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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.
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. 



In this contribution we investigate ANR reporting for NB-IoT, considering above agreement and power consumption as main criteria and propose design guidelines.
The Revision of R2-1901644 contain updates to section 2.2 on measurements and reporting timing to consider RAN2#105 agreements on immediate measurements timing. Also, the sections on Dedicated configuration vs broadcast configuration and on Reselection based ANR reporting were removed.

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:

[image: image1.wmf]U

E

e

N

B

C

o

n

f

i

g

u

r

a

t

i

o

n

 

f

o

r

 

P

C

I

 

d

i

s

c

o

v

e

r

y

R

R

C

 

C

o

n

n

e

c

t

i

o

n

r

e

l

e

a

s

e

c

e

l

l

 

d

e

t

e

c

t

i

o

n

C

o

n

n

e

c

t

i

o

n

e

s

t

a

b

l

i

s

h

m

e

n

t

 

p

r

o

c

e

d

u

r

e

d

i

s

c

o

v

e

r

e

d

 

P

C

I

s

 

r

e

p

o

r

t

C

o

n

f

i

g

u

r

a

t

i

o

n

 

f

o

r

 

P

C

I

 

i

n

q

u

i

r

y

R

R

C

 

C

o

n

n

e

c

t

i

o

n

r

e

l

e

a

s

e

S

I

 

a

c

q

u

i

s

i

t

i

o

n

C

o

n

n

e

c

t

i

o

n

e

s

t

a

b

l

i

s

h

m

e

n

t

 

p

r

o

c

e

d

u

r

e

A

N

R

 

r

e

p

o

r

t

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

6

.

3

.

4


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 releases the UE connection

2. 
UE performs 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 configuration for ANR reporting may include a black list of cells to exclude. 
Proposal 2: NW configuration for ANR reporting may include a white list of prioritized cells.

Proposal 3: For detected PCIs that comply with the ANR configuration, the UE also acquires SI for the ANR report. 
2.2. Reporting timing

At RAN2#104 It was agreed that SON information can be reported along with EDT and it is FFS if SON reporting triggers EDT transmission or if it is deferred until 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.
At RAN2#105 it was agreed to follow a Solution direction based on option a i.e. Immediate, single set of measurements.
In this section we discuss the preferred timing for ANR Reporting (step 3 above) and select the preferred timing from power consumption perspective.

According to recent agreements, the measurements are preformed 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 and there could be some ambiguity regarding the relevance of the report. The NW however can take it into account if it is aware of the measurements timing.
Observation 3: Delayed reporting is prone to timeline ambiguity. This could be mitigated if the measurements timing is known to the NW.

Another concern is that by the time of the next connection, the ANR report is no longer valid, and a stale report is transmitted
Observation 4: Delayed reporting may lead to stale report transmission

Following the observation above, many companies proposed that the NW should set a timer to invalidate the UE measurements, but there was a disagreement on the UE behaviour on timer expiry. Some companies were concerned that the UE may waste power if it transmitted stale report or if the UE is obligated to perform a dedicated connection and thus suggested to drop the report on timer expiry. Other companies were concerned that valid reports may be dropped, which may indirectly consume more power since the NW would configure additional UEs with ANR reporting to compensate for the lost reports. 

There could be however another approach to address both concerns. According to the agreed Request/Response procedure, on the next connection the UE is expected to send “ANR-infoAvilable” indication with the connection completion message. If the UE sent ANR measurement timing information along with the availability indication, the NW would be able to decide, according to the up to date SON/ANR function state, if the UE measurements are usable or not. Thus, no dedicated connection is needed, and no report is wasted.
Proposal 4: Once the UE connects to the cell, it notifies the NW about the availability of the ANR report together with the measurements time information

The timing information could be explicit, i.e. a timestamp or it could be relative to a timer expiry, with low granularity to optimize the overhead size.
On top of delayed reporting, the alternative approach is immediate reporting. According RAN2 agreements SON reporting does not trigger RRC connection establishment/resume, but it is FFS if it can trigger EDT transmission. the UE performs the ANR measurements as soon as it is released to Idle and if ANR report is available, the UE immediately reports 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, RSRP thresholds 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, thus optimizing the required amount of ANR measurements is at least as important as optimizing the amount of ANR report transmissions.

The EDT immediate transmission 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 5: most ANR measurements would not result with ANR report
Observation 6: Immediate reporting is a suitable approach for a UE supporting EDT
Proposal 5: For UE supporting EDT, once ANR report becomes available it is submitted for EDT transmission.

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 reporting is prone to timeline ambiguity. This could be mitigated if the measurements timing is known to the NW.

Observation 4: Delayed reporting may lead to stale report transmission

Observation 5: most ANR measurements would not result with ANR report
Observation 6: Immediate reporting is a suitable approach for a UE supporting EDT
Proposal 1: NW configuration for ANR reporting may include a black list of cells to exclude. 

Proposal 2: NW configuration for ANR reporting may include a white list of prioritized cells.

Proposal 3: For detected PCIs that comply with the ANR configuration, the UE also acquires SI for the ANR report. 
Proposal 4: Once the UE connects to the cell, it notifies the NW about the availability of the ANR report together with the measurements time information

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