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1 Introduction
One of the main use cases of small cell is to provide hot spot coverage for traffic offloading [1]. When small cell is deployed on different frequency carriers from macro cell, the efficiency of small cell discovery has significant impact on system performance, in terms of UE battery consumption, U-plane interruption, and mobility performance. As agreed in RAN2#76, WG2 should have further discussions on the requirements proposed in [2] for inter-frequency measurement of small cells:

“Requirement 1:
UE power consumption for inter-frequency pico cell measurements in Hetnet deployments should be minimised.

Requirement 2:
U-plane interruption on the Macro serving cells caused by inter-frequency pico cell measurements should be minimised.

Requirement 3:
Mobility performance served by Macro cell carriers should not be degraded by measuring inter-frequency pico cells.

Requirement 4:
The UE should be able to measure a sufficient number of inter-frequencies in Hetnet deployments.

Requirement 5:
Performance requirements for inter-frequency measurements should fulfill low mobility scenarios.”
This contribution evaluates the use of UE based and network assisted proximity indication to meet the above requirements, and provides the simulation analysis of the resultant benefits on small cell discovery.
2 Discussions
Inter-frequency mobility can serve two purposes for active UE: one is to achieve good radio coverage and the other one is for traffic offload and better user experience.
When inter-frequency measurement is performed to maintain good radio coverage, s-Measure parameter can be configured to control when measurement should be started, and reporting triggering events can be used to control when measurement results should be sent back to the serving cell. When small cell is deployed to support traffic offload, one primary scenario of interest is where UE is in coverage of cells on different carrier frequencies. Macro cells provide continuous coverage over a wide geographical area, and small cells which are deployed on frequencies different from macro cells, offer the best user experience in hot spot locations [1]. CA deployment scenario #4 can be considered as one of this kind of HetNet deployments [2]. As small cell is preferably deployed in densely populated area, which is likely well in macro cell’s coverage too, the handover to a pico cell frequency carrier or the addition of a pico cell carrier into CA configuration is not dependent on the degradation of serving macro cell’s radio condition. Hence, s-Measure can not be used to control when inter-frequency measurement should be made. This may lead UE to continuously perform inter-frequency measurement to find small cell for possible offloading. However, as hotspot areas are scattered non-uniformly across the network, there would not be any small cell for UE to detect in most times, and this would significantly waste UE’s battery life.
Both UE based and network assisted approaches can be taken to address the inter-frequency measurement issue incurred in traffic offloading scenario [3]. UE based approach extends to small cell discovery the use of autonomous cell search and proximity indication. With minimum impact on the specifications, it works well for the most common cases, where the preferred small cells for traffic offloading are often those Most Frequently Visited Cells (MFVC), such as home, office or coffee shops. The awareness of MFVC can be developed according to stored information based on mobility history, or a directory of hotspots provided by higher layer applications. When UE finds itself in the proximity of a known small cell, it would send a proximity indication to network, similarly to what is done currently for CSG cells. The proximity indication can be used as the trigger to start inter-frequency measurement operation. 
With network assisted approach, small cell information, such as its presence and location, can be advertised by macro cell to help UE determine when to perform inter-frequency measurement. For well planned deployment, like the case when CA configuration is supported, network can play an active role in controlling when UE to perform small cell discovery (e.g., through measurement configuration). Both UE based and network assisted approaches can avoid wasteful inter-frequency measurement, and even reduce unnecessary SCell selection or inter-frequency handover to a large extent. Hence it benefits UE significantly by saving power consumption and reducing U-plane interruption caused by inter-frequency measurement. As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform. And UE based and network assisted approaches work efficiently in low mobility scenarios, as there is no enormous signalling overhead for proximity indication or to start inter-frequency measurement. 
Observation: The use of UE based or network assisted small cell proximity alert can address the requirements proposed in [2].

