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1. Introduction
In this contribution, we analyze how the proximity indication can be efficiently utilized for traffic offloading purpose while improving UE power saving by being able to control inter-frequency measurement rate for ‘planned’ small cells, especially by taking into account the loading condition of hot spot pico cells. We propose to use proximity indication for inter-frequency small cell detection even for pico cells and to use loading condition of pico cells when the serving macro cell configures the inter-frequency measurement rate on the pico cell frequency layer. Before going to discuss our proposal for planned small cells, [1] is summarized and discussed first as it helps to make clear what points we intend to discuss since [1] has the same goal but for different scenario, ‘unplanned’ small cells.

2. For unplanned small cells
[1] discussed how enhanced small cell discovery could be efficiently utilized for traffic offloading purpose and efficient mobility performance, especially for unplanned small cells where X2 interface is not available. The main idea is that small cells broadcast their loading conditions and UEs report the measurement report including the broadcast loading conditions to their serving macro cells so that the serving macro cells makes efficient decision of whether to offload traffic to small cells and to which small cell to offload traffic. This mechanism could not only be used for efficient mobility decision by taking into account small cell’s loading condition but also be used for network initiated efficient traffic offloading purpose.
When enhancing small cell discovery mechanism in such a way, 2 aspects need to be taken into account as they can affect UE battery consumption due to inter-frequency measurement. The first aspect is how the loading condition of small cells is delivered to the serving macro cell and the second aspect is when the loading condition is delivered. Regarding the first aspect, for unplanned small cells where X2 interface is not available, it seems to be the only possible way that small cells broadcast loading condition and UEs report them to serving macro cell. Regarding the second aspect, [1] proposed that the serving macro cell obtains the loading condition when the UE does the measurement report. However, it would be more efficient from battery consumption point of view if the broadcast loading condition is obtained by serving macro cell without actually performing inter-frequency measurement.

Observation 1: For unplanned small cells, inter-frequency measurement is not avoidable for traffic offloading when discovering target small cells.

One consideration was to enhance the proximity indication with location information for hot spots and current UE location in order to avoid inter-frequency measurement. However, there are 2 issues with this approach. The first issue is the power consumption using positioning function, e.g. GPS which may incur more power consumption than performing inter-frequency measurement, pointed out in [1] and the other issue is that it is not guaranteed that UEs are able to receive the broadcast System Information, containing the loading condition at the proximity detection stage as the signal strength may be not strong enough.

