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1 Introduction
This contribution analyses the remaining issues identified by the email discussion rapporteur [1], on the use cases and the criteria to study small cell discovery, and investigates existing functionalities and potential enhancements for detecting inter-frequency small cells. Simulations are performed to evaluate the resultant benefits on small cell discovery, according to the agreement of RAN2#77 as “We will evaluate in particular UE power consumption and how much offloading opportunity and QoS benefit is lost e.g. due to not being able to detect the cell timely”.
2 Clarification of the use cases and criteria for Study
We agree the Proposal 1 made in the email discussion [1] as

“Proposal 1:

For inter-frequency small cell detection, the study should focus on the following use case.

UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.”

This reflects a general understanding of potentially deploying small cells and macro cells on different frequency carriers. At the same time, there is no strong use case identified so far to also separate hotspot small cells and cells for coverage extensions on different frequency carriers. In practice, there does not seem to be benefits, in terms of the flexible and efficient use of system resources, to exclude the deployment on a frequency carrier of both hotspot small cells and cells for coverage extensions. Hence, it is worth to clarify that the enhancement on inter-frequency small cell detection should focus on hotspot small cells, which may be deployed on the same frequency carrier as, yet geographically separated from cells for coverage extension. Therefore, the 3 agreeable Criteria proposed by the email discussion rapporteur [1] should also apply to the scenario where both hotspot small cells and cells for coverage extension are deployed on the same frequency carrier.
Proposal 1: Criteria to study the enhancement for inter-frequency detection of hotspot small cells also apply to the scenario where geographically separated hotspot small cells and cells for coverage extension are deployed on the same frequency carrier.
In RAN2#77, it was agreed that the enhancement of inter-frequency detection should be targeted at hotspot small cell, as “For inter-frequency small cell detection evaluation we focus on a scenario where one (macro) frequency layer provides full coverage and where pico cells are provided on a second frequency layer for offloading purposes including means to improve perceived QoS in hot spot locations.” And it is generally agreed that there is no perceived benefit to hand high speed UE to hotspot small cells, given the extra overhead incurred in handling frequent inter-frequency measurement and handover. As network already has control on the start and use of inter-frequency measurement by a UE in connected mode, the existing mechanism allows network to spare high speed UE from unnecessary detection of inter-frequency hotspot small cells. Hence, there is no strong need of further enhancing the detection performance of inter-frequency hotspot small cell for high speed UE.
Proposal 2: It should focus on low speed UE to enhance the detection performance of inter-frequency hotspot small cell. 
3 Potential enhancements to small cell discovery 
Potential solutions have been proposed in previous RAN2 meetings to enhance the detection performance of inter-frequency hotspot small cell. In general, there are two approaches to minimize UE power consumption: 
· one is based on provisioning low duty cycle measurement gap or relaxing RRM performance requirements; and
·  the other one is based on triggering the inter-frequency cell detection and measurement only when a hotspot small cell is nearby.
In the following, we analyse these two approaches based on the three agreeable criteria proposed by the rapporteur in the email discussion:
Criterion 1:
UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.

Criterion 2:
Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.

Criterion 3:
Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
3.1 Relaxed inter-frequency cell detection and measurement
Longer measurement period and relaxed measurement performance requirements were proposed in [2]
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[3], to reduce the power consumption of UE in the detection and measurement of hotspot small. However, we are wondering whether this mechanism is robust enough to fulfil the above 3 criteria in general deployment scenario. For example, it would not help when pico cell for hotspot and cell for coverage extension are deployed on the same frequency carrier but at different geographic locations. When a UE is only configured with the relaxed measurement gap mode and moves nearby a coverage hole of the serving frequency, its radio link connection could be dropped, as sluggish inter-frequency measurement action can degrade inter-frequency mobility performance.

