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1 Background
The method for ANR support in UTRAN was discussed in RAN270bis [1], [2], [3], [4], [5]. 
As a way forward it was noted [6]:
- Agreement: Use the working assumption that RAN2 ANR procedure shall consist of UE reading/storing and reporting information obtained from System Information and/or physical measurements of a neighbour cell.

And it was agreed that [6]:
O ANR measurements are under the control of the NW (NW asks UE to perform ANR measurements)

O For Intra-UTRA case we could have dedicated control of ANR measurements

O FFS for inter-RAT case (depending on the method, maybe only the report from UE is needed)
An LS was sent to RAN3 to identify what information would be beneficial for the UE to report in order for the network to establish the missing neighbor relations [7]. 
1.1 Preferred way forward

To support ANR in UTRAN two approaches have been discussed until now:

1. Cell re-selection based ANR [4], [8], [9]
2. Re-use / extension of SI acquisition

The pros and cons of both approaches have been discussed extensively in several contributions [1], [2], [3], [4], [5]. An approach that is simple for both UE and NW, not connected to CSG functionality, and has no impact on UE power consumption or voice quality impact is preferred. The SI acquisition approach is not expected to offer that. In this document an approach different from SI acquisition, and possibly based on cell re-selection is explored further.
The main focus of this contribution is to explore how a method of ANR support in UTRAN could look like, taking the cell re-selection based method as a starting point. It should be noted that the cell re-selection based method has only been discussed on a high level, i.e. there are many details to be discussed further.
1.2 Requirements

An LS was sent to RAN3 to identify what information would be beneficial for the UE to report in order for the network to establish the missing neighbor relations [7]. The WID [10] defines the scope of ANR for UTMS to Intra-UTRAN and Inter-RAT including GSM and LTE. Furthermore ANR for UMTS [10]:

· Limit user perceived impacts (voice quality, throughput, power consumption)

· UE and NW complexity (implementation, feature dependency, signalling impact, supported UE states, re-use of existing functionality)
The following requirements need further discussion and clarification. This would help to understand the purpose and goals of ARN for UMTS better:

· ANR aims to optimize neighbor relations. In case of UMTS does this imply optimization of the NCL? Does it imply newly added cells (SON), or also pruning/optimization of NCL? Does it include interference monitoring from other PLMNs?
· Is the aim of ANR is to optimize dropped call rate (i.e. reduced failed handovers in CELL_DCH) and avoid Out of Service (OOS) when the UE cannot find a suitable cell for cell re-selection?
· Is ANR support required in a certain cell (or area) for some time by one (or more or all) UEs to collect neighbor relations? 
· To what extend should similar functionality as ANR in LTE be supported in UMTS? ANR in LTE is not based on cell re-selection, and the network is able to control the ANR measurement and reporting of individual UEs by means of dedicated signalling.
· Are there any performance requirements, i.e. ANR measurements / reporting performance (e.g. latency, duration, number of reported neighbor relations, accuracy)?
· What type of cells should be reported, i.e. any detected cell?: 
· Macro, CSG, Hybrid?
· Belonging to HPLMN, EPLMN, any PLMN?

· This question is perhaps connected to the selected method, i.e. whether the UE first reports measured/detected cells (PSC, UARFCN), and next the NW asks the UE to read SI of measured/detected cell to update neighbor relations.

1.3 ANR in LTE

The ANR function in LTE allows automatic detection of new neighbour relations, compared to manual configuration, using e.g, cell planning tools, drive tests. The ANR function is defined in connected mode for LTE.

Intra-frequency

The UE is typically configured to measure and report intra-frequency cells when in connected mode. When the UE reports an intra-frequency cell for which the NW has no neighbour relation, the NW can instruct the UE to read the ECGI, TAC and PLMN ID(s) of this neighbour (Measurement configuration purpose = reportCGI). With a Rel-8 UE, the NW needs to configure large gaps ("idle periods") for this. In Rel-9, a UE supporting "autonomous gaps", is also allowed to temporarily abort communication with the serving cell, i.e. create autonomous gaps to perform the reading.

1. UE reports intra-frequency detected cell (PCI) for which there is no neighbour relation in NW
2. NW instructs UE to acquire ECGI, TAC and PLMN ID(s) of detected cell
3. UE reports neighbour relation info to NW Inter-frequency and Inter-RAT

Inter-frequency and inter-RAT

Inter-frequency and inter-RAT measurements are typically not continuously configured in the UE. Inter-frequency measurements are typically configured in the UE when intra-frequency measurements "fail", i.e. HO or re-selection to suitable intra-frequency cell is not possible (and serving cell drops below certain threshold). Similar conditions apply to inter-RAT. 

The inter-frequency / inter-RAT ANR is similar to the intra-frequency ANR, but the NW provides additional information to the UE to limit the search effort for detected cells in the UE:

1. NW instructs the UE to measure and report inter-frequency / inter-RAT detected cells on the indicated frequencies/RATs. 