Simulations are performed to evaluate the benefits of UE based small cell proximity alert method. In the following section, we present the simulation results and analyse the outcome and conclude on our findings.
3 Simulation

3.1 Simulation assumptions
Simulations are performed, with and without the UE based small cell proximity alert, to compare the number of inter-frequency handovers and UE power consumption involved in hotspot offloading:

1. Baseline Case: There is no UE based small cell proximity alert, and inter-frequency measurement is activated all the time:
a. When UE is served by macro cell on F1 (at 800Mhz), it continuously performs inter-frequency measurement on F2 (at 2Ghz), on which small cells are deployed.  Once the RSRP of the strongest small cell on F2 exceeds -98 dBm
, the inter-frequency measurement on F2 is halted and the UE is handed over to the strongest small cell on F2；
b. When the UE is connected to the small cell, it does not perform inter-frequency measurement on F1, unless the RSRP of the small cell is below -109 dBm. And when the RSRP of the macro cell on F1 exceeds the RSRP of the small cell on F2 by 3 dB, the UE is handed over to the macro cell.
2. The enhanced scheme: UE based small cell proximity alert is used to control when inter-frequency measurement is performed. 
a. When UE is served by macro cell on F1, the UE performs inter-frequency measurement on F2 only when it is within the proximity of a preferred small cell. Once the RSRP of the small cell on F2 exceeds -98 dBm1, the inter-frequency measurement on F2 is halted and the UE is handed over to the small cell；
b. When the UE is connected to the small cell, it does not perform inter-frequency measurement on F1 unless the RSRP of the small cell is below -109 dBm. And when the RSRP of the macro cell on F1 exceeds the RSRP of the small cell on F2 by 3 dB, the UE is handed over to the macro cell.
Three indoor pico cells are randomly placed in each macro cell. UE moves at the speed of 30km/h, until it connects to a preferred pico cell, where the UE stays for a relatively long period of time. The preferred small cell is randomly designated for a UE, according to a distribution, such that the 3rd passing small cell is designated as the preferred with a probability of 0.2, the 4th passing small cell as the preferred with a probability of 0.3, the 5th passing small cell as the preferred with a probability of 0.3, and the 6th passing small cell as the preferred with a probability of 0.2.
Gap pattern 1 is assumed for the inter-frequency measurement, in which Measurement Gap Repetition Period is 80ms and Measurement Gap Length is 6ms. Similarly to [4], power consumed for measurement is calculated as 6 ms x 0.25 W = 1.5 mW.
3.2 Simulation results
The following two performance metrics are selected to compare the baseline and the enhanced schemes:

· Handover numbers, and
· UE power consumption.
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Figure 1, Handover numbers
Figure 1 compares the number of handovers incurred in these two schemes. The presented data is the mean handover number per UE per second over the simulation time interval. From Figure 1, it can be observed that the UE based small cell proximity alert method can significantly reduce the number of inter-frequency handover to those small cells, which are not desirable for traffic offloading.
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Figure 2, UE power consumption
Figure 2 compares UE power consumption incurred in inter-frequency measurements with these two schemes. The presented data is the mean energy per second consumed in a UE to detect small cells over the simulation time interval. It can be observed from Figure 2 that the UE based small cell proximity alert method can significantly save the power consumed in inter-frequency measurement by focusing on those preferred small cells.
4 Conclusion
This contribution analyses the use of UE based and network assisted proximity indication to meet the requirements for inter-frequency measurement proposed in [2]:

“Requirement 1:
UE power consumption for inter-frequency pico cell measurements in Hetnet deployments should be minimised.

Requirement 2:
U-plane interruption on the Macro serving cells caused by inter-frequency pico cell measurements should be minimised.

Requirement 3:
Mobility performance served by Macro cell carriers should not be degraded by measuring inter-frequency pico cells.

Requirement 4:
The UE should be able to measure a sufficient number of inter-frequencies in Hetnet deployments.

Requirement 5:
Performance requirements for inter-frequency measurements should fulfill low mobility scenarios.”
Observation: The use of UE based or network assisted small cell proximity alert can address the requirements proposed in [2].
Simulations are performed to evaluate the resultant benefits on small cell discovery, and significant reductions are observed on the number of unnecessary handovers and on power consumption at UE for inter-frequency measurements.
Proposal: RAN2 is kindly requested to consider UE based and network assisted small cell proximity alert methods for small cell discovery in HetNet. 
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� SNR exceeds 0dB with the NOC = -98 dBm.
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