Observation 1: Enhancements only based on longer measurement period or relaxed measurement requirements will degrade inter-frequency mobility performance when small cells for hotspot and cells for coverage extension are deployed on the same frequency carrier but at different geographic locations.
3.2 Hotspot small cell detection triggering
With an effective trigger mechanism, UE performs inter-frequency measurement only when a hotspot small cell becomes reachable. The trigger mechanisms can be categorized as Network based small cell proximity alert methods and UE based small cell proximity indication methods.    thorough
Network based small cell proximity alert methods
Network based solution can be explored to support legacy UEs. Network can find out if UE is close to a pico cell by checking UE’s uplink signal or by analysing UE’s measurement report.
Solution 1: Pico cell listening based proximity alert [4]
In this solution, a pico cell can discover that a Macro UE is nearby if uplink signal from the UE is detected. Pico cell needs to be provided with macro UE’s uplink channel information, such as channel sounding configuration. After the detection, the pico cell can send a proximity indication about the UE to the serving macro. 
Solution 2: Macro cell listening based proximity alert [4]
In this solution, a Macro cell can compare measurement reports of a UE with records of those UE having Macro-Pico handover before. If some pattern similarities emerge, Macro cell can make an intelligent guess that the UE is close to a pico cell. The serving macro cell can then take appropriate actions to trigger UE to perform neighbour cell measurement. 
Methods similar to Solution 1 and 2 are also being discussed to address the issue of UL interference to small cell in RAN3 under the CA_HetNet_ICIC topic.
Solution 3: Sending beacon-like signal on the macro cell layer [5]
In this solution, discovery signals are transmitted at the location of small cells on the frequency of macro cell. These signals can be measured by the UE and reported to the serving macro cell, which in turn can trigger the serving macro cell to configure measurements on the frequency of the small cell. The discovery signals should be designed for easy measurement, and not to cause excessive interference to UEs served by the macro cell. For example, the signal could include only a PSS/SSS/CRS and MIB/SIB1 of a faked cell. Further analysis may be needed on the increase of the cost of the network implementation and the interference to the frequency of the macro cell.
3.3 UE based small cell proximity alert methods [6]
Autonomous cell search and proximity indication, which UE already applies to CSG cell detection and measurement, can be extended to hotspot small cell discovery 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, or signalled by the network [7]. 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. 

This approach can avoid wasteful inter-frequency measurement, and even reduce unnecessary 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 this approach work efficiently in low mobility scenarios, as there is no excessive signalling overhead for proximity indication or to start inter-frequency measurement.  
Observation 2: Trigger based hotspot small cell detection can provide timely offloading opportunity with reduced UE power consumption and impact on macro layer throughput and mobility performance.
4 Simulation Result and Discussion
Simulations are performed to evaluate the benefits of trigger based inter-frequency hotspot small cell detection methods.
4.1 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 [8], power consumed for measurement is calculated as 6 ms x 0.25 W = 1.5 mW.
4.2 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.
Proposal 3: RAN2 is kindly requested to consider UE based small cell proximity alert methods for small cell discovery in HetNet. 
5 Conclusion
This contribution analyzes the remaining issues identified by the email discussion rapporteur [1], on the use cases and the criteria to study small cell discovery. Existing functionalities and potential enhancements are investigated, and further evaluated with simulations to assess the benefits in terms of timely detection of offloading opportunity and reduced UE power consumption.
Proposal 1: Criteria to study the enhancement for inter-frequency detection of hotspot small cells also apply to the scenario where geographically separated hotspot small cells and cells for coverage extension are deployed on the same frequency carrier.
Proposal 2: It should focus on low speed UE to enhance the detection performance of inter-frequency hotspot small cell.
Observation 1: Enhancements only based on longer measurement period or relaxed measurement requirements will degrade inter-frequency mobility performance when small cells for hotspot and cells for coverage extension are deployed on the same frequency carrier but at different geographic locations.
Observation 2: Trigger based hotspot small cell detection can provide timely offloading opportunity with reduced UE power consumption and impact on macro layer throughput and mobility performance.
Proposal 3: RAN2 is kindly requested to consider UE based small cell proximity alert methods for small cell discovery in HetNet. 
6 Reference

[1] R2-121487, “Summary of email discussion [77#31] LTE: Hetnet Mobility: Inter-frequency small cell detection”, NTT DOCOMO.
[2] R2-120523, “Enhancements for Small Cell Detection,” Nokia Siemens Networks, Nokia Corporation.
[3]  R2-120277, “Enhanced cell identification and measurements for CA,” NTT DOCOMO, INC.
[4] R2-115169, “Small Cell Discovery in HetNet”, Huawei
[5] R2-120654, “Inter-frequency Small Cell Identification,” Qualcomm Incorporated.
[6] R2-120095, “Small Cell Discovery in Hetnet,” Huawei, HiSilion.
[7] R2-115769, “Discussion on enhancement of small cell discovery,” ZTE.
[8] R2-116151, “Small cell detection in HetNet environment”, Nokia Siemens Networks, Nokia Corporation.







































































































































































































































































































































� SNR exceeds 0dB with the NOC = -98 dBm.
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