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1. Introduction
The following was agreed for NB-IoT SON/ANR:

	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 this contribution we investigate ANR reporting for NB-IoT, considering above agreement and power consumption as main criteria and propose design guidelines.
Large parts of this documents are re-written in compare to R2-1817501
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: NW configures UE with measurements for ANR including at least black list of cells to exclude. 
Proposal 2: UE perform neighbor cell measurements in Idle mode, for detected PCIs that comply with the ANR configuration, the UE also acquires SI for the ANR report. 
2.2. Measurements and reporting timing

At RAN2#104 It was agreed that SON information can be reported along with EDT and it is FFS if SON reporting trigger EDT transmission or if it is differed till the next unrelated communication. it was also agreed that the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbor relations like with LTE ANR and is therefore not time critical.

Thus, in this section we discuss the preferred timing for neighbour cell measurements (step 2 above) and for ANR Reporting (step 3) and select the preferred timing from power consumption perspective.

Looking at delayed reporting, the situation is quite different for UE with MO data versus a UE with MT data. For a UE hosting an MO application, i.e. an application which is mostly establishing connections for MO data (e.g. a tracker that connects to the NW to provide a periodic location), the connection establishment timing is controlled by the application, so the UE may choose to perform the measurements just before the connection establishment, and the additional delay does not impact the application.
A UE hosting MT application (or mixed MO/MT application), is triggering a connection establishment based on received paging and cannot delay the connection establishment until it performs the SON/ANR measurements. The UE hosting MT application could repeat the measurements before each paging occasion or paging window, however, any protocol that requires multiple sets of measurements is inferior compared to a protocol that requires a single set of measurements. Thus, for UEs hosting a MT application it is preferred to perform a single set of measurements immediately when released to RRC idle or just before the first paging occasion. The downside of this approach is that the ANR report would be provided to the NW only on the next connection which could be hours or days away. The NW however can take it into account if a timestamp is added to the measurements.
The alternative approach is immediate reporting. according to recent RAN2 agreements SON reporting does not trigger RRC connection establishment/resume, but it is FFS if it can trigger EDT transmission. the UE perform the ANR measurements as soon as it is released to Idle and if ANR report is available, the UE immediately report it back to the NW with EDT.
With EDT immediate reporting there is an overhead of additional RA procedure. However, this would be the uncommon case. In most cases the black listing, and perhaps other restrictions would prevent the ANR reporting altogether. In other words, on average, most of the power overhead is caused by the ANR/SON measurements rather than by the ANR/SON reporting. This approach has the benefit of providing up to date ANR report to the NW, so it is assured that the report is still valid when received by the NW. on the downside, according to recent agreements this approach is limited to UEs supporting EDT. 
Observation 3: Delayed report with delayed measurements is a suitable approach for a UE hosting a MO application
Observation 4: Delayed report with immediate measurement is a suitable approach for a UE hosting a MO application or MT application
Observation 5: Immediate reporting is a suitable approach for a UE supporting EDT
Proposal 3: The UE performs ANR measurements immediately upon entering idle mode.
Proposal 4: RAN2 understanding is that most ANR measurements would not result with ANR report
Proposal 5: For UE supporting EDT, once ANR report becomes available it is submitted for EDT transmission.

2.3. Dedicated configuration vs broadcast configuration

Some aspects of this section are relevant also for SON/RACH and SON/RLF. Therefor it is discussed in another contribution [1]

2.4. Reselection based ANR reporting

It was proposed that ANR reporting could be based on idle mode reselection in a similar manner to legacy LTE logged MDT feature. The UE records the cells it reselects from, and later report them on connection establishment to the last selected cell.

This approach is indeed attractive from power consumption PoV, as it does not require dedicated measurements, but we wonder if it can serve the required functionality. 
Typical NB applications are geo stationary and may stay in the same location for years, so large parts of the NB-IoT networks may be left unmapped by SON/ANR.  Furthermore, the very locations that may benefit most from NW optimizations e.g. the basements or service rooms of buildings are the locations that typically host geo stationary UEs only – there is little chance that a mobile NB UE would wonder in and out of such location. Thus, these locations are left without SON/ANR coverage.

Actually, the only locations that would have good ANR/SON coverage are the border areas between cells. which is good for updating neighbour relations but not aligned with the agreement that the purpose of SON/ANR reporting in NB-IoT is network optimization rather than immediately updating neighbour relations

If eNB vendors are happy with this approach, there is little motivation to specify anything else for SON/ANR, but we should be careful not to underestimate the NW requirements and find ourselves coming back to this subject in later releases.

In our view, this option could be specified only as an addition to one of the other options.

Proposal 6: RAN2 confirm that ANR reporting based on cell reselection could be beneficial. RAN2 intend to reconsider ANR reporting based on cell reselection once the basic ANR reporting framework is agreed.
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: Delayed report with delayed measurements is a suitable approach for a UE hosting a MO application or MT application
Observation 4: RAN2 understanding is that most ANR measurements would not result with ANR report
Observation 5: Immediate reporting is a suitable approach for a UE supporting EDT
Proposal 1: NW configures UE with measurements for ANR including at least black list of cells to exclude.
Proposal 2: UE perform neighbor cell measurements in Idle mode, for detected PCIs that comply with the ANR configuration, the UE also acquires SI for the ANR report.
Proposal 3: The UE performs ANR measurements immediately upon entering idle mode.

Proposal 4: RAN2 understanding is that most ANR measurements would not result with ANR report

Proposal 5: Proposal 5:
For UE supporting EDT, once ANR report becomes available it is submitted for EDT transmission.

Proposal 6: RAN2 confirm that ANR reporting based on cell reselection could be beneficial. RAN2 intend to reconsider ANR reporting based on cell reselection once the basic ANR reporting framework is agreed.
References

[1] R2-1901643 “A framework for SON Configuration/Reporting”; Sequans
_1599400250.bin

_1599400787.bin

