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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#44][NB-IoT R16] SON ANR report, we further discuss some remaining issues about the ANR report content, procedure etc. and give our proposals.
2 Discussion
2.1 Further analysis on timing for ANR measurements

During the email discussion [104#44][NB-IoT R16] SON ANR report, we and some other companies prefer the scheme that the measurement results are recorded when the UE reselects to a new cell as such scheme need no additional measurements and power efficient. For other two schemes, we understand there still exists confusion about exact timing to trigger the ANR measurements, e.g, what’s the meaning of immediately measurements? Measurements were done ‘soon’ after UE was requested to do the ANR measurements or ‘soon’ before UE has sent the report? Or maybe more time related information (e.g., measurement duration, interval) need to be configured from eNB to the UE in order to guarantee the UE can do the suitable ANR measurements. In a summary, the schemes independent of cell reselection would be more complicated and with more signaling overhead and therefore they are not preferred.
For cell-reselection based ANR measurement scheme, the first concern is that ANR measurements every time performing cell reselection may lead to large amount of logs. We clarify that a maxAnrReport-r16 would be introduced to control the maximum number of ANR records. That is, only the ANR measurements during latest maxAnrReport-r16 cell reselections would be recorded and reports. The second concern is that most UEs may not trigger cell reselection as they are stationary. We understand even the stationary UEs would perform cell reselection when the radio quality changes and then the ANR measurements and report from these UEs would still be useful for network optimization. In a summary, the cell-reselection based ANR measurement scheme is feasible.
Proposal 1: It’s suggested to introduce cell reselection based ANR measurement.

2.2 Content for ANR report
According to our comments in email discussion and for proposal 1, we prefer that the measurement is recorded only when the UE reselects to a new serving cell, and the final record will be reported to eNB at the next RRC establishment/resumption or EDT procedure. Considering that cell reselection may be performed for several times, a measurement report list should be used. In a summary, the following information should be provided in the ANR report:
MobilityHistoryReportList-NB-r16 ::=
SEQUENCE (SIZE (1..maxAnrReport-r16) OF MobilityHistoryReportInfo-NB-r16

MobilityHistoryReportInfo-NB-r16

{

cellReselectionAbsoluteTime-r16   AbsoluteTimeInfo-r10,               //48bits

sourceCellId-r16                     CGI-Info-r16,                        //52bits    

sourceCellRSRP-r16                  NRSRP-Range-NB-r14,                  //7bits

targetCellId-r16                     CGI-Info-r16,                        //52bits

targetCellRSRP-r16                  NRSRP-Range-NB-r14,                 //7bits

strongestNbrCellList      StrongestNbrCellList-NB-r16    OPTIONAL   //2*34bits  with assumption that at most two strongest Nbr Cells are included per ANR record. 
}

