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1 Introduction
One of the prominent benefits introduced by Het-Net deployment is to increase system capacity by offloading traffic to small cells. Effective small cell discovery is hence very important for overall HetNet performance. This contribution first analyses issues arising in HetNet deployment for small cell discovery. Solutions proposed so far [4-7] are then discussed based on the categories of UE based, network assisted UE based, and network based. It is proposed to agree on small cell discovery scenarios for studies and to evaluate the proposed solutions against the unique challenges in HetNet environment.
2 Issues of Small Cell Discovery in HetNet
2.1 Inter-Frequency Cell Discovery
Connected Mode
One primary scenario of interest is where UE is in coverage of cells on different carrier frequencies, and a small cell on neighbour frequency can offer the best user experience in its present location [1]. More generally, a pico cell is deployed in hotspot area on a neighbour frequency, where signal on the serving frequency is still sufficient. That means, an inter-frequency measurement may not be triggered by radio conditions, and small cell discovery may not be performed.
One possible solution is to configure UE to make inter-frequency measurement at all the time. As hotspot areas are scattered non-uniformly across the network, UE would not detect and measure any small cell in most times, and this brings up significant battery consumption in UE.
Observation 1: Though current inter-frequency measurement could be reused, UE battery consumption may be an issue, and some optimization is needed to trigger the detection and measurement of small cells.
Idle Mode

For Inter-frequency scenario, pico layer could be configured with a high priority, which would trigger UE to perform cell-reselection based on priority and camp on pico cell when UE moves into pico coverage. But UE may try to search an inter-frequency pico cell, even when it is out of hotspot areas. This may also waste UE battery life.

Observation 2: Though frequency priority could be used for inter-frequency cell-reselection, UE battery consumption may be an issue, and some optimization is needed to trigger the detection and measurement of small cells.
2.2 Intra-Frequency Cell Discovery
Connected Mode

In R10, UE performs measurement towards neighbor cells only when the PCell’s RSRP is lower than a s-Measure, which is configured by RRC signaling. When a pico cell is deployed inside a macro cell, the macro cell RSRP may be still better than s-Measure, while macro cell RSRQ may be very bad due to the interference from the pico cell [4]. This may lead to a call drop. One possible solution