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1. Introduction
At RAN#80, a Rel-16 work item on additional enhancements for NB-IoT was approved with the following objectives:
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RAN2 have already started discussing SON ANR, RACH and RLF reporting for NB-IoT and made the following agreements:

RAN2#103bis agreements:
· 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
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.

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.

The discussions have continued with three mail discussions until RAN2#105 [2][3][4]. 
In this contribution we show that the power overhead with SON reporting may be unacceptable in various scenarios and propose a simple mechanism to limit the amount of SON reporting to a level that both satisfies the network optimizations requirements and limit the power overhead to the minimum in a manner that takes the specific NB-IoT application sensitivity to power overhead into account.
The propose mechanism is applicable for all of SON ANR, RACH and RLF reporting

2. Discussion
2.1. SON Configuration/Reporting framework
For SON/RACH and SON/RLF, the LTE baseline is a request/response procedure, triggered by the eNB.
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Figure.1 UE reporting procedure for RLF/RACH

However, at RAN2#104 It was agreed that SON information can be reported with EDT, i.e. that a UE with a valid SON report, can report SON with EDT message, with accordance with earlier configuration but without explicit request from the Network, and some companies proposed to drop the request/response procedure and e.g. request the report in SIB2 and send the report with EDT in Msg3 or in Msg5 [3].
Proposal 1: Legacy LTE Request/Response procedure is not reused for NB-IoT SON reporting.
An alternative, more power efficient framework is called for. Any such reporting framework could be structured with a configuration mechanism and reporting mechanism, and for SON/ANR we can also discuss measurements timing, but this is left out of the current paper.
For SON configuration mechanism we propose to use broadcast signalling, at least as a baseline.  Dedicated signalling could be also discussed if there is e.g. a need to override the broadcast signalling for some specific UEs

There are several merits in supporting broadcast configuration for SON reporting. 
SON/ANR and SON/RACH reporting should be provided by all supporting UEs, to achieve good SON coverage and fairness. And the configuration for SON reporting can be quite stable for long periods i.e. once the deployment is stable, the eNB would require a constant low rate of SON reporting to maintain the NW optimized and to adjust to deployment changes in a slow manner. Therefore, broadcast signalling can be more resource efficient for the NW compared to individual configuration of all required reports, and more power efficient from the UE perspective since the configuration lingers through multiple connections and need not be acquired again and again for each report.
Proposal 2: SON Configuration mechanism rely on broadcast signalling as a baseline. dedicated signalling is not precluded.

The broadcast configuration is considered valid until a validity timer expires or until the configuration is changed. In practice, for a typical geo stationary NB-IoT application, the broadcast configuration validity could stretch throughout many idle periods, for days, weeks or more. If we consider also dedicated configuration for SON, there is no reason to have a different behaviour WRT dedicated configuration validity at least while the UE is served by the same cell, with the purpose to preserve UE power and NW resources on configuration acquisition.
Proposal 3: Dedicated SON Configuration validity stretches throughout RRC mode changes, at least while the UE is served by the configuring cell. 
Supporting SON configuration/reporting with broadcast signalling or with long dedicated configuration, does not mean we would like all the UEs to perform SON measurements (in the case of SON/ANR) and SON reporting in each connection. It was agreed that the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations. It can be assumed that similar understanding applies for all SON reporting and the SON function requires a steady slow rate of incoming reports to achieve its goals.
Observation 1: SON configuration/Reporting framework should support a mechanism to ‘pace’ the reports to a desired low rate.
The SON configuration/Reporting framework should achieve SON objectives while keeping minimum impact on UE battery lifetime. Spreading the reports evenly between the UEs may sound fair, but it does not necessarily achieve this goal for two reasons:
1. UEs vary in the applications it is hosting. A UE traffic pattern and power source depends on its application. The application type dictates the connection rate and the data volume that is sent on each connection and the application vendor must take these parameters into consideration when it designs the power source for the application. A relatively active application e.g. citybike or kid tracker, would have to be equipped with a power source to match the relatively high activity, and for such applications the additional SON once in while e.g. once every few hours or once a day could be tolerated. But for a low activity UE, e.g. a water meter that sends a small report once a day, additional SON once in a while translates into adding SON report on each connection, with a considerable power overhead and shortening of the battery life time.
2. UEs vary on radio channel conditions. The worse the channel conditions are, the more repetitions the UE requires to complete SON reporting and the stronger is the impact of SON reporting on the battery life time. This effect is made worse by the NB-IoT applications tendency to be geo stationary. A UE in bad radio conditions tends to remain in bad radio conditions for long periods and thus the impact on battery life time accumulates and does not average over time.

Proposal 4: SON configuration/Reporting framework should consider application characteristics and radio channel conditions.
For the first objective, taking application characteristics into account, the UE may apply a radio access counter. For example, a connection establishment counter. An NB-IoT UE that has successfully sent a SON report to the NW resets the connection_counter and disables further SON reporting. Upon each successful connection establishment, the UE increases the connection_counter and once it exceeds some configured value N, the UE enables back SON reporting. such mechanism would ensure that low activity UEs with a slow connection rate would also send less SON reports and more active UEs, with the power source to back it up, would send more SON reports.
One may note that the NW could retrieve the application characteristics of the UE via the UE differentiation mechanism, however the specified UE differentiation mechanism, is subscription based. To benefit from this feature, the application vendor must interact with each of the NW operators in which the application is expected to be deployed and negotiate with him the subscription information.  Such a bureaucratic procedure can make sense for applications with a massive number of units, deployed in a single NW, but many if not most of the NB-IoT applications are expected to be specialized/niche applications with smaller number of units, or applications that are bought off the shelf worldwide with no affiliation to a specific operator. In such cases, the overhead of negotiating the subscription information with the NW operator(s) is unacceptable thus relying on radio access parameters is preferred.
For the second objective, taking radio conditions into account, we can allow the configuration of the counter to be depended on the UE coverage level. UE in deeper coverage is required to send reports less frequently so a larger value of N can be configured.
Other radio access parameters could be considered instead of the number of successful connection establishments, e.g. N can represent the sent data volume.
Proposal 5: SON configuration/Reporting framework utilizes a radio access parameter counter to limit SON reporting. details FFS.
The proposed framework could apply for SON/ANR and SON/RACH. It can be discussed if there are also cases that justifies limiting SON/RLF reporting

3. Conclusion 

In this contribution, we make the following observations and proposals:
Observation 1: SON configuration/Reporting framework should support a mechanism to ‘pace’ the reports to a desired low rate.
Proposal 1: Legacy LTE Request/Response procedure is not reused for NB-IoT SON reporting.
Proposal 2: SON Configuration mechanism rely on broadcast signalling as a baseline. dedicated signalling is not precluded.

Proposal 3: Dedicated SON Configuration validity stretches throughout RRC mode changes, at least while the UE is served by the configuring cell. 
Proposal 4: SON configuration/Reporting framework should consider application characteristics and radio channel conditions.
Proposal 5: SON configuration/Reporting framework utilizes a radio access parameter counter to limit SON reporting. details FFS.
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