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1
Introduction
Lately the problem of inter-frequency small-cell search has received a considerable amount of attention. The main difficulty is that inter-frequency neighbor-cell search usually requires the use of measurement gaps, which drain the UE battery and reduce the amount of resources available for regular data communication. Since heterogeneous networks often contain a large number of small cells, then it is possible that the UEs would have to monitor a lot of neighbor small cells on several frequencies. This would place a considerable burden on the UEs.
It seems therefore necessary to limit as much as possible the time that UEs need to spend on inter-frequency small-cell search. One solution is to use proximity indications for triggering inter-frequency small-cell search and monitoring [1]. This contribution examines this solution.
2
Offloading in Hetnet
In heterogeneous networks one strives to offload UEs from macro cells to small cells in places like shopping malls, office buildings and homes, where the UE density is high or where UEs spend much time. Thus the high-density, low-speed UEs are offloaded to the small-cell eNBs and he high-speed or low-density UEs are left to the macro eNBs. With this division of labor between macro cells and small cells, it is possible to decrease the load of the macro cells and increase network capacity.
Thus a macro cell may configure its UEs to search for potential offloading targets. But one problem is that the present neighbor-cell search mechanism is designed to support UE mobility, not offloading. 

The present specifications state that, when the UE is in the RRC_CONNECTED mode and s-Measure is used, neighbor-cell search is triggered only if the RSRP of the serving PCell falls below a given threshold [3]. This allows macro UEs to discover small cells at the edge of the macro cell, but not small cells inside the macro cell.
Therefore in order to allow UEs to discover small cells anywhere, inter-frequency neighbor-cell discovery needs to be triggered by some mechanism other than RSRP measurements. One such mechanism is proximity indications (see also [R2-121665]).
3
Discussion on inter-frequency cell discovery
3.1
On Hetnet Inter-frequency deployments
In a heterogeneous network that operates on more than one frequency layer, the macro cells may have to configure their UEs to search for potential offloading targets on several frequencies. 

In a heterogeneous network that operates on more than one frequency layer, inter-frequency neighbor-cell search will be needed for finding potential offloading targets. However, inter-frequency cell search usually requires the use of measurement gaps, which drain the UE battery and reduces the resources available for data communication, especially if the UE has to monitor several frequencies.
Normal measurement gaps are spaced at 40 or 80 ms intervals, and this cell-search rate is designed for supporting UE mobility. But for the purpose of finding suitable offloading targets, a much lower search rate could suffice. Especially as only slowly moving UEs would typically be offloaded and for such UEs, the search rate can be lowered as the need for handover is less urgent than mobility needs of high-speed UEs. 
Observation 1: Doing inter-frequency background measurements could require a different gap pattern to be defined.

Once the UE has found a suitable offloading target, then it can continue to monitor this target ( at a higher rate, if needed. Thus UE resources can be saved by using low-rate inter-frequency cell search for finding offloading targets and using regular high-rate inter-frequency cell measurements only for monitoring such targets. Further, the current measurement framework and events could be reused fully to allow network the flexibility of deciding what kinds of reports would be triggered from the searched cells.
Proposal 1: RAN2 should consult RAN4 on how much could the measurement requirements be loosened if the nominal L3 filter rate would be relaxed from 200ms to a longer value, e.g. 2048 ms.

Proposal 2: RAN2 should discuss whether an additional gap pattern would be needed for inter-frequency small cell discovery measurements.

3.2
Background Measurements of inter-frequency cells
The current measurements are targeted for RRM purposes, and the same event configurations could be re-used for the background searches. However, to indicate the different use, the reportConfigEUTRA (or corresponding to other reportConfig in case of inter-RAT searches) could contain a flag indicating whether the reporting is to be performed on a background basis.
The serving cell configures the UE to do inter-frequency cell searches at a low rate. When the UE detects a nearby cell, it sends a proximity indication to the serving cell. The proximity indication includes the PCI of the detected cell and a measurement of the cell. If the serving cell decides that the detected cell is a suitable offloading target, then it may configure the UE to continue monitoring the detected cell ( at a higher rate, if needed. It may also configure the UE to stop searching for other offloading targets, so that resources are not wasted.
The serving cell may limit the low-rate inter-frequency cell searches to a list of potential offloading targets. Alternatively, the serving cell may configure the UE to search for all neighbor cells that operate on a given list of frequencies. 
Proposal 3: RAN2 should consider the above inter-frequency cell-search solution as a possible enhancement for small cell discovery item of Hetnet mobility SI.

4
Conclusion
UE resources may be saved by using low-rate inter-frequency cell search for finding offloading targets and using proximity indications for triggering regular inter-frequency measurements of such detected targets.

Observation 1: Doing inter-frequency background measurements could require a different gap pattern to be defined.

Proposal 1: RAN2 should consult RAN4 on how much could the measurement requirements be loosened if the nominal L3 filter rate would be relaxed from 200ms to a longer value, e.g. 2048 ms.

Proposal 2: RAN2 should discuss whether an additional gap pattern would be needed for inter-frequency small cell discovery measurements.
Proposal 3: RAN2 should consider the above inter-frequency cell-search solution as a possible enhancement for small cell discovery item of Hetnet mobility SI.
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