CGI-Info-r16 ::=

SEQUENCE {

selectedPLMN-Identity-r16
PLMN-Identity,                              //24bits

cellIdentity-r16


CellIdentity                                 //28bits

},

StrongestNbrCellList-NB-r16  ::=

SEQUENCE (SIZE (1..maxNbrCell-r16)) OF   StrongestNbrCell-NB-r16  

StrongestNbrCell-NB-r16 ::=

SEQUENCE {

physCellId            PhysCellId,                                       //9bits

carrierFreq           ARFCN-ValueEUTRA-r9,                            //18bits

measuredRSRP          NRSRP-Range-NB-r14                               //7bits

}
In this example ANR report, one ANR record is about 234bits and there have maximal maxAnrReport-r16 of ANR records in an ANR report. If we consider the case that only a very small user data needs to be transmitted and ANR report can be piggybacked to EDT data, at most 4 records can be defined for an ANR report. Here we just want to give an upper limitation, maybe the record number of 2 or 3 is also fine.
Proposal 2: A maximal number of ANR record in an ANR report (e.g. maxAnrReport-r16) need to be introduced to restrict the amount of measurements. And the value could be 4 or less.
Observation 1: The size of ANR report is not large, e.g., the size is 468bits with 2 ANR records.
2.3 ANR report procedure 
Taken into account that ANR reporting in NB-IoT is for network optimization rather than for immediately updating neighbour relations, the reporting latency is not important. According to the agreement in RAN2 #104, ANR reporting does not trigger RRC connection establishment/resume, but whether ANR report will trigger EDT procedure is still FFS.
Considering that the EDT procedure still involves PRACH procedure and costs much UE power, it should be avoided as much as possible if there has no user data to be transmitted. Thus, it’s also not suitable to allow ANR reporting trigger deliberately an independent EDT procedure.
Proposal 3: It’s no need to trigger EDT procedure for only ANR reporting. 
According to the agreement in RAN2 #104, ANR information can be reported along with EDT and FFS what and how. Generally, the ANR information can be reported along with EDT either by RRC message or by MAC CE. Taken into account the size of ANR report (e.g. MobilityHistoryReportList) may change dynamically but the MAC CE size is not flexible enough, we suggest to use RRC message for ANR information reporting along with EDT.

Proposal 4: It’s suggest to use RRC message for ANR information reporting along with EDT.
During the email discussion, we and another company prefer that ANR record will be reported to eNB in the next RRC establishment/resumption or EDT procedures (Option 1) with the following reason “this mechanism can make full use of the chance during RRC connection establishment/resumption/early data transmission and avoid additional PDCCH/PDSCH monitoring for UEInformationRequest/ UEInformationResponse messages. And more specific, if a UE frequently triggers EDT procedure for data transmission, there would have no the UEInformationRequest/ UEInformationResponse messages and then it’s impossible for this UE to reuse LTE procedure for ANR reporting.”. 

However, more companies prefer to use the legacy LTE UEInformationRequest/ UEInformationResponse procedure for ANR reporting (Option 2). We think such suggestion looks like some contradictory with the previous meeting agreement. As RAN2 has agreed SON information can be reported along with EDT. It’s straightforward to allow sending ANR report along with later RRC connection setup/resume or EDT procedures. It’s obvious no need to simultaneously support both above Option 1 and Option 2 for ANR reporting.

Moreover, companies provide some concerns for reporting along with EDT but we think the reasons are not so strong. The main reason mentioned by the companies is unnecessary specification work and UE complexity. We have the following comments for these reasons:

· For unnecessary specification, as UEInformationRequest/ UEInformationResponse messages are NOT specified in NB-IoT, we understand Option 2 also requires specification work, maybe more than the work for Option 1 and maybe more for CP solution.

· For UE complexity, we don't think complexity of extending Msg5 or EDT Msg3 to include ANR report in Option 1 would be larger than the complexity of Option 2. Anyway, both of these two options are new for NB-IoT UEs. Moreover, we want to indicate that it's not clear whether Option 2 would have impacts on the NB-IoT release procedure, e.g., if the UE has sent ANR information available indication, whether it can provide NAS/AS RAI to network? If the UE follows the existing rules to send NAS/AS RAI when it has no DL/UL user data, the indication may trigger early connection release (maybe from MME). And eNB may have no chance to request the ANR report. If such issue needs to be avoided, the existing rules for fast release may need modification.
In a summary, we think it’s feasible and beneficial to allow UE store the ANR information and report it in later RRC connection setup/resume or EDT procedures (e.g. in EDT Msg3 or legacy Msg5). Also according to our Observation 1, we think ANR information would not be large and in more EDT cases, EDT Msg3 may be enough to directly include this ANR information. In other EDT cases that user data will fully occupy the Msg3, it can be considered that an anr-InfoAvailable kind indication is carried in EDT Msg3 to trigger eNB to fallback to legacy procedure so that the ANR information can be reported in RRC_CONNECTED state.
Proposal 5: It’s suggest to send ANR report along with later RRC connection setup/resume or EDT procedures.

Proposal 5a: The ANR report can be carried in RRC Msg5 in RRC connection setup/resume procedures (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 5b: The ANR report can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg3 can accommodate it. Otherwise, an anr-InfoAvailable kind indication can be carried in EDT Msg3.
2.4 Configuration for ANR report
In the email discussion, as we prefer the cell reselection based ANR measurement, we think only a simple ANR report control indication is needed to activate measurement and recording for ANR. While some other companies mention the following restriction/configuration information. In the following table we try to summary why we think such items are not needed for cell reselection based ANR measurement:
	restriction/configuration items
	Our comments

	Subset of the frequencies broadcast in system information
	We agree with Qualcomm, as not all UEs support all the frequencies, subset of the frequencies configuration seems already to be implicitly supported.