Observation 2: For unplanned small cells, there is an issue with regard to using positioning function (e.g. GPS) in order to avoid inter-frequency measurement for the purpose of small cell discovery from UE battery consumption point of view.
Consequently, the proposed mechanism seems to be the only available solution for the purpose of traffic offloading to unplanned small cells without avoiding performing inter-frequency measurement.
3. For planned small cells
For unplanned small cells, it was unavoidable to perform inter-frequency measurement in order for serving macro cell to obtain loading condition of small cells and to make efficient decision of whether to offload traffic to small cells and to which small cell to offload traffic. However, in the case of planned small cells where X2 interface is available, the proximity indication could be efficiently utilized for traffic offloading purpose while improving UE power saving by being able to control inter-frequency measurement rate for ‘planned’ small cells, especially by taking into account the loading condition of small cells. Since typical example of planned small cell is hot spot pico cell, hot spot pico cell is used in the following text instead of hot spot pico cell.
After UE sends the proximity indication of hot spot pico cells to serving macro cell, the macro cell could obtain the latest loading condition of hot spot pico cells, which could be used for the decision of whether the offloading to a particular hot spot pico cell is meaningful or not. If the detected hot spot pico cell is overloaded, then the serving macro cell would not configure inter-frequency measurement at all or configure lower rate inter-frequency measurement. As hot spot pico cells are preferably deployed in densely populated area, the hot spot pico cells could be overloaded at certain busy hours. And also as hot spot pico cells are usually not dependent on the degradation of serving macro cell’s radio condition, s-Measure cannot be used to control when the inter-frequency measurement is to be performed. This implies that there is high probability that the serving macro cell receives as many proximity indications as UEs detect the hot spot pico cells and consequently those UEs would be configured to perform inter-frequency measurement always regardless of the hot spot pico cell’s loading condition. However, the way to save UE battery consumption for performing proximity indication for pico cells is currently being discussed in RAN2 [2, 3, 4, 5, 6, 7, 8, 9] and could be even further minimized or decreased if the target pico cell is detected to be overloaded using loading condition, which is efficient from UE battery consumption point of view.
Observation 3: Inter-frequency measurement rate for hot spot pico cells could be minimized based on loading condition if proximity indication is used for hot spot pico cells. 
There is another advantage for traffic offloading purpose if the proximity indication is used for pico cells. When the serving macro cell is congested or the current user experience in terms of achieved throughput is not good enough even though the current radio conditions would not trigger a measurement report towards the serving macro cell to initiate a handover, the serving macro cell could have some guess which UEs are the potential candidates for offloading to hot spot pico cells based on the received proximity indication. It would not be efficient if serving macro cell configures inter-frequency measurement for all the UEs in its coverage when the serving macro cell needs to offload its traffic to hot spot pico cells. It would be more efficient to configure inter-frequency measurement only to those UEs in the proximity of target hot spot pico cells.
Observation 4: It would be more efficient to configure inter-frequency measurement only to those UEs in the proximity of target hot spot pico cells when the serving macro cell initiates to offload its traffic to small cells when the serving macro cell is congested.
Regarding the UE battery consumption issue in proximity indication, caused by using positioning function (e.g. GPS) in order to avoid actual performing of inter-frequency measurement to detect hot spot pico cell, could probably be solved by the current proximity indication study in RAN2. There are currently 5 solutions for proximity indication being discussed as follows and all of them are not based on positioning function (e.g. GPS), which is the cause of large UE battery consumption.
Solution 2:
Small cell discovery signal in macro layer [2]

Solution 5:
Network based small cell proximity detection – based on macro cell listening [3, 4]

Solution 6:
UE based small cell proximity detection [5, 6, 7, 8]

Solution 7:
Network based small cell proximity detection – based on pico cell listening [6]

Solution 8:
Network triggered background scans for Pico cells [4, 9] 
Observation 5: The UE battery consumption issue of proximity indication due to the positioning function (e.g. GPS) could probably be solved by current RAN2 study, which is not dependent on positioning function.
If the proximity indication is used also for hot spot pico cells and is used together with loading condition of pico cells, then unnecessary inter-frequency measurement could be avoided or decreased and at the same time UE initiated mobility could be achieved efficiently since UEs would not handover to overloaded hot spot pico cells at the proximity detection stage.
Proposal: RAN2 is kindly requested to consider ‘proximity based small cell detection’ approach for pico cell discovery and to utilize it to configure appropriate inter-frequency measurement rate by taking into account loading condition of hot spot pico cells.
4. Conclusion
In this contribution, we summarized how the small cell broadcast loading condition is efficiently utilized for traffic offloading to unplanned small cells, proposed by [1]. However, there is an inherent and unavoidable limit to avoid inter-frequency measurement in order to discover target small cells.
This inherent and unavoidable limit for unplanned small cells could be minimized or decreased for planned  hot spot pico cells, if proximity indication, not depending on positioning function (e.g. GPS), is also used for pico cells by taking into account loading condition of hot spot pico cells.

Observation 1: For unplanned small cells, inter-frequency measurement is not avoidable for traffic offloading when discovering target small cells.

Observation 2: For unplanned small cells, there is an issue with regard to using positioning function (e.g. GPS) in order to avoid inter-frequency measurement for the purpose of small cell discovery from UE battery consumption point of view.

Observation 3: Inter-frequency measurement rate for hot spot pico cells could be minimized based on loading condition if proximity indication is used for hot spot pico cells. 

Observation 4: It would be more efficient to configure inter-frequency measurement only to those UEs in the proximity of target hot spot pico cells when the serving macro cell initiates to offload its traffic to small cells when the serving macro cell is congested.

Proposal: RAN2 is kindly requested to consider ‘proximity based small cell detection’ approach for pico cell discovery and to utilize it to configure appropriate inter-frequency measurement rate by taking into account loading condition of hot spot pico cells.
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