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1. Introduction
At RAN2#81 meeting, RAN2 concluded that we need to consider the inter-frequency small cell discovery [1].
This contribution provides possible solutions for the inter-frequency small cell discovery. 
2. Review of existing inter-frequency cell discovery [2]
Figure 1 illustrates a HetNet, where individual frequency bands are allocated for two different kinds of cells such as macro and small cells. In the figure, a low frequency band (fs) and a high frequency band (fm) are used at a macro cell and small cells respectively, as an example.
In general, a UE is required to conduct the inter-frequency measurement when there are multiple frequency bands to be used. As in Figure 1, the inter-frequency measurement is executed associated with the measurement gap, which allows UEs to measure another frequency bands (i.e. fs in this example). The current 3GPP standards specify two kinds of measurement gap patterns as follows.
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)

	0
	6
	40

	1
	6
	80


In order to realize quick detection of a cell with a difference frequency band (i.e. small cells with fs in this example), very frequent measurements are required. However, it causes a heavily battery consumption in UEs.
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Figure 1 Existing inter-frequency measurement
3. Possible solutions for inter-frequency small cell discovery

 Possible solution #1

One of the simple solutions is to specify a new measurement gap repetition period such as 20 ms in addition to 40 and 80 ms. The drawback of this idea is to consume UE battery.

Possible solution #2
Macro eNBs broadcast information on small cell eNBs. One bit information showing whether or not small cell(s) exist in a macro cell coverage area will be beneficial than nothing [3]. The information can be used for UEs to switch short and long measurement gap repetition period depending on the existence of small cell(s). Another option on top of this idea is to inform UEs of the number of small cells and the direction of small cells, the coverage area of small cell(s). UEs are able to change the repetition period depending on the number of small cells in the macro cell coverage area.
Possible solution #3
This can be regarded as an advanced idea of solution #2 whereas this solution requires precise information for more efficient small cell discovery. When a UE knows exact geographical locations and approximate cell radius of small cells in the macro cell coverage area, it will be useful for the UE to judge whether or not they approach small cells by identifying the geographical location as well as moving speed and direction of the UE. There are two ways to make this solution effective: (1) the macro eNB broadcasts the information on the geographical locations and approximate cell radius of small cells in the macro cell coverage area and then, UEs are able to initiate inter-frequency measurements after judging they approach the small cells, (2) the UEs report their geographical locations as well as their moving directions and speed to their associated macro eNB and then, the macro eNB instructs the UEs to initiate inter-frequency measurements for small cell discovery. Note that (1) does not need much radio resources for broadcasting the information, while (2) do need. 
Observation 1: Although solution #1 is the simplest among the above solutions, the amount of battery consumption of UEs will increase in accordance with shortage of measurement gap repetition period.
Observation 2: The information of existence of small cell(s) will be useful for UEs to select appropriate measurement gap repetition period, while suppressing the increase of battery consumption of UEs.
Observation 3: The accuracy of solution #3 will be the best in terms of minimizing the battery consumption while it requires much information over the air interface.

4. Conclusion
  In this contribution, we provided possible solutions and their observations. We would like to propose
Proposal 1: In order to facilitate the accuracy of small cell discovery without much battery consumption of UEs, information on the existence or the number of small cell(s) will be a good candidate toward a possible solution.
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