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1 Introduction
In the R11 Study of HetNet mobility enhancements, small cell detection methods have been proposed and evaluated based on the agreed criteria to optimize the data offloading potential [1]. And in RAN2 #81bis, the comparison of different solutions is demanded: “We will study further and should also compare expected performance and power consumption to those offered by alternative solutions.”[2]
This document further compares the proximity based solutions with solutions of other categories. And the quantitative comparison of UE power consumption among legacy inter-frequency measurement, background inter-frequency measurement and proximity based small cell detection is provided. Therefore, considering the impact on specifications, the support of legacy UEs, and the effectiveness of power consumption reduction, we propose to have proximity based solutions as baseline for the enhancement of small cell discovery.
2 Discussion
Solutions listed in the TR 36.839 [1] can be classified mainly into 4 categories: 
· Option 1: Relaxed measurement configuration 
· Option 2: UE MSE based inter-frequency small cell measurements
· Option 3: Small cell signal based control of inter-frequency measurements
· Option 4: Proximity based small cell detection
Table 1 summarises the comparison of these solutions based on the agreed criteria to optimize the data offloading opportunity.

·   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.

· Criterion 4)
Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
Table 1 Comparison on small cell detection solutions
	
	Relaxed measurement configuration
	UE MSE based measurements 
	Small cell signal based control of measurements 
	Proximity based small cell detection

	Criterion 1
	UE power consumption can be reduced as the periodicity of measurement is reduced. However, power is still wasted on measurement when there is no nearby small cell.
	it helps fast moving UEs reduce power consumption.
	it doesn’t reduce unnecessary measurement when there is no nearby small cell.

	No measurement is needed if there is no nearby small cell. 


	Criterion 2
	Transmission interruption on serving cells can be reduced as the periodicity of measurement is reduced. However, measurement is still performed when there is no nearby small cell.
	it helps fast moving UEs reduce interruptions on the serving cell(s).
	 it doesn’t reduce transmission interruption on serving cells when there is no nearby cell.

	There is no interruption on the serving cells if there is no nearby small cell. 

	Criterion 3
	Different measurement configurations are needed for coverage and capacity frequency layers.
	Different measurement configurations are needed for coverage and capacity layers.
	Different measurement configurations based on small cell signal strength.

	As it is possible to perform measurement only at the targeted place (and time), the impact is minimized on the mobility performance.

	Criterion 4
	No impact to legacy UE
	No impact to legacy UE
	No impact to legacy UE
	No impact to legacy UE

	Specs impact
	A new measurement setting and per frequency layer configuration. 

	A new measurement setting and per frequency layer configuration.
	A new measurement setting and per frequency layer configuration.
	Impact is small, please see table 2

	Network impact
	New inter-frequency measurement  mechanism design
	New inter-frequency measurement  mechanism design
	New inter-frequency measurement  mechanism design
	please see table 2

	Legacy UE support
	Not support
	Not support
	Not support
	Yes, please see table 2.


With an effective proximity based mechanism, UE performs inter-frequency measurement only when a hotspot small cell becomes reachable. Power consumption of UE will be minimized due to the inter-frequency measurement only be triggered when a UE is closed to a small cell. The interruption of the serving cell will be minimized as well for the reduction of measurement gap usage.thorough The comparison of UE power consumption among legacy inter-frequency measurement, background inter-frequency measurement and proximity based small cell detection is shown in the figure 2.
Observation 1: Proximity based approach compares favorably against other alternatives, in terms of the impact on specifications, the support of legacy UEs, and the effectiveness of power consumption reduction.
Based on where small cell proximity is estimated, proximity based approach can be further categorized as network based small cell proximity alert methods and UE based small cell proximity indication methods.
2.1 UE based small cell proximity alert method

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.
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Figure 1   Example showing UE based small cell proximity alert method
Figure 1 illustrates the use of UE based proximity alert method. When a 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 by network as a trigger to start inter-frequency measurement operation. The only specification change needed is to extent the application of proximity indication from CSG cells to small cells.  

The method of “proximity detection with broadcast assistance” allows the network to provide UE with location information of general small cells that UE may not remember or even visit before. This broadens the use of UE based small cell proximity indication from only for MFVC to general small cells. 

