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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].
	· 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


In RAN2 #104 meeting, the following agreements were approved [3], and three related offline email discussions for ANR/RLF/Rach-Report are assigned.  
	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.

RACH report:

· In addition to legacy parameters for RACH reporting, the first selected resource pool (E.g. CE level, EDT) is included in the RACH report. This agreement is also applicable for eMTC


In this paper, based on the progress of email discussion [104#46][NB-IoT R16] RLF Report, we further discuss some remaining issues about the RLF report content, procedure etc. and give our proposals. 
2 Discussion

2.1 Further analysis on the content and size of the RLF report
In the email discussion [104#46][NB-IoT R16] RLF Report, there has some different opinion about whether or not to include the following LocationInfo information:
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

There has company comments that without LocationInfo the RLF problem could be located at cell level only. And as the cell size of NB-IoT cell would be larger/deeper than the LTE cell, it would be beneficial to get position co-ordinates of the failure location. We have different understand about this. As most NB-IoT UEs are stationary or with low mobility and the RLF and the subsequent LTE RRC connection Re-establishment procedure generally occurs among some neighbouring cells, we think the PCI and CGI information would enough for identifying the region of coverage issue.
Moreover, we have commented that reporting LocationInfo will require additional position-related measurement and is not suitable for power sensitive NB-IoT UE. We assume even for NB-IoT UEs which have GNSS capabilities, it would not do such measurement by default unless it gets positioning related request in order to save UE power. Therefore, we understand it’s rarely for the NB-IoT UEs to have such information. If we list this information into RLF report, does it mean the capable UE should keep the related measurement for later possible reporting even there has no positioning requirements? We think this is undesired.
Proposal 1: The legacy parameter LocationInfo should not be supported for RLF reporting in NB-IoT.
For clarification, about CGI of last serving cell and target cell, we agree with some companies’ comments that such information can be derived by the eNB itself and no need to be included if RLF information is reported along with RRC connection Re-establishment procedure. Such information is only needed if RLF information is reported along with later RRC connection setup/resume or EDT procedures. 

Also, some companies suggest CE level assigned to the UE prior to the RLF need to be included in the RLF report. We are some confused about this proposal. If such CE level refers to the CE level of the UE in RRC_CONNECTED in the last serving cell, it can be indicated by Last Serving Cell RSRP/RSRQ, more detailed. If it refers to the CE level of the UE in the re-establishment cell, as we assume the re-establishment cell would be one of the neighbour cells, we think the radio quality of re-establishment cell can be found in the neighbour cell information. If our assumption is wrong, then it may be better to explicitly provide re-establishment cell RSRP/RSRQ along with reestablishmentCellId.
Proposal 2: Further discussion may be needed about what CE level information needs to be included in RLF report.

According to our Proposal 1 and 2 and the draft summary of the email discussion [104#46][NB-IoT R16] RLF Report, at least the following information should be considered for RLF reporting in NB-IoT. We have a simple evaluation on the size of all IEs:
	a) Absolute Time Stamp                          //48bits
b) PCI (failed PCI Cell and/Or Last Serving Cell PCI):  //9bits
c) CGI                                        //52bits
e) Last Serving Cell RSRP/RSRQ                  //7bits
f) Neighbor cell information                      //2*34bits     with assumption that at most 2 Nbr Cells


In this example RLF report, a RLF record is about 184bits.
Observation 1: The size of RLF information is not large.
2.2 RLF report procedure