2. UE reports inter-frequency/inter-RAT detected cell (PCI) for which there is no neighbour relation in NW

3. NW instructs UE to acquire ECGI, TAC and PLMN ID(s) of detected cell

4. UE reports neighbour relation info to NW

There is not a strict requirement to align with LTE, but it is good to understand that the method in LTE is a 2-step approach based on detected cell reporting by the UE after which the UE is instructed to obtain SI information for a specific detected cell. 

2 Discussion
2.1 Detected cell re-selection

In the cell re-selection based ANR approach the UE would re-select to a detected cell, acquire SI, and store relevant neighbour information for possible ANR reporting later. The neighbour cell information acquisition comes "for free" when the UE re-selects to the detected cell.

In Idle mode re-selection, as defined today, the UE does not re-select to detected cells, and the possible negative impact of this extension needs to be investigated further. Might the UE re-select to cells of another PLMN or a barred cell? Could detected cell re-selection cause unnecessary re-selections, failed registrations, or even missed calls?
Proposal 1: RAN2 is kindly requested to discuss the impact of detected cell re-selection.
2.2 Accuracy of reported ANR information

The detected cell re-selection history that is reported is based on detected cell re-selection, which depends on the cell re-selection parameters. It needs to be discussed further whether the reported detected cell re-selection, reflects correctly the required neighbor relations. 
In case the intra-frequency cell coverage is good, there is the possibility that the UE will not re-select to (detected) inter-frequency and/or inter-RAT neighbouring cells, because the current frequency provides good coverage. In such case cell re-selection based ANR will not reveal the neighbor relations. 

Proposal 2: RAN2 is kindly requested to discuss whether the reported detected cell re-selection, reflects correctly the required neighbor relations.
2.3 Mobility

Cell re-selection based ANR does not work with stationary devices. Especially stationary devices may be deployed in areas/locations where "normal" UEs do not roam e.g. indoor and remote areas.

Proposal 3: RAN2 is kindly requested to discuss whether ANR should be supported for stationary devices.
2.4 Cell re-selection based method variants
The cell re-selection based approach is simple to implement for the UE and therefore attractive. However in case detected cell re-selection is not desired, variants on this approach for ANR can be explored. For example, the UE could first report only the physical layer measurements in the cell for which "ANR measurement reporting" is set. When the UE then reports a PSC of a detected cell, for which the NW would like to acquire neighbour relation information, the NW could instruct the UE to acquire SI for such detected cell. Furthermore it can be investigated to which extend logged MDT can be re-used and extended to serve the needs for ANR in UMTS. In any case ANR support in DRX states is preferred to limit the UE impact. 
Proposal 4: Variants of cell re-selection based ANR can be explored if detected cell re-selection based approach is not selected.
2.5 Network control

For the purpose of ANR it is desirable to acquire the neighbour relations of a particular cell, e.g. cell for which there is a high dropped call rate. In the cell re-selection ANR approach, the UE could report it's detected cell re-selection history in a cell where "ANR reporting" is indicated in SI. The UE's supporting "ANR for UMTS" (or fraction there off similar as with MBMS counting) would trigger "ANR reporting". However it may be difficult to control the amount of ANR reporting in this way. Furthermore the trigger for stop ANR reporting should be defined (e.g. no "ANR reporting" indication in SI).
It is noted that in ANR for LTE the network has explicit control for which reported PCI the UE shall acquire neighbour relation information. 

Proposal 5: RAN2 is kindly requested to discuss the level of network control required for ANR reporting in UMTS. 

2.6 Supported UE states

Idle mode cell re-selection applies to Idle mode, CELL_PCH, URA_PCH and CELL_FACH state, i.e. those are the potential states the UE could support ANR in UMTS. The UE state when the UE camps on a cell depends on the supported states in the network, and the network policy. 

To limit the implementation impact on UE and NW it is desirable to limit the number of supported UE states. 

Proposal 6: RAN2 is kindly requested to discuss the UE states that support ANR for UMTS. 
2.7 ANR UE capabilities

ANR for UMTS is assumed to be an optional feature, similar as in LTE. In addition it should be discussed if separate ANR features are defined for:
· Intra-frequency ANR

· Inter-frequency ANR

· Inter-RAT ANR

Proposal 7: ANR for UMTS is optional feature. RAN2 is kindly requested to discuss separate support for Intra-frequency, Inter-frequency, and Inter-RAT.
3 Summary

RAN2 is kindly requested to discuss the method for ANR for UMTS:
Proposal 1: RAN2 is kindly requested to discuss the impact of detected cell re-selection.
Proposal 2: RAN2 is kindly requested to discuss whether the reported detected cell re-selection, reflects correctly the required neighbor relations.
Proposal 3: RAN2 is kindly requested to discuss whether ANR should be supported for stationary devices.
Proposal 4: Variants of cell re-selection based ANR can be explored if detected cell re-selection based approach is not selected.
Proposal 5: RAN2 is kindly requested to discuss the level of network control required for ANR reporting in UMTS. 

Proposal 6: RAN2 is kindly requested to discuss the UE states that support ANR for UMTS. 

Proposal 7: ANR for UMTS is optional feature. RAN2 is kindly requested to discuss separate support for Intra-frequency, Inter-frequency, and Inter-RAT.
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