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1
Introduction
ANR has been standardized in order to support the mobility management functions in the eNB [1] and its task in LTE is to discover and resolve neighbour cells via UE measurements. 

For ANR it is important on the one hand to find all available neighbour cells as soon as possible, and on the other hand do so without causing too much performance load and degradation to the UEs making the measurements. 
In this contribution, we elaborate the limitations and drawbacks of the UE measurements that are currently available for supporting inter-RAT ANR and propose an improvement.

2
Discussion
2.1
Existing method analysis
One of the UE measurements defined at the purpose of inter-RAT Automatic Neighbour Relation (ANR) is reportStrongestCellForSON [2].Via this measurement configuration, the UE is requested to report to the serving eNB the strongest “Physical Cell Identifier” (PCI) that it detects on the indicated frequency and radio technology.

When reportStrongestCellForSON is configured by serving eNB, the UE will immediately start this measurement and trigger the corresponding measurement report, if and when it has determined the “strongest” cell that it can measure on the indicated frequency and radio technology. 
A candidate cell for a reportStrongestCellForSON measurement report is any cell fulfilling the requirement, i.e. the UE checks all PCIs of the indicated carrier and technology, however only one PCI, i.e. the “strongest” detected cell, can be reported. There is no way so far for the eNB to restrict (e.g. via a “black”- or a “white-list”) the UE search to a sub-set of candidate cells.

On the other hand, for any other inter-RAT measurement configuration (i.e. event B1 or event B2 and even the periodic inter-RAT reportStrongestCells) the serving eNB must provide to the UE not only the frequency and the radio technology, but also the list (“white-list”) of candidate cells to measure. The corresponding UE measurement report can contain more cells, however only from the provided white-list. Since 3GPP allows including at most 32 PCIs per carrier in such a white-list, only a small fraction of the possible PCIs can be probed with these other inter-RAT measurements.
2.2
Restrictions
For ANR it is important to discover available neighbour cells via suitable UE measurements as soon as possible, without affecting too much the served UEs. However, currently available inter-RAT measurements have a number of restrictions making the search for new inter-RAT neighbour cells quite inefficient.

ReportStrongestCellForSON:

ReporStrongestCellForSON (RSCFS) looks like the most suitable measurement for ANR, as the eNB does not have to tell to the UE which cells to measure. However, it has the major constraint that only one cell, the “strongest” one, can be reported and that no cell can be excluded by the UE from the search. This leads to the following side-effects:

· As the eNB, for not affecting the quality of service, will likely activate RSCFS measurement only at UEs in good radio condition, the vast majority of RSCFS measurement reports provide an already known neighbour cell and therefore are useless for ANR.
· As the UE can report only one cell, other nearby cells that are still well detected although weaker, are never reported and therefore never used as target for handover. 
Event B1/B2 and reportStrongestCells:

Event B1/B2 are generally activated at UEs with bad radio conditions for triggering a handover, therefore at the point in time and geographic position where the detection of a valid candidate target cell would be needed.However via event B1 and B2 measurements, as well as via reportStrongestCells (RSC) measurements, the UE can measure and report only known cells, i.e. cells that are explicitly provided to the UE by the eNB in the white-list. This means that these measurements are not suited for discovering unknown neighbours. 
The picture below shows an example of what may happen with the current measurements.
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Figure 1: Limitations of the existing procedure for finding IRAT neighbours.

ReportStrogestCellforSON will be likely activated only at UEs inside the green circle, i.e. at UEs in good radio conditions, which will therefore report the identity of one single UTRAN cell, i.e. Cell1. On the other hand, B1/B2 measurements to UTRAN are activated only if/when a UE experiences bad radio conditions, i.e. outside the red circle. However, if the identity of the candidate UTRAN cell, Cell2, is not known, it will not be reported by the UE and therefore it cannot be selected as target cell for handover.
A possibility would be to activate the RSCFS measurement, after some time since the activation of the B1/B2 measurement that didn’t lead to any measurement report. However it is not clear at which point in time RSCFS should be activated, besides a new RRC Connection Reconfiguration procedure would be required for that.
2.3
Possible enhancements
In the past, a proposal to enhance RSCFS measurement configuration via a PCI white-list (i.e. a list of PCIs already known and therefore to exclude from the UE measurement report) has been submitted without success (see [5]).

