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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#83 [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 #105 meeting, based on the contributions, the following agreements have been achieved:
	RAN2#105 agreements:
· The UE informs network about having an RLF report available via rlf-InfoAvailable indication during the initial RRC connection re-establishment process after RLF. The rlf-InfoAvailable parameter is included in Msg5 of the RRC connection re-establishment process.
· It is up to the network to decide when to request for the RLF report, using UEInformationRequest/UEInformationResponse procedure.
· In case of no/failed RRC connection re-establishment, the UE may store the RLF report for indicating rlf-InfoAvailable in Msg5 of later connection establishment.
· 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.
· RLF reporting does not trigger RRC connection establishment/resume, including EDT.
· Neither rlf-InfoAvailable indication nor RLF report is included in the Msg3 of the EDT procedure to indicate to the network about an available RLF report.
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Discussion
According to the RAN2 #105 meeting agreements, the following information would be included for RLF report:
· 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.
With reference to the following field descriptions in E-UTRAN, we understand that the Last Serving Cell RSRP/RSRQ in RLF report means the RSRP/RSRQ in the Cell where radio link failure happen. E.g. the RSRP/RSRQ of the failed cell.
	measResultLastServCell
This field refers to the last measurement results taken in the PCell, where radio link failure or handover failure happened. .


We should notice that in NB-IoT, RLF can trigger RRC Connection Reestablishment procedure. In this procedure, there already has measResultServCell reporting in RRCConnectionReestablishmentComplete-NB. The field descriptions of measResultServCell is as follows:
	RRCConnectionReestablishmentComplete-NB field descriptions

	measResultServCell
This field refers to the last idle mode measurement results taken of the serving cell.


We understand here the serving cell means the (new) cell where the UE re-establish the RRC connection. It looks like in different reports, the very similar fields naming have different meanings.
Moreover, in case of no RRC connection re-establishment after RLF or RRC connection re-establishment is failed, the UE may store the RLF report for later report. At that time the last serving cell in RLF report may be understood as the re-established cell in literal meaning, which is not the intention and may lead misunderstanding. 
In order to avoid all above confusion in different reporting, we suggest the Last Serving Cell RSRP/RSRQ can be named as Failed Cell RSRP/RSRQ in RLF report.
[bookmark: _GoBack]Proposal 1: In order to avoid confusion, it’s suggested that the Last Serving Cell RSRP/RSRQ can be named as Failed Cell RSRP/RSRQ in RLF report.
During RAN2 #105 meeting discussion, some companies think the Location info can be optionally included in the NB-IoT RLF reporting. If the UE is able to perform the related measurement, the UE can report this information in RLF report. In E-UTRAN, the content of LocationInfo is defined as followings:
LocationInfo information element
-- ASN1START

LocationInfo-r10 ::=	SEQUENCE {
	locationCoordinates-r10					CHOICE {
		ellipsoid-Point-r10						OCTET STRING,
		ellipsoidPointWithAltitude-r10			OCTET STRING,
	...,
		ellipsoidPointWithUncertaintyCircle-r11					OCTET STRING,
		ellipsoidPointWithUncertaintyEllipse-r11				OCTET STRING,
		ellipsoidPointWithAltitudeAndUncertaintyEllipsoid-r11	OCTET STRING,
		ellipsoidArc-r11										OCTET STRING,
		polygon-r11												OCTET STRING
	},
	horizontalVelocity-r10					OCTET STRING				OPTIONAL,
	gnss-TOD-msec-r10						OCTET STRING				OPTIONAL,
	...,
	[[	verticalVelocityInfo-r15		CHOICE {
			verticalVelocity-r15				OCTET STRING,
			verticalVelocityAndUncertainty-r15	OCTET STRING
	}			OPTIONAL
	]]
}

-- ASN1STOP
As the coverage of NB-IoT cell would be larger/deeper than the LTE cell, it would be beneficial to get such orientation or location information of the cell where the RLF occurs. Without additional location information, the RLF problem may be located at failed cell only.
However, with understanding for the contents in LocationInfo information element, we think reporting LocationInfo will require additional position-related measurement and generally would be performed on demand. After this information is introduced into RLF report, even there has no specific positioning request from application server, the capable NB-IoT UE may start the related location measurement for later possible reporting. This would obviously cause large UE power consumption. Therefore, we think the “smart” NB-IoT UE would not do such measurement by default unless it gets other positioning related request. In a word, even this element is introduced into RLF report, it will be the rare case for the NB-IoT UEs to report such location information when RLF occurs. Therefore, we think LocationInfo would not be so useful.
Observation 1: Even LocationInfo information element is introduced into RLF report, it will be the rare case for the NB-IoT UEs to report such location information when RLF occurs.
Considering that once RLF occurs, the UE shall perform cell selection related procedure and the subsequent RRC connection Re-establishment procedure, then we think if the neighbor cell information is provided in the RLF report, it could also be helpful to locate the RLF problem position (e.g. the RLF occurs in which direction of the failed cell, or occurs between which cells). Furthermore, the RSRP/RSRQ of the neighbor cell can be used to identify the network coverage problem or to locate the RLF problem position more definitely. Taken the Failed cell ECGI as assistant information, Carrier frequency and PCI may be enough to identify the neighbor cells or re-established cells. 
Observation 2: The neighbor cell information can help to locate the RLF problem position if LocationInfo cannot be always provided.
If the re-established cell identity can be provided in the RLF report, it is also helpful to identify the RLF cause, e.g. to identify in which cell the connection Re-establishment procedure performs and whether the radio parameters of the failed cell are not suitable. 
Observation 3: The re-established cell identity provided in the RLF report can help to identify the RLF cause.
Based on the above observations, we have the following proposals:
Proposal 2: The neighbor cell information and re-established cell identity can also be provided in the RLF report.
Proposal 2a: Carrier frequency and PCI can be used to identify the neighbor cell and re-established cell.
Proposal 2b: RSRP/RSRQ of the neighbor cells can be included in the neighbor cell information.
 
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: Even LocationInfo information element is introduced into RLF report, it will be the rare case for the NB-IoT UEs to report such location information when RLF occurs.
Observation 2: The neighbor cell information can help to locate the RLF problem position if LocationInfo cannot be always provided.
Observation 3: The re-established cell identity provided in the RLF report can help to identify the RLF cause.

Proposal 1: In order to avoid confusion, it’s suggested that the Last Serving Cell RSRP/RSRQ can be named as Failed Cell RSRP/RSRQ in RLF report.
Proposal 2: The neighbor cell information and re-established cell identity can also be provided in the RLF report.
Proposal 2a: Carrier frequency and PCI can be used to identify the neighbor cell and re-established cell.
Proposal 2b: RSRP/RSRQ of the neighbor cells can be included in the neighbor cell information.
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