UE based small cell proximity indication can avoid wasteful inter-frequency measurement, and even reduce unnecessary inter-frequency handover to a large extent. The impact is minimized on the mobility performance and the UP interruption on macro cell carriers. Furthermore, the standard impact is quite trivial. However, it can not be applied to legacy UEs.
Observation 2: UE based small cell proximity indication method can be supported with very small specification impact. However, it doesn’t benefit legacy UE.  
2.2 Network based small cell proximity alert methods
Network based solution can be explored to support legacy UEs. Network can find out if a UE is close to a pico cell by checking UE’s uplink signal or by analysing UE’s measurement report. There are three alternatives,
· Alt 1: Macro cell listening based proximity alert [1]
· Alt 2: Sending beacon-like signal on the macro cell layer [1]
· Alt 3: Pico cell listening based proximity alert [1]
For Alt 1, 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. The main concern with Alt1 is the accuracy issue. With typical macro deployment, it may be difficult to identify UE’s proximity to small cell at a resolution of small cell size. And there may be need of increased amount of measurement reports to facilitate the continuous estimation of UE’s proximity to small cells.  
For Alt2, 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 on the frequency of the macro cell. A main concern with Alt2 is the potential impact of pilot pollution in the macro cell, especially in the centre area of the fake Pico cell. As mentioned during email discussion by some companies, for a UE without a RF to work on the carrier of Pico cell, the area being polluted is a coverage hole and brings unacceptable performance degradation. The network cost also needs to be taken into account.
For Alt3, 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. Compared to Alt1 and Alt2, the standard impact with Alt3 is additional X2 exchange of UE’s configuration information, e.g., that of a UE’s channel sounding signal. Alt3 can provide more precise indication of UE moving into small cell coverage, with some nominal extension of IE field in X2 message. Hence Alt3 has a good balance of performance and standards impact to support legacy UEs.
Observation 3: Pico cell listening based proximity alert solution has a good balance of performance and standards impact to support legacy UEs.

Table 2 summarises both UE based and network based small cell proximity detection mechanisms. It can be observed that approach based on small cell listening provides good support for legacy UEs and UE based proximity indication can be taken as a baseline for further enhancement of small cell discovery.

Table 2 Comparison on small cell proximity detection
	
	UE based proximity detection 
	Network based proximity detection

	
	
	Based on macro cell listening  
	Small cell discovery signal in macro layer  
	Based on pico cell listening

	Criterion 1
	Power consumption of UE will be minimized due to the number of measurements is reduced.  

	Criterion 2
	The interruption of the serving cell will be minimized for the reduction of measurement gap usage. 

	Criterion 3
	The impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.

	Criterion 4
	There is no impact to legacy UE.
	There is no impact to legacy UE.
	· Potential impact of pilot pollution in the macro cell;
· For a UE without a RF to work on the carrier of Pico cell, the area being polluted is a coverage hole 
	There is no impact to legacy UE.

	Specification impact
	to extend the use of proximity from CSG cells to small cells  

	No impact
	No impact
	Additional IE field in X2 messages.

	Network Implementation impact
	No impact 
	· accuracy issue 

· increased amount of measurement reports
	macro to transmit signals of small cell

	small cell to listen macro UE


	Backward compatibility
	Not support
	support
	support
	support


3 Simulation Result and Discussion
Simulations are performed to evaluate the benefits of trigger based inter-frequency hotspot small cell detection methods.
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 (6ms gap every 80ms):

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.
3. The background measurement configuration scheme: The network initially configures the UE with background inter-frequency measurements configuration (6ms gap every 1s) for measurement on the carrier frequency used for deployment of small cells. 
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 -125 dBm1, the background inter-frequency measurement on F2 is halted and the regular inter-frequency measurement (6ms gap every 80ms) is trigger. When the the RSRP of the small cell on F2 exceeds -98 dBm1, 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. The power consumed for measurement is calculated as 6 ms x 0.25 W = 1.5 mW.  
3.2 Simulation results
The following performance metric is selected to compare the baseline and the enhanced schemes:

· UE power consumption.
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Figure 2, UE power consumption
Figure 2 compares UE power consumption incurred in inter-frequency measurements with these three 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:
Method based on small cell listening is preferred to support legacy UEs. UE based proximity indication can be taken as a baseline for further enhancement of small cell discovery. 
4 Conclusions
Observation 1: Proximity based approach compares favorably against other alternatives, in terms of the impact on specifications, the support of legacy UEs, and the effectiveness of power consumption reduction.
Observation 2: UE based small cell proximity indication method can be supported with very small specification impact. However, it doesn’t benefit legacy UE.
Observation 3: Pico cell listening based proximity alert solution has a good balance of performance and standards impact to support legacy UEs.
Proposal:
Method based on small cell listening is preferred to support legacy UEs. UE based proximity indication can be taken as a baseline for further enhancement of small cell discovery.
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� SNR exceeds 0dB with the NOC = -98 dBm.
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