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1. Introduction
In RAN2#103bis the following was agreed:

· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)

In this contribution we investigate ANR reporting for NB-IoT, considering above agreement and power consumption as main criteria and propose design guidelines.
Compared to R2-1813814, proposal 1 on using idle-mode measurements for ANR reporting is removed, following the agreement in RAN2#103bis above, and further design aspects are considered. An additional section on ANR reporting timing is added as well as additional details in the section for dedicated vs broadcast configuration.
2. Discussion
2.1. Single phase ANR reporting

Broadly speaking, SON/ANR reporting in Legacy LTE can be described as a two-phase protocol which can be applied for UEs in connected mode:

PCI discovery phase
1. NW provides dedicated measurement configuration to the UE

2. UE reports discovered PCI (Physical layer Cell ID) with signal levels of neighbor cells

PCI inquiry phase
3. NW request SON/ANR report for a specific PCI

4. UE reads parameters from the SI of that neighbor and reports them back to the NW

The legacy ANR reporting protocol, starts with measurements configuration and discovery of neighbor cells i.e. steps 1 & 2 above. for ease of discussion we denote these two former steps as PCI discovery phase. For legacy UEs this part is essential for connected mode mobility which can be considered as the primary objective of the connected mode measurements while ANR reporting is a secondary objective that can benefit from the outcome of the RRM measurements and can continue with two more steps specific for ANR reporting i.e. steps 3&4. for ease of discussion we denote these two later steps as PCI inquiry phase 
In RAN2#103bis the following was agreed:

· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)

Following is a straightforward implementation of the legacy ANR reporting on NB-IoT UE, starting with the UE being in connected mode and considering the agreement above:
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Figure 1: ANR Reporting flow based on Legacy procedure
1. NW configures UE with measurements for PCI discovery and release the UE connection to idle

2. UE perform the measurements (cell detection) in Idle mode.
3. UE establish a connection with the NW and reports the discovered PCIs.
4. The NW SON/ANR function decides which PCI is of interest for it. And based on that the UE is configured with the required PCIs for further ANR reporting and released to idle mode

5. The UE performs the required measurements and SI acquisition in idle mode

6. UE establishes a connection with the NW and provides ANR report
At step 3, the ANR function may decide that it has no interest in the detected PCIs, and for these UEs the flow is ended. In fact, we can assume that this would be the common case, i.e. in most cases the UE would consume power for the PCI transmission and the ANR function would not be able to benefit from it.
Obviously the above is a cumbersome flow, inefficient in both power and signaling load. While the PCI discovery phase is anyway needed for legacy UE connected mode mobility, this is not the case for NB-IoT UEs. moreover, each configuration is done in connected mode but executed in idle mode. For further configuration, the UE needs to connect to the NW again and release the connection again for execution. The two phases of configuration are needed so the UE would not have to send full ANR report for cells which are of no interest for the SON/ANR function.
Observation 1: NB-IoT NW does not benefit from the two-phased approached used in legacy NW
Observation 2: Straight forward implementation of the legacy ANR reporting on NB-IoT UE is inefficient from power and signaling overhead perspective
Instead, the SON/ANR function can be reflected already in a first (and only) step of configuration. The NW may configure the UE with black listing of PCIs to be excluded from the report, or with white listing of the PCIs to be prioritized, or both. In such a way, the PCI discovery phase and the PCI inquiry phase can be merged into a single phase. The black list could include for example PCIs that the NW is already familiar with and does not need to learn anymore. The black list could be empty if the eNB is freshly deployed. In other cases, the eNB would like to get ANR reports for a cell it is already familiar with, e.g. to refresh its neighboring cell view, and then the PCI could be included in a white list.
Following is a possible implementation of a single phase ANR reporting for NB-IoT UEs, starting with the NB-IoT UE being in connected mode:
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Figure 2: Single phase ANR Reporting flow based on Dedicated configuration
1. NW configures UE with measurements for ANR (including black/white list) and release the UE connection

2. 
UE perform neighbor cell measurements in Idle mode. 

a. If the detected cells do not comply with the white/black list rules, the procedure ends, and UE can remain in idle (this is the common case).
b. For detected PCIs that comply with the white/black list, the UE also acquires SI for the ANR report
3. The UE connects to the NW and sends ANR report.
Proposal 1: ANR reporting for NB-IoT is designed with a single configuration measurements and reporting phase 
2.2. Measurements and reporting timing

This section discusses the preferred timing for neighbor cell measurements (step 2 above) and for ANR Reporting (step 3) 