Generally, once RLF is detected in RRC_CONNECTED, the UE would perform RRC Connection Re-establishment procedure (except some CP UEs). In the email discussion, some companies think it’s a suitable option (Option 1) that the RLF information can be reported along with the subsequent LTE RRC connection Re-establishment procedure. While some other companies think it’s simple to follow legacy LTE mechanism that UE only provides the rlf-InfoAvailable indication during RRC Re-establishment procedure and the RLF information is stored and reported later via legacy UEInformationRequest/UEInformationResponse procedure when the network decides to request for it (Option 2). According to the comments in the email discussion, we think it’s unacceptable to just follow the Option 2 as we understand Option 1 at least have the following benefits, compared with Option 2:
· It’s signalling efficient to make use of RRC connection Re-establishment procedure for RLF reporting since this procedure would already be triggered. But Option 2 would cause unnecessary two-step reporting overhead. 
· Minimising the amount of information to be reported as the eNB can translate some existing information included in the RRC Connection Re-establishment Request message to complete the whole picture.
· Different from legacy LTE, NB-IoT is very sensitive to power consumption and especially additional UL transmission would consume large UE power. Therefore, as mentioned by HW in email discussion for RACH report, power consumption is a key requirement in NB-IoT, we should not add additional steps unless absolutely necessary. We complete agree with this and believe it’s unnecessary to use two-step reporting in Option 2 since it’s feasible that RLF reporting is along with RRC connection Re-establishment procedure. Moreover, the RRC_CONNECTED state is generally short in NB-IoT and also the fast release has been allowed, but UEInformationRequest/UEInformationResponse procedure after rlf-InfoAvailable indication would extend the time period for the UE to stay in RRC_CONNECTED state or may have impacts on the fast release scheme. This is undesired. 
Proposal 3: The RLF information should be reported along with RRC Connection Re-establishment procedure.
Proposal 3a: The RLF information should be carried in RRCConnectionReestablishmentComplete-NB message.
Once RLF occurs, RRC re-establishment will be triggered and it’s highly possible the re-establishment procedure would be successful. According to our Proposal 2, if the RRC re-establishment is successful, the RLF information can be reported in the RRCConnectionReestablishmentComplete message. However, it’s still possible that RRC re-establishment procedure may be failed or some UE using CP solution cannot trigger RRC re-establishment procedure. Even these may be corner cases, as the RLF information is important for network to find coverage or radio quality issues, we think it’s beneficial to allow UE store the RLF information and report it in later RRC connection setup/resume or EDT procedures (e.g. in legacy Msg5 or EDT Msg3). With the similar reason for proposal 2, we don’t prefer two-step reporting way. Also according to our Observation 1, we think RLF information would not be large and in most EDT cases, EDT Msg3 may be enough to directly include this RLF information. Only in some rare cases that user data will fully occupy the Msg3, it can be considered that an rlf-InfoAvailable kind indication is carried in EDT Msg3 to trigger eNB to fallback to legacy procedure so that the RLF information can be reported in RRC_CONNECTED state. 
Proposal 4: In case of no/failed initial RRC connection re-establishment, the UE may store the RLF information and report it along with later RRC connection setup/resume or EDT procedures.
Proposal 4a: The RLF information can be carried in RRC Msg5 in RRC connection setup/resume procedures (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 4b: The RLF information can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate it. Otherwise, an rlf-InfoAvailable kind indication can be carried in EDT Msg3.

2.3 RLF report enable/disable mechanism 
Taken into account that UE power saving is critical for NB-IoT, also as we think it’s no need to support UEInformationRequest/UEInformationResponse procedure, we think RLF information recording and reporting should not be activated by default but should support to be enabled/disabled. The RLF reporting can be performed as long as the function is activated and the RLF occurs. 
Proposal 5: RLF reporting should support to be enabled/disabled in NB-IoT. 
Considering RLF may seldom occur and may only occur in a few UEs, it can be considered to broadcast the RLF reporting enable/disable indication by SIB. But if it allows more flexible control in network, it can also be considered to provide enable/disable indication through dedicated signaling. Considering that RLF only occurs in RRC_CONNECTED state, but needs to be reported in the next RRC procedure, the RLF report enable/disable indication can be sent in the RRC establishment/reconfiguration messages (e.g. RRCConnectionSetup, RRCConnectionResume, RRCConnectionReestablishment, RRCConnectionReconfiguration etc).

Proposal 6: It can be considered to provide RLF reporting enable/disable indication through SIB or dedicated signaling.

3 Conclusion

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

Observation 1: The size of RLF information is not large.
Proposal 1: The legacy parameter LocationInfo should not be supported for RLF reporting in NB-IoT.

Proposal 2: Further discussion may be needed about what CE level information needs to be included in RLF report.

Proposal 3: The RLF information should be reported along with RRC Connection Re-establishment procedure.

Proposal 3a: The RLF information should be carried in RRCConnectionReestablishmentComplete-NB message.
Proposal 4: In case of no/failed initial RRC connection re-establishment, the UE may store the RLF information and report it along with later RRC connection setup/resume or EDT procedures.

Proposal 4a: The RLF information can be carried in RRC Msg5 in RRC connection setup/resume procedures (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 4b: The RLF information can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate it. Otherwise, an rlf-InfoAvailable kind indication can be carried in EDT Msg3.
Proposal 5: RLF reporting should support to be enabled/disabled in NB-IoT. 
Proposal 6: It can be considered to provide RLF reporting enable/disable indication through SIB or dedicated signaling.

4 References

[1] RP-181451 New WID on Rel-16 NB-IoT, Ericsson, Huawei, RAN#80, La Jolla, USA, June, 2018
[2] R2-1815744 RAN2 agreements for Rel-16 NB-IoT and MTC after RAN2-103bis
[3] Report of 3GPP TSG RAN2#104 meeting, Spokane, USA

[4] [NB-IoT] Email discussion report on RLF for SON, RAN2#105

Page 1

