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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 #103bis~#105 meeting, based on the contributions, the following agreements 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


[bookmark: OLE_LINK1]In this paper, we further discuss some remaining issues about measurement for ANR report and ANR report content, configuration, procedure etc. and give our proposals.
Discussion
Measurement scheme and content for ANR report
Based on the RAN2 #105 agreement, solution direction based on “option a) with single set of measurements only” would be preferred for further study for NB-IoT ANR report. One of the reasons to choose it but not cell-reselection based ANR measurement/report is that it’s better for geo-stationary UE. 
We understand that “option a) with single set of measurements only” means that UE performs one shot of measurement when entering Idle state and reports the measurement results in the next RRC procedure. Also we know, in Rel-15 NB-IoT, measResultServCell has been introduced in RRC Msg5 to report the last idle mode serving cell measurement results. For further analysis, we list both ANR measurement/report by “option a) with single set of measurements only” and measResultServCell report in RRC Msg5 in the following procedure in the Figure 1.


Figure 1: The procedure to report the ANR measurement by “option a) with single set of measurements only” and measResultServCell in RRC Msg5
Based on the Figure 1, we can see that for a geo-stationary UE, both “option a) with single set of measurement only” for ANR and measResultServCell in RRC Msg5 will report the results of one shot measurement on the last serving cell in idle mode.
Generally, at least RSRP/RSRQ of the serving cell will be included in the ANR record. Considering that the NB-IoT RRC connection duration is short, we assume the serving cell measurement results will usually not fluctuate during such short duration. Thus, we understand the serving cell measurement results in ANR by “option a) with single set of measurement only” would be same as the measResultServCell in RRC Msg5 in most cases. Then such ANR report of serving cell measurement seems meaningless relative to measResultServCell in RRC Msg5.
Observation 1: With single set of measurements only, the serving cell measurement in ANR report in UE Information Response message would not provide additional valid information than that in measResultServCell report in Msg5.
In [2] and some previous discussion, there has thinking that measurement results of some other cells, e.g., the neighbor cells can also be included in ANR report. It can be seen not only the additional measurement configuration would be needed, but also additional SI acquiring is needed for the UE to get CGI information for the measured cells other than the camping cell. It is obvious additional SI acquiring would cause more UE power consumption. At the same time, additional measurement configuration would also increase network configuration complexity and may cause unnecessary or redundant measurements. For example, eNB may configure very similar whitelist for some different UEs since eNB cannot predict coverage status of the UEs. 
In [3], company also mentioned other disadvantages that would cause unnecessary UE power consumption. That is, such immediate measurements would imply UEs defer going to deep sleep or avoid relaxed monitoring measurements.
Observation 2: With single set of measurements only, to include other measured cells in ANR report would not only require the additional measurement configuration, but also require additional SI acquiring for the UE to get CGI information for the measured cells other than the camping cell. Additional SI acquiring would cause more UE power consumption and additional measurement configuration may cause unnecessary or redundant measurements.
Moreover, as previously discussed, the purpose of SON/ANR reporting in NB-IoT is network optimization rather than immediately updating neighbor relations. We expect that the ANR reporting in NB-IoT can be used to detect PCI confusion and collision within the network (e.g. over-cross coverage), to improve the performance of idle mode cell reselection (e.g. to adjust the cell reselection parameters), and to detect the bad radio coverage area. 
With such purpose in mind, we think single set of measurements are not enough for ANR report. As analysis for observation 2, such configuration-based one shot measurement results maybe cannot reflect the real cells deployment status around the UEs. Also measurement results from several UEs would be repeated or redundant which may be mostly useless to the eNB. Even we can understand company tend to adopt similar ANR measurement scheme for NB-IoT in Idle mode as that for legacy LTE in connected mode (in this connected mode, the network can know much information about the UE), the effect may vary greatly. Therefore, we think ANR report with such immediate measurements when UE entering idle state would not completely meet the above network optimization purposes.
Observation 3: Even company tend to adopt similar ANR measurement scheme for NB-IoT in Idle mode as that for legacy LTE in connected mode (in this connected mode, the network can know much information about the UE), the effect may vary greatly. Therefore, ANR report with such immediate measurements when UE entering idle state would not completely meet the network optimization purposes.
In [3], another kind of single set of measurement has been mentioned. That is, after the UE is released from connected mode and has been configured for ANR measurements, the UE using its normal DRX cycle (10,24sec) would perform cell reselection related measurements for 2 samples. If it detects any cell that meets strong cell criteria after averaging the results over 2 samples; then UE would perform a CGI discovery during the third interval of cell reselection and exit from the ANR measurement. We understand such scheme has the advantage of making use of the existing cell reselection related measurements, but in order to find strongest cell, UE still needs to stop relaxed monitoring in these samples duration and as cell reselection would not be really triggered, additional SI acquiring for the UE to get CGI information of the strongest cell is also needed.
In order to avoid above disadvantages of immediate measurements when UE entering Idle state or strongest cell detection, we still suggest to reuse cell reselection based measurement and record cell reselection results into ANR report. 
Proposal 1: It’s suggested to reuse cell reselection based measurement and record cell reselection results into ANR report.
Taken into account the source cell and target cell are involved during cell reselection procedure, both the source cell and target cell information and also the absolute time the cell reselection occurred can be recorded into an ANR record and no additional SI acquiring is needed. Such records would be the really useful ones for network optimization, e.g to detect the bad radio coverage, to adjust the cell reselection parameters etc. 
Considering that in some cases, the UE may finds some strong cells but fail to reselect to them before a successful reselection to a target cell, such strong cells information during cell reselection procedure would be beneficial for network optimization and can also be reported. We think PhysCellId/carrierFreq info of these strong neighbor cells are enough. Based on the CGI-Info of the source cell and target cell and the reported PhysCellId/carrierFreq info, the strong neighbor cells can be identified unambiguously by the eNB and also no additional SI acquiring is needed. The PhysCellId/carrierFreq info of the strong neighbor cells can be obtained during UE’s cell detection. 
An example for such ANR report can be found in Annex.
Proposal 1a: The records in ANR report can include the following information: the cell reselection time stamp, source Cell Identity, source Cell Measurement results, target Cell Identity, target Cell Measurement results, and strong Neighbor Cell info (including cell identity and measurement results).
As cell reselection may be happened for several times, we also think the number of ANR records in an ANR report should be defined and for example, the value of 4 would be suitable. When the maximum number of records is reached, UE can just replace the oldest record with the latest one.
Proposal 1b: It’s suggested to define 4 records for an ANR report.
Configuration for ANR report 
According to the ANR report content suggested in Proposal 1/1a/1b, we think only a simple ANR report control indication is needed to activate measurement and recording for ANR report. No other configurations are needed. When the ANR report control indication is received, the UE can record the ANR info when cell reselection is performed, and report it to eNB at the next RRC procedure. 
Considering that the ANR measurement is performed in RRC idle state and reported in the next RRC procedure, the suitable timing for providing UE specific enable/disable indication would be in the RRC connection release procedure (e.g. in RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete etc).
Proposal 2: It’s suggested to introduce enable/disable indication for ANR report in RRC connection release messages, e.g., RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete.
Taken into account that the ANR reporting function can only be enabled for the UEs that supports the ANR report, a UE capability would also be needed for eNB to enable the ANR reporting by UE specific signaling. 
Proposal 3: A UE capability about supporting ANR report is needed.
ANR report procedure
In RAN2 #104, it has been agreed ANR information can be reported along with EDT. In RAN2 #105, it’s further agreed ANR measurement reporting using the UE Information Request / Response framework is supported. These two procedure are enough for ANR report, for both EDT and non-EDT cases. 
Moreover, some details haven’t been decided for ANR information reported along with EDT. As ANR information would not be large, we think 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 with UE Information Request /Response framework.
Proposal 4: 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 to trigger eNB to fallback the EDT procedure to RRC_CONNECTED state.

