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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.




In order to progress, an email discussion was agreed:

[104#44][NB-IoT R16] SON/ANR report for NB-IoT (Huawei)


How and when the measurements, configuration, reporting are done.


Intended outcome: email discussion report


Deadline: Thursday 2019-02-07

In this paper we further analyse the ANR measurement and reporting configuration applicable for NB-IoT.
2 Discussion

The SON/ANR mechanism is mainly based on connected mode measurements from the UE. Additional ANR logging in idle mode is also possible for ANR related measurements. The ENB can also trigger additional CGI reporting from connected mode UE for selected PCI for creating ANR relationship with PCI and Cell-Global identity. This information can also be used to detect and avoid PCI confusion and collision within the network. For LTE devices the ANR mechanism is beneficial to have the right neighbor cell relationship for optimizing the connected mode mobility scenarios and also avoiding failure in handover due to PCI confusion scenarios. For NB-IoT system, the ANR measurements are mainly beneficial for better performance of idle mode cell reselection as the connected mode mobility is not supported in NB-IoT system. Maintaining the correct mapping for PCI-CGI also beneficial in re-establishment scenarios only. For In-band deployment scenarios, the NB-IoT ANR measurements can also be considered for updating LTE-ANR with some co-ordination on measurement related configurations between LTE and the inband NB-IoT.

Observation 1: The benefits of ANR mechanism in NB-IoT is limited to enhancements to idle mode cell-reselection scenarios and some minor improvements for the re-establishment scenario.
As the NB-IoT network will consists of bot mobile and stationary devices, the ANR measurement and reporting configuration should consider obtaining the reports from both types of devices. This may require the ANR configuration towards these devices in different manner. For example, mobile IoT device can report the measurements the UE carried out as part of cell reselection itself after cell reselection similar to ANR logging. Stationary devices may not be able to trigger cell reselection measurements due to mobility. Towards these devices additional criterias needs to be configured for idle mode measurements. As the ANR measurement and reporting configuration depends on UE type, it is prefered to configure the NB-IoT ANR measurements via dedicated signaling. Moreover configuring the ANR measurements via dedicated signaling also ensures that the network configuration related to SON is not visible via system information to all the users.
Proposal 1: ANR measurements and reporting configurations are provided to UE via dedicated signaling. The ANR related RRC configurations can be different towards UE based on the mobility type of UE.
In case of idle mode ANR measurement towards stationary UE, ENB needs to configure selection criteria to be used by idle mode UE to decide on whether the UE should start the idle mode measurements for ANR. One of the selection criteria could be based on serving cell threshold for ANR reporting. With this criteria, the UE only in cell-edges are selected for doing ANR measurements in idle mode. Triggering the measurements from UE in very good serving cell condition may not be able to detect potential neighbours. In addition to this criteria further selection criteria can be based on UE-ID type or other UE specific parameters. Among the selected UE, ENB also can configure measurement period and also measurement interval within the period. ENB can assign different measurement interval across UE to distribute the UE across different timelines for such measurements. The distribution of measurement occasions will be beneficial at the UE for idle mode measurements if the UE checks the latest neighbor cell status before triggering the measurements. 

Proposal 2: ANR measurement configuration towards idle mode UE at least consists of criteria for the UE to start the idle mode measurements along with measurement period and measurement occasion within the period.

In case of mobile UE, the ENB can configure the UE to report the cell reselection measurements the UE carried out during cell reselection or sub-set of those results such as strongest N cells. ENB can also configure the UE to report these cell reselection measurements even if the UE does not change the cell based on the measurements. For these measurements to be reported, ENB may configure additional timer upto which the UE need to store the measurement results for any uplink transmission initiated for data transmission to include the ANR information. If there is no uplink transmission is triggered before the timer expiry, UE may initiate the RRC connection setup for sending the ANR measurements. In this case UE can also apply additional persistence test before the same to further include some random delay in reporting the ANR measurements.

Proposal 3: ENB configures timer for reporting the ANR measurements where the UE wait for any uplink transmission triggered for data transmission to combine the ANR report with the transmission. On timer expiry UE may delay the reporting in random manner.

For idle mode ANR measurements, the ENB should be able to configure the reporting quantity limiting to only RSRP/RSRQ values. The CGI reporting is required only when there is need to resolve the PCI confusion for specific PCI. In this case enabling CGI reporting from all idle mode UE may increase the idle mode energy consumption for these measurements from all the UE. The CGI reporting can be enhanced with ENB configuring the CGI reporting for selected PCI based on the ANR report on PCI. 
Proposal 4: ENB should be able to configure CGI reporting for selected PCI based on ANR-report on PCI instead of enabling the CGI reporting in all idle mode UE.
The ENB should be able to configure the CGI reporting as immediate report from UE when it is triggered based on UE-ANR report on PCI measurements. For this measurement, the UE measures the selected PCI on entering into idle mode and read the CGI from system information in target cell and report the same via RRC connection or EDT to the serving cell immediately. With immediate reporting of CGI for PCI confusion avoids configuring such reporting from multiple idle mode UE or avoid delay in resolving the PCI confusion which may impact the re-establishment procedure.
Proposal 5: ENB should support configuration of immediate CGI reporting towards UE for selected list of PCI.
The SON/ANR mechanism may be disabled from OAM at ENB. In case of LTE ANR mechanism, there is no impact towards idle mode for this deactivation event. In case of NB-IoT ANR where the idle mode UE are doing the idle mode measurements in regular interval, the ENB needs to send RRC signaling to stop the measurements for further energy saving. ENB can use existing paging mechanism for all to convey the idle mode UE to stop ANR measurements. The system information contents also can be used to indicate the current status of ANR measurement related configuration.
Proposal 6: RAN2 should further analyse the solution to disable the ANR measurements at idle mode UE via paging and system information.
3 Summary

We analyse the RRC configuration and signaling procedures related to ANR measurements from idle mode UE for NB-IoT system. Based on the analysis we make the following observations and proposals.
Observation 1: The benefits of ANR mechanism in NB-IoT is limited to enhancements to idle mode cell-reselection scenarios and some minor improvements for the re-establishment scenario.
Proposal 1: ANR measurements and reporting configurations are provided to UE via dedicated signaling. The ANR related RRC configurations can be different towards UE based on the mobility type of UE.

Proposal 2: ANR measurement configuration towards idle mode UE at least consists of criteria for the UE to start the idle mode measurements along with measurement period and measurement occasion within the period.

Proposal 3: ENB configures timer for reporting the ANR measurements where the UE wait for any uplink transmission triggered for data transmission to combine the ANR report with the transmission. On timer expiry also UE may delay the reporting in random manner.
Proposal 4: ENB should be able to configure CGI reporting for selected PCI based on ANR-report on PCI instead of enabling the CGI reporting in all idle mode UE.

Proposal 5: ENB should be able to configure immediate CGI reporting towards UE for selected list of PCI.

Proposal 6: RAN2 should further analyse the solution to disable the ANR measurements at idle mode UE via paging and system information.
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