information is used.
· Maximum of 8 carriers can be configured.
· A blacklist of cells can be optionally signalled per carrier.
Measurements:
· ANR measurements are only performed while UE remains camped on the same cell from which the ANR measurement configuration was received. (i.e. When the UE changes cell the ANR measurements are stopped).
· Neighbour cell relaxed monitoring criteria and Ssearch criteria don’t apply while performing an ANR measurement.
· ANR measurement doesn’t affect DRX / eDRX operation.
· CGI-reading applies to strongest cell on each frequency, if above the RSRP threshold.
· The RSRP threshold is an absolute threshold that is common to all frequencies.
Reporting:
· anr-InfoAvailable indication is reported in and only in RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete and RRCConnectionResumeRequest for EDT.
· The ANR report might be empty for a given carrier, if a measurement is performed and no strong cell is found.
· UE only indicates the availability of the report if 1) a report is available and 2) if the RPLMN is included in the list of EPLMNs stored by the UE when the ANR measurement was configured.
· The ANR report is discarded after:
· Timer expiry. Value FFS.
· Power off or detach.
· Reporting anr-InfoAvailable and returning to idle.
· UE Information Request / Response is the only reporting procedure for ANR measurement.
· 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.
· Serving cell RSRQ/RSRP and CGI are included in the ANR report.
· ANR reporting is optional for NB-IoT UEs with capability signaling.
· FFS: ANR applicability to 5GC.


[bookmark: OLE_LINK1]In this paper, we will further discuss the remaining FFSs for ANR report in NB-IoT and give our proposals.
Discussion
About ANR measurement duration
Based on the agreements in RAN2 #105, only single set of measurements is supported. Based on the agreements in RAN2 #107, maximum of 8 carriers can be configured for ANR measurement. But according the current specification [3], the UE shall be capable of monitoring at least:
-	Depending on UE capability, an intra-frequency carrier.
-	Depending on UE capability, at least 2 inter-frequency carriers.
Thus, different measurement capability UE may consume different time to obtain one set of measurement. Furthermore, it may be possible none of the carriers satisfy the ANR report condition (e.g. the ANR measurement is performed, but no strong cell is found to be included in the ANR report), in which case one set of measurement may not be obtained.
[bookmark: _GoBack]Observation 1: To obtain one set of measurements, the UEs with different measurement capability may consume different time. And in some cases, it may be possible that one set of measurement cannot be obtained. 
Based on the agreements in RAN2 #106, ANR measurement is performed when the UE is released to idle. According to the agreements in RAN2 #107, neighbour cell relaxed monitoring criteria and Ssearch criteria don’t apply while performing an ANR measurement. As a result, the UE will consume more power when performing ANR measurement than legacy idle mode UE. Especially when the UE performs the measurement but no ANR measurement can be obtained (e.g. UE camped on an isolated cell or the neighbor cell’s RSRP is very low), the UE may perform the ANR measurement for a long time which will consume too much power to be endured by power sensitive NB-IoT UE.
Observation 2: When one set of ANR measurement cannot be obtained, the UE may perform the ANR measurement for a long time which will consume too much power to be endured by power sensitive NB-IoT UE. 
In order to avoid too much power consumption for ANR measurement for NB-IoT UE, the following two options can be considered:
Alt1: Introducing an ANR measurement duration (Timer), only during which UE performs ANR measurement since the UE is released to idle state.
Alt2: ANR measurement does not impacts the neighbour cell relaxed monitoring criteria and Ssearch criteria. UE performs ANR measurements in idle state based on cell selection and reselection measurement and try to obtain a set of measurements (e.g. neighbour cell relaxed monitoring criteria and Ssearch criteria are applied and UE power consumption does not increase for ANR measurement). 
Proposal 1: In order to avoid too much power consumption for ANR measurement for NB-IoT UE, it suggests RAN2 to discuss whether to introduce an ANR measurement duration or allow neighbour cell relaxed monitoring criteria and Ssearch criteria to be still applied during ANR measurement.
About ANR applicability to 5GC
ANR reporting in NB-IoT is used for radio network optimization, which doesn’t matter for connection to EPC or 5GC. So, ANR should be applicable for connection to 5GC for the radio network optimization.
Considering that the CGI-info is different for connection to EPC and connection to 5GC as following, the CGI-info in the ANR reporting for connection to 5GC should be re-considered. For example, cgi-Info for 5GC have two-level PLMN list and the RAN-AreaCode should be additionally included.
	cgi-Info							SEQUENCE {
		cellGlobalId						CellGlobalIdEUTRA,
		trackingAreaCode					TrackingAreaCode,
		plmn-IdentityList					PLMN-IdentityList2				OPTIONAL
	}
CellGlobalIdEUTRA ::=					SEQUENCE {
	plmn-Identity							PLMN-Identity,
	cellIdentity							CellIdentity
}