Conclusions
In this contribution, we make the following observations and proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: With single set of measurements only, the serving cell measurement in ANR report in UE Information Response message would not provide additional valid information than that in measResultServCell report in Msg5.
Observation 2: With single set of measurements only, to include other measured cells in ANR report would not only require the additional measurement configuration, but also require additional SI acquiring for the UE to get CGI information for the measured cells other than the camping cell. Additional SI acquiring would cause more UE power consumption and additional measurement configuration may cause unnecessary or redundant measurements.
Observation 3: Even company tend to adopt similar ANR measurement scheme for NB-IoT in Idle mode as that for legacy LTE in connected mode (in this connected mode, the network can know much information about the UE), the effect may vary greatly. Therefore, ANR report with such immediate measurements when UE entering idle state would not completely meet the network optimization purposes.

Proposal 1: It’s suggested to reuse cell reselection based measurement and record cell reselection results into ANR report.
Proposal 1a: The records in ANR report can include the following information: the cell reselection time stamp, source Cell Identity, source Cell Measurement results, target Cell Identity, target Cell Measurement results, and strong Neighbor Cell info (including cell identity and measurement results).
Proposal 1b: It’s suggested to define 4 records for an ANR report.

Proposal 2: It’s suggested to introduce enable/disable indication for ANR report in RRC connection release messages, e.g., RRCConnectionReject, RRCConnectionRelease or RRCEarlyDataComplete.
Proposal 3: A UE capability about supporting ANR report is needed.
Proposal 4: 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 to trigger eNB to fallback the EDT procedure to RRC_CONNECTED state.
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Annex
The example for an ANR report (we give an example name mobilityHistoryReport) and the information for each ANR record in the ANR report are as follows: 
mobilityHistoryReport-R16   MobilityHistoryReportList-NB-r16
MobilityHistoryReportList-NB-r16  ::= SEQUENCE(SIZE(1...maxMobilityHistoryReport-r16)) OF MobilityHistoryReportInfo-NB-r16

MobilityHistoryReportInfo-NB-r16
{
CellReselectionAbsoluteTime-r16   AbsoluteTimeInfo-r10,
sourceCellId-r16            CGI-Info-r16,
sourceCellRSRP-r16     NRSRP-Range-NB-r14,
targetCellId-r16              CGI-Info-r16,
targetCellRSRP-r16      NRSRP-Range-NB-r14,
strongNbrCellList          StrongNbrCellList-NB-r16    OPTIONAL
}

CGI-Info-r16 ::=		SEQUENCE {
selectedPLMN-Identity-r16	PLMN-IdentityInfo-NB-r13,
cellIdentity-r16				CellIdentity
},

StrongNbrCellList-NB-r16  ::=		SEQUENCE (SIZE (1..maxNbrCell-r16)) OF   StrongNbrCell-NB-r16  

StrongNbrCell-NB-r16 ::=		SEQUENCE {
physCellId               PhysCellId,
carrierFreq               CarrierFreq-NB-r13,
measuredRSRP       NRSRP-Range-NB-r14
}
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