Such enhancement would have increased the probability to detect other neighbour cells, still without resolving the issue of the appropriate geographic position where to activate the measurement. 

· As alternative, we would like to propose an enhancement to event B1/B2 measurements as follows:When configuring event B1 and/or event B2, the eNB can optionally indicate via a flag whether the UE should report the strongest PCI that it detects on the associated measurement object/carrier frequency, if it cannot find any suitable cell/PCI (i.e. a PCI of the provided white-list) fulfilling the configured event B1/B2 entering conditions.

With such enhancement the eNB can discover new neighbour cells that are valid handover targets more efficiently than using the legacy RSCFS intended for ANR, or a combination of B1/B2 measurement followed by RSCFS, for the following reasons:

· Event B1/B2 are activated when the UE experiences degraded radio conditions with the serving cell, and therefore in geographic positions where RSCFS is not generally activated and where the detection of a suitable neighbour cell would be highly beneficial for preserving the call.

· As the UE configured with event B1/B2 is requested to report the strongest detected cell only under the condition that it cannot find any suitable known cell to report, there will be no performance degradation as long as there are known neighbour cells to report. 

· The unknown cells detected via B1/B2 can be resolved later by other UEs (e.g. via RSC and reportCGI), allowing the eNB to fill out its neighbour relation table faster and effectively, while reducing at the same time the number of useless RSCFS measurements/measurement reports.

· Besides, even though it is very likely that the UE that discovers a new neighbour via B1/B2 cell cannot benefit from it, such discovery can save the connection of other UEs that will come to that geographic point later on.

Table 1: Examples of the enhanced method use
	Pre-conditions
	Case#1
	Case#2
	Case#3

	· UE1 is connected with eNB CellA
· CellA has UTRAN PCI1 and PCI2 as candidate UTRAN neighbours on frequency F1, but only PCI1 is known
· B1/B2 event measurement on F1 is active at UE1, with PCI1 provided in the white-list, and the UE is requested to provide the strongest PCI that it detects on F1, if otherwise it has nothing to report
	· UE1 detects PCI1 and PCI1 fulfils the B1/B2 event entering condition
· UE1 will send to CellA B1/B2 measurement report including PCI1.


	· UE1 does not detect PCI1, or PCI1 does not fulfil the B1/B2 event entering conditions. However UE1 detects PCI2, as the strongest UTRAN signal on F1
· UE1 will send to CellA B1/B2 measurement report including PCI2.


	- UE1 detects PCI1 and PCI1 fulfils the B1/B2 event entering conditions. However UE1 detects PCI2, as the strongest UTRAN signal on F1

- UE1 will send to CellA B1/B2 measurement report including PCI1 and PCI2.




Proposal: Enhance the report configuration of inter-RAT measurement events (reportConfigInterRAT IE) so that the eNB can request (e.g. via a new optional field “reportDetectedCell”) the UE to report any detected PCI if it cannot find a PCI fulfilling the here configured (B1 or B2) measurement event entering conditions.

3
Conclusion
This contribution has analysed the shortcomings of the existing UE measurements for supporting inter-RAT ANR  proposing an enhancement to the legacy B1/B2 event measurements, so that the probability that a UE detects and reports new inter-RAT neighbour cells is increased and, consequently, also the inter-RAT handover success rate is improved. At the purpose, we propose the following:

Proposal: Enhance the report configuration of inter-RAT measurement events (reportConfigInterRAT IE) so that the eNB can request (e.g. via a new optional field “reportDetectedCell”) the UE to report any detected PCI if it cannot find a PCI fulfilling the here configured (B1 or B2) measurement event entering conditions.
The corresponding CR is proposed in [6].
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