cgi-Info-5GC-r15		SEQUENCE (SIZE (1..maxPLMN-r11)) OF CellAccessRelatedInfo-5GC-r15		OPTIONAL
cellAccessRelatedInfo-5GC-r15		SEQUENCE {
		cellBarred-5GC-r15					ENUMERATED {barred, notBarred},
		cellBarred-5GC-CRS-r15				ENUMERATED {barred, notBarred},
		cellAccessRelatedInfoList-5GC-r15	SEQUENCE (SIZE (1..maxPLMN-r11)) OF
											CellAccessRelatedInfo-5GC-r15
	}			
CellAccessRelatedInfo-5GC-r15 ::=	SEQUENCE {
	plmn-IdentityList-r15			PLMN-IdentityList-r15,
	ran-AreaCode-r15				RAN-AreaCode-r15 OPTIONAL,	-- Need OR
	trackingAreaCode-5GC-r15		TrackingAreaCode-5GC-r15,
	cellIdentity-5GC-r15			CellIdentity-5GC-r15
}


Proposal 2: ANR reporting can be applicable for connection to 5GC. The CGI-info in the ANR reporting for connection to 5GC may have two-level PLMN list and need to additionally include RAN-AreaCode information.
About timer for discarding ANR report 
In RAN2 #107 meeting, it is agreed to introduce a timer and ANR report would be discarded when the timer expires. The value for the timer is still FFS. Taken into account that ANR reporting in NB-IoT is mainly for network optimization rather than immediately updating neighbour relations which is therefore not time critical, a small value for this timer may be not so suitable. 
Furthermore, as ANR measurement and report may last for some long time, the network may have been optimized while ANR reporting and only the ANR reporting after the network optimization is useful for further network optimization. But the network optimization occasion is not aware in UE. So, it’s better for the ANR measurement reporting to include a timeSpent information (e.g. a relative time stamp) since ANR measurement is produced, which can be used for eNB to decide whether the ANR reporting is valid. Considering that network optimization will not performed frequently and the ANR reporting cannot be reported in time for NB-IoT UE that usually transmits infrequent small data, it is suggested to give timeSpent information a large value range (e.g. INTEGER (0..172800) as that in legacy LTE but can be with large unit, e.g., minutes)  in the ANR report. Implicitly, the UE can set a timer with the maximum value of timeSpent when it generates the ANR record. If timer is running when the UE is triggered to send ANR report, the elapsed time would be set as timeSpent information in the ANR report and the timer will be reset. If timer expires before the UE is triggered to send ANR report, the ANR record would be discarded.
Proposal 3: It’s suggested to include timeSpent information with a large value range (e.g. INTEGER (0..172800) with unit of minutes) in ANR report to indicates the elapsed time since the generation of ANR record. And the UE can set a timer with the maximum value of timeSpent information for discarding the ANR record. 
About empty report
In RAN2 #107 meeting, it is agreed that the ANR report might be empty for a given carrier, if a measurement is performed and no strong cell is found. But per our understanding, if the eNB has configured ANR measurement and doesn’t obtain available ANR measurement indication, the eNB can assume there has no result from ANR measurement. It’s not necessary for UE to explicitly send an empty ANR report since this will cause unnecessary signaling overhead and UE power consumption. 
Proposal 4: In order to avoid unnecessary signaling overhead and UE power consumption, UE doesn’t need to send empty ANR report.
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: To obtain one set of measurements, the UEs with different measurement capability may consume different time. And in some cases, it may be possible that one set of measurement cannot be obtained.
Observation 2: When one set of ANR measurement cannot be obtained, the UE may perform the ANR measurement for a long time which will consume too much power to be endured by power sensitive NB-IoT UE.

Proposal 1: In order to avoid too much power consumption for ANR measurement for NB-IoT UE, it suggests RAN2 to discuss whether to introduce an ANR measurement duration or allow neighbour cell relaxed monitoring criteria and Ssearch criteria to be still applied during ANR measurement.
Proposal 2: ANR reporting can be applicable for connection to 5GC. The CGI-info in the ANR reporting for connection to 5GC may have two-level PLMN list and need to additionally include RAN-AreaCode information.
Proposal 3: It’s suggested to include timeSpent information with a large value range (e.g. INTEGER (0..172800) with unit of minutes) in ANR report to indicates the elapsed time since the generation of ANR record. And the UE can set a timer with the maximum value of timeSpent information for discarding the ANR record.
Proposal 4: In order to avoid unnecessary signaling overhead and UE power consumption, UE doesn’t need to send empty ANR report.
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