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Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK24][bookmark: OLE_LINK41]In RAN2 NR 103bis Meeting, the following assumption was made for ANR reporting.
ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)


This means that also for NB-IoT ANR no connected mode measurements will be required nor expected. However, questions on configuration dedicated or broadcast and related parameters and execution of the ANR procedure were not decided nor the procedure for reporting, i.e. whether to wake-up or perform reporting with next cycle.
Discussion
In LTE as described in [2] the the eNB instructs each UE (dedicated) to perform measurements on neighbor cells based on PCI. The UE performs the measurements and reports the detected neighbor cells. This report contains neighbor cell PCI, but not its ECGI .The eNodeB newly instructs the UE based on discovered PCIs as parameter to read the ECGI. The Ue reads the ECGI from the broadcast channel of the respective neighbor cells. When the UE has found out the new cell's ECGI, the UE reports the detected ECGI to the serving cell eNB. Besides ECGI further parameters are reported.
As depicted in the picture below and described in TS36.300 this is a 4 step approach which is performed in connected mode.

I. Network provides PCI (Physical cell Identity) list of interested cells dedicated.
II. UE performs measurements and reports.
III. Network requests for EGCI (Global cell Identity) of certain PCIs
IV. UE performs SIB/BCH decoding of the interested cells and reports them together with other interesting parameters.
ANR SON can be considered for intra- or inter-frequency NB-IoT. In issues discussed below have same impact on both, whilst impact on being out-off reach or power spending has more impact in case of inter-frequency activities.
Based on above procedure following issues need to be discussed and decided.
1) How the measurement instructions are provided to the UE?
2) How to Keep procedure at a reasonable duration (2-step approach) when releasing to idle?
When reporting is done, together with next activity or special wake-up?
3) Limiting power consumption especially, neighbor cell SIB decoding is seen here as critical issue, especially when being in deep coverage enhancement.
4) What special parameters or information from NB-IoT device may be of further interest for the network with respect to provided data, or for later attempts, reliability evaluation?
These aspects are discussed hereafter.
Provisioning of the measurement instruction to the UE
In general two ways are possible either via dedicated signalling or via broadcast. Broadcast based signalling would reach more devices at one but has severe drawbacks. In NB-IoT (and Cat-M) several features were introduced to reduce the necessity of subsequent BCH reading (extension of the validity time, per SI change indication, MIB indication for changes in SIB1).
In case signalling would be done via BCH, the change of the content of the broadcast would impact also UEs not supporting ANR/SON measurements i.e. legacy devices furthermore UE s not supporting said feature by causing all these devices to read the broadcast or at least SIB 1 again. In case of MIB indication for the SIB1 these would even mean subsequent reading of SIB1 for entire validity time. 
Moreover signalling via BCH would also have negative impact on the feature itself, i.e. subsequent changes  in the network configuration need to be spaced at least for max eDRX and it would address all devices even also those which due to their current position/coverage condition only can contribute little to the ANR/SON network optimization.
As a consequence dedicated signalling is preferred, whereas the signalling is valid for only one reporting cycle.
Observation1: ANR/SON measurement object/configuration shall be provided via dedicated signalling.
Observation 2: The configuration is applied by the device for one reporting cycle only.

ANR/SON to be kept at a reasonable length.
The legacy ANR/SON approach is executed in dedicated and consists of a measurements phase based on received PCI, reporting sad values, receiving a 2nd set of PCIs for which the Global Cell Identity is to be provided.
To keep the procedure for NB-IoT at a reasonable length it should be shortened and performed as follow:
UE receives “measurement” configuration in dedicated, is released to idle. UE performs reporting next time being in connected.
A reasonable time for receiving the answer is important from network perspective, as sometimes subsequent configuration tests are done. And otherwise it may take long till all reports concerning certain configuration are received
However, from UE perspective there are many devices which have limitations concerning power consumption, for those devices it would be important to combine reporting with the normal next RRC connection setup. Whilst for devices which are e.g. subsequently recharged or do not have a limitation on power reporting at shorter time would be feasible.
To cope with this situation we propose to include a time in the measurement configuration up to which the network would expect a reporting from the UE. It is not important that all devices report, giving the mixture of applications and deployment scenarios there would be a reasonable number of devices which have no hard limits or constraints for reporting within said time.
Observation3: Network should include time indication till when reporting is expected. Timing range is FFS.
A device which isn’t able to comply to this reporting time shall not perform and related activities. It is FFS whether explicit signaling i.e. configuration reject would be needed here.