Considering the NW ANR function purpose is to compile an up to date map of neighboring cells, it is preferred that the whole ANR Reporting flow, e.g. the proposed steps 1-3 above, are executed immediately without any delay. The configuration in step 1, may become invalid quite quickly e.g. if the NW would learn about additional cells, it may no longer wish for further UEs to measure this cell. Likewise, the late reporting of stale measurements is undesired since it may result with neighboring cells map which is inconsistent or not up to date.
It is rightfully noted that the NW preference is of a second degree, and the UE power consumption is a much more important criterion for the ANR Reporting protocol design, and therefore it was suggested that the UE shall piggyback the ANR report with the next connection. We can denote this approach as “delayed reporting”. However, we argue here that also for UE Power consumption optimization, an immediate reporting is preferred, but to show that, we will have to look at the entire UE population rather than at a single UE
Consider cell A with multiple ANR reporting capable NB-IoT UEs, and a new cell B is deployed as a neighboring cell and let us examine the delayed reporting approach versus the immediate reporting approach.
The typical NB-IoT UE would connect infrequently, from every few minutes and up to once a week should be considered typical. With the delayed reporting approach, the NW ANR function, wishing to learn about new neighboring cells within a reasonable time, would have to configure multiple UEs with ANR configuration, hoping that at least some of the UEs would reconnect within a reasonable time, and at least one of those UEs would discover the new cell. However, with the immediate reporting approach, the NW may configure much less UEs, knowing that if a new cell is found, it would be immediately reported. 
Observation 3: With the immediate reporting approach, the NW can configure less UEs for ANR reporting resulting with lower average power consumption 
In the delayed reporting approach, when finally re-connecting to the NW, the UEs would transmit a report which is most likely stale, e.g. since other UEs have already reported cell B, there is no value in reporting this cell again.
Observation 4: With the delayed reporting approach, most of the report transmissions are redundant.

It was proposed that at least a timer is configured to avoid the stale reporting problem. This indeed could help to minimize the power consumption spent over redundant stale transmission, but it would not save the power consumed for the reception of the ANR configuration and the measurements execution.
Proposal 2: The UE configured with ANR reporting is preforming the required measurements as soon as it is released to idle mode and reconnects to the NW for ANR report transmission

2.3. Dedicated configuration vs broadcast configuration

The proposed dedicated configuration-based flow above starts with UE in connected mode, and if ANR report is found needed, additional connection establishment is required.  Further optimization could be done, if the ANR configuration is provided in a broadcast message. 

Following is a possible implementation of a single phase ANR reporting for NB-IoT UEs, starting with the NB-IoT UE waking up e.g. for MO call:
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Figure 3: ANR Reporting flow based on broadcast configuration
1. UE reads SI configuration from the serving cell

2. UE performs the measurements (neighbor detection) while still in Idle mode

3. For detected PCIs that comply with the white/black list, the UE also acquires SI

4. 
The UE connects to the NW and sends ANR report if available.
At least for MO call flow, the delay tolerant NB-IoT UE should have enough time to complete the required neighbor cell measurements and then start the connection establishment procedure for the MO call and possible ANR reporting. This way, the extra connection establishment for ANR reporting, required in the dedicated signaling based flow, could be made redundant. On the other hand, broadcasted configuration cannot be adjusted too frequently so one drawback is that the UE may send ANR report for PCI which the NW is longer interested in, e.g. if that PCI was already reported by another UE.
The broadcast configuration design should consider the effect over non ANR report capable UEs, e.g. the broadcast configuration can be placed in a SI message which is only read by ANR report capable UEs and this SI shall not be tracked with SI value tag.
For some scenarios, the broadcasted based flow may be still attractive, e.g. if the NW is interested to compile an RSRQ/RSRP map of a neighbor cell (e.g. to support positioning functionality or to optimize inter-cell interference). In this case the NW may broadcast a white list including the PCI it is interested in.
Proposal 3: RAN2 is asked to consider ANR Reporting flow based on dedicated configuration versus ANR Reporting flow based on broadcast configuration. Further mechanisms to assure optimized power consumption can be discussed
3. Conclusion 

In this contribution, we make the following observations and proposals:
Observation 1: NB-IoT NW does not benefit from the two-phased approached used in legacy NW

Observation 2: Straight forward implementation of the legacy ANR reporting on NB-IoT UE is inefficient from power and signaling overhead perspective
Observation 3: With the immediate reporting approach, the NW can configure less UEs for ANR reporting resulting with lower average power consumption
Observation 4: With delayed reporting approach, most of the report transmissions are redundant.

Proposal 1: ANR reporting for NB-IoT is designed with a single configuration measurements and reporting phase 
Proposal 2: The UE configured with ANR reporting is preforming the required measurements as soon as it is released to idle mode and reconnects to the NW for ANR report transmission

Proposal 3: RAN2 is asked to discuss the benefits of ANR Reporting flow based on broadcast configuration. Further mechanism to assure optimized power consumption can be discussed
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