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1 Introduction
At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support ANR reporting for network management.

Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

Some initial discussions took place at RAN2#103bis and RAN2#104 and the following agreements were made:

	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 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.

RAN2#105 agreements:
SON-ANR:
· 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. 
RAN2#106 Agreements
· ANR report does not trigger EDT

· ANR report is not carried in EDT Msg3
· anr-InfoAvailable indication can be reported in EDT Msg3
ANR procedure steps:

1) UE receives “measurement” configuration in dedicated signalling.

2) When the UE is released to idle:

a. The UE performs the instructed measurements according to existing RAN4 cell reselection measurement performance requirements.

b. CGI reading is limited to cells being above a certain threshold. Threshold details FFS. 

· Reporting takes place, upon network request, next time UE is connected mode again


2 Discussion

As part of RAN2#106 agreements, 

· The ANR measurement for NB-IoT UE is configured via dedicated signalling. 

· The UE will perform the ANR measurements when it is released to idle mode. 

· The idle mode measurements are carried out according to RAN4 cell reselection measurement performance requirements 
The cell reselection measurements performance requirements TS36.133 for NB-IoT consists of 3 timers for detection of neighbor cells, measurement of neighbor cells and evaluation of neighbor cells. Each of these timers is expressed as number of DRX cycles if the UE is configured with DRX cycle. In case if the UE is configured with eDRX cycle the timer for detection of neighbor cells is also specified in terms of eDRX cycle and PTW configuration. Further timer for measurement and evaluation are provided as number of DRX cycles from the time the neighbor cells are detected. Moreover, the cell reselection measurements in idle mode is started only when the serving cell measurements meets the criteria to start the neighbor cell measurements.

Observation 1: The performance requirements for cell reselection measurements for NB-IoT UE in idle mode is specified differently for DRX and eDRX configurations for different steps of neighbor cell evaluation.
One difference with reference to the performance requirements for cell reselection and the ANR measurements is the time required for evaluation of the measurements against specific criteria. For ANR measurement reporting this step is not required. Thus the overall time to complete the idle mode ANR measurements can be reduced slightly compared to idle mode measurements for cell reselection.

Observation 2: The idle mode performance requirements for ANR measurements need to consider only the timer for detection of neighbor cells and the measurement of the neighbor cells.

In case if the serving cell monitoring also triggers the cell reselection measurements, when the detection of neighbor cells already started for ANR, the ANR measurements which was started already can also be used for cell reselection evaluation purpose.
Observation 3: In case if the cell reselection measurements also to be started during the ANR measurements, the UE can consider the detected cells of ANR measurement for cell reselection purpose also.
If the UE reselects to new cell before completing the ANR measurements in the serving cell, the cell reselection measurements can also be stored as ANR measurements at UE. The UE may report this information along with the serving cell on which the ANR configuration was received whenever it starts RRC connection /EDT for uplink transmission in the new cell.

Proposal 1: The ANR measurements configured in one cell can also be reported after cell reselection to another cell.

According to RAN2-106 agreements, single ANR measurement will be configured via dedicated signaling. The measurement configuration should be used at UE in the idle mode. The ANR measurements are immediately triggered when the UE enters into idle mode. It is upto the network implementation to select specific UE to start ANR measurements in idle mode. The network may decide on the ANR measurement triggering based on downlink channel quality report received from the UE in the previous RRC connection. In order optimize the selection of UE for ANR measurements, on expiry of timer for detecting neighbor-cells if no neighbor cell is detected, the UE stores the ANR measurement report as “Not detected”. The UE may indicate the status of ANR report as “available” or “not detected” as part of Msg3 if EDT is used to start ANR measurements. The additional information on whether UE was able to detect neighbours or not can be used by the network to select suitable UE for further ANR updates. The new parameter added to Msg3 may also indicate ANR-Info-not-detected in addition to ANR-Info-available parameter.

Observation 4: Inclusion of additional indication on the status of neighbor cell detection for ANR based on the single measurement configuration along with ANR-Info-available-Ind will be beneficial for ENB decision making on selecting the UE for single ANR measurement configuration.
As the idle mode measurements of neighbor cells may happen over multiple DRX/eDRX cycles, and the UE also measures serving cell on each of these DRX cycles, it will not cause additional processing at UE for checking the serving cell signal level before proceeding with the cell reselection measurements for ANR. With this additional check, the UE can avoid monitoring neighbor cells in specific DRX occasions where the chances of detecting neighbor is very less. Alternatively, the ENB may also configure the UE to start the single measurements only when the UE meets specific threshold value for serving cell. ENB may configure this additional threshold towards non-stationary devices.

Proposal 2: The ANR measurement configuration should include additional criteria based on serving cell measurements to optimize the ANR measurements in idle mode.
The total time taken for the UE to complete the ANR measurement depends on the DRX or eDRX configuration. In case of eDRX configuration, the time required to detect the neighbor cells across multiple eDRX cycles may be longer. In case if the ENB started the single shot ANR measurements in multiple UE, these UE will start the ANR measurements in idle mode and tend to complete within the specified time for neighbor cell detection. In case if the ENB is able to complete its ANR update based on received reports from other UEs during this time, the ENB should be able to stop these measurements. For this purpose, the system information can include additional parameter to stop the ongoing ANR measurements.
Proposal 3: ENB should support additional signaling mechanism to stop the ongoing idle mode ANR measurements in all the UE camped onto the current cell.
3 Summary

In this document we further analyze the performance requirements and additional information required for the single ANR measurements in idle mode. We make following observations and proposals based on the above analysis.
Observation 1: The performance requirements for cell reselection measurements for NB-IoT UE in idle mode is specified differently for DRX and eDRX configurations for different steps of neighbor cell evaluation.

Observation 2: The idle mode performance requirements for ANR measurements need to consider only the timer for detection of neighbor cells and the measurement of the neighbor cells.
Observation 3: In case if the cell reselection measurements also to be started during the ANR measurements, the UE can consider the detected cells of ANR measurement for cell reselection purpose also.

Proposal 1: The ANR measurements configured in one cell can also be reported after cell reselection to another cell.

Observation 4: Inclusion of additional indication on the status of neighbor cell detection for ANR based on the single measurement configuration along with ANR-Info-available-Ind will be beneficial for ENB decision making on selecting the UE for single ANR measurement configuration.

Proposal 2: The ANR measurement configuration should include additional criteria based on serving cell measurements to optimize the ANR measurements in idle mode.
Proposal 3: ENB should support additional signaling mechanism to stop the ongoing idle mode ANR measurements in all the UE camped onto the current cell.
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