Considerations on power impacts
An NB-IoT device has the capability to support connections also in deep coverage enhancements. However the benefit for ANR/SON if delivered from some devices in deep extended coverage may be small compared to the power that needs to be spend for those measurements. Moreover it is not only measurements but it is also the efforts spend for SIB decoding. The WI clearly indicated that Global Cell Identity is to be provided.
As in legacy there is no need to perform SIB decoding /Enhanced global Cell Identity reporting for all provided PCIs. For most of the PCIs related EGCI is clear, only for cases where there is more than one NB-IoT supporting NodeB in an area having same PCI ECGI reporting is necessary. 
Observation 4: For power saving reason the measurement object shall indicate for which PCIs EGCI decoding is needed and for which not. 
Performing the measurements and decoding heavily depends on the received RSCP from said measurement objected, just providing the measurement object indication would  “mandate” a UE to measure and search for said cell up to the minimum supported RSCP, i.e. in max coverage enhancement with max measurement samples/repetitions.
Not only the decoding, already the measurement may be costly. For network planning the report of a device in deep CE may be of little use when a new eNB is brought in the field. This would drain a lot of power especially, if for one of those also ECGI reporting means decoding would be indicated. As a consequence the measurements and decoding shall only be carried out up to a lower boundary provided in the measurement object by the network. The boundary can be i.e. a minRSCP value or max samples to be taken. So any NB-IoT device supporting ANR/SON just would search and report those cells down to the indicated level and would not spend further efforts for finding a cell below said threshold. I.e. a new cell not feasible by a device would cause said device to search for said cell down to max CE level. This is a new threat which did not exist in legacy LTE, which needs to be avoided.
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Figure1: NB-IoT 2 is brought into the field, hence NB-IoT 1 is requesting ANR/SON measurements from devices located in coverage area of 1. UE1 will can detect NB-IoT 2 at reasonable level, UE2 could detect NB-IoT when using maximum coverage extension. However, said report would cost lot of power and only be of limited use. UE3 will not see the new Node at all, would UE3 then try to detect NB-IoT2 down to its maximum CE capability, this would cost a lot of power.
Due to the possibility of NB-IoT devices to scan down to very low levels in coverage enhancements, ANR/SON needs to have a restriction here, as not all indicated cells should be scanned to lowest levels and decoded. This would heavily impact power consumption in the device and also corresponding acceptance of that feature.
Observation 5: A device shall only search/measure and if needed trying to decode the EGCI down to the indicated threshold in the measurement configuration.

It should also be discussed whether devices supporting ANR/SON measurements also could support them only down to a certain level, i.e. without coverage enhancements (normal mode) up to the full range.
Observation 6: A device may perform ANR/SON searches only down to a certain minimum reception level. Said level could last from normal coverage down to support of measurements to max CE.

Devices which camp on a cell being at even lower reception level would search for the indicated cells, which have not been measured before up to the reception level of the serving cell, i,.e. trying to find a better suited cell to camp on. However, this would be rather part of NB-IoT re-selection process and is handled accordingly. It is FFS in case ta device would re-select, whether a special report would be needed.

Observation 7: A device camping on a serving cell with lower reception level than indicated by the measurement object shall try to measure newly indicated cells down to serving cell reception level for cell re-selection purposes. Reporting FFS.

Reporting of additional information
Besides measured reception level (including time stamp), decoded EGCI and other already in LTE legacy included ANR/SON reporting in NB-IoT there may be more parameters being interesting for the network when evaluating the provided data. 
Certain time may have elapsed when reporting is done, also a network may want to perform subsequent tests, hence those device which are “stationary” may be of special interest for the network when reporting. As the impact of adjustment could be visible here right away for comparison. Not to cause here any extra efforts to the UE this should be restricted to an indication for devices whether it has been static during carrying out said measurements. Easiest way is for devices supporting also relaxed measurements for static devices, when from the time the device has received the measurement instruction till the time the report was provided the defined criteria according TS36.304 was fulfilled, in said case the device could indicate that.
Observation 8: A device having knowledge on being stationary (being also capable of relaxed measurement operation could indicate whether the related requirement i.e. being stationary was fulfilled) whilst doing said measurements and decoding.
In addition it may also be interesting for the network when devices reports whether it is deep indoor. Means a device having knowledge on being deep indoor, (here indoor means facing larger attenuation by walls), could also indicate this to the network. This is rather an easy point, the UE knows the virtual distance MCL to its serving eNodeB and the applied TimingAdvance. Both can be translated in a virtual distance (MCL), and compared to result form calculation MCL from LOS formula for the used frequency. If there is a larger deviation, the device can itself consider to be deep indoor. In simple words if coupling loss is large but TA small UE is indoor well known effect in TDD considered in GP between DWPTS and UPPTS.
Observation 9: UE shall indicate whether it is currently deep indoor or not, if it has corresponding knowledge.

Conclusions
It is proposed for RAN2 to discuss following proposals.
Proposal 1: ANR/SON measurement object/configuration shall be provided via dedicated signalling.
Proposal 2: The configuration is applied by the device for one reporting cycle only.
Proposal 3: Network should include time indication till when reporting is expected. Timing range is FFS.
Proposal 4: For power saving reason the measurement object shall indicate for which PCIs EGCI decoding is needed and for which not. 
Proposal 5: A device shall only search/measure and if needed trying to decode the EGCI down to the indicated threshold in the measurement configuration.
Proposal 6: A device may perform ANR/SON searches only down to a certain minimum reception level. Said level could last from normal coverage down to support of measurements to max CE.
Proposal 7: A device camping on a serving cell with lower reception level than indicated by the measurement object shall try to measure newly indicated cells down to serving cell reception level for cell re-selection purposes. Reporting FFS.
Proposal 8: A device having knowledge on being stationary (being also capable of relaxed measurement operation could indicate whether the related requirement i.e. being stationary was fulfilled) whilst doing said measurements and decoding.
Proposal 9: UE shall indicate whether it is currently deep indoor or not, if it has corresponding knowledge.
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