	RSRP threshold: if cells below certain threshold are not interesting
	As in email discussion, we have mentioned that in some cases, the UE may finds some strongest cells but fail to reselect to them before a successful reselection to a target cell, such strongest cells information during cell reselection procedure would be beneficial for network optimization and should also be reported. The number of strongest cells would be 2 in order not to increase the size of ANR reporting much. Therefore, we don’t think further RSRP threshold is needed and the existing cell reselection threshold is enough.

	Black list of cells
	There have black list of cells information in SIB4 and SIB5, we cannot see the need for additional black list. 

There has another comment that intra-frequency and inter-frequency lists can be used to exclude cells for ANR as these cells are already known at the eNB. But we think the eNB only know the neighbor cell relationship when it sends SIB4/SIB5, the comparison of radio quality between different cells cannot be known by eNB. Such information is also important to network and needs to be reported by ANR report. 

	white list of cells
	As the network cannot know the location of an IDLE UE, it’s difficult for the eNB to provide white list (or prioritized cell) to UE. Such white list cells may be out the UE’s detectable range.


Proposal 6: Only a simple ANR report control indication needs to be configured to activate measurement and recording for ANR for the cell reselection based ANR measurement.
2.5 ANR 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 ANR information recording and reporting should not be activated by default but should support to be enabled/disabled. The ANR reporting can be performed as long as the function is activated. Such enable/disable indication can be seen as configuration for ANR reporting from eNB 
Proposal 7: ANR reporting should support to be enabled/disabled in NB-IoT. 
According to our proposal 1, e.g., cell reselection based ANR measurement is preferred, if we consider to broadcast the ANR reporting enable/disable indication by SIB, all the UEs in a cell will be enabled and may report similar ANR information. This is obviously undesired. Therefore, enable/disable indication provided by dedicated message would be suitable. The eNB can only choose a small part of UEs (e.g., UEs with mobility) in a cell to perform ANR report. 

Considering that the ANR measurement is performed in RRC idle state and reported in the next RRC procedure, the suitable timing for providing enable/disable indication would be in the RRC connection release procedure (e.g. in RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete etc).

Proposal 8: It’s suggest to provide ANR reporting enable/disable indication through dedicated signaling.

Proposal 8a: The enable/disable indication for ANR report can be carried in RRC connection release messages, e.g., RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete.
Taken into account only the UEs that support ANR report can be enabled this function, a UE capability needs to be report to network before eNB can provide enable/disable indication by dedicated message. 
Proposal 9: A UE capability about supporting ANR report needs to be defined. 

3 Conclusion

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

Observation 1: The size of ANR report is not large, e.g., the size is 468bits with 2 ANR records.
Proposal 1: It’s suggested to introduce cell reselection based ANR measurement.

Proposal 2: A maximal number of ANR record in an ANR report (e.g. maxAnrReport-r16) need to be introduced to restrict the amount of measurements. And the value could be 4 or less.

Proposal 3: It’s no need to trigger EDT procedure for only ANR reporting. 
Proposal 4: It’s suggest to use RRC message for ANR information reporting along with EDT.
Proposal 5: It’s suggest to send ANR report along with later RRC connection setup/resume or EDT procedures.

Proposal 5a: The ANR report can be carried in RRC Msg5 in RRC connection setup/resume procedures (e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete).
Proposal 5b: The ANR report can be carried in EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest) if the EDT Msg 3 can accommodate it. Otherwise, an anr-InfoAvailable kind indication can be carried in EDT Msg3.
Proposal 6: Only a simple ANR report control indication needs to be configured to activate measurement and recording for ANR for the cell reselection based ANR measurement.
Proposal 7: ANR reporting should support to be enabled/disabled in NB-IoT. 
Proposal 8: It’s suggest to provide ANR reporting enable/disable indication through dedicated signaling.

Proposal 8a: The enable/disable indication for ANR report can be carried in RRC connection release messages, e.g., RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete.
Proposal 9: A UE capability about supporting ANR report needs to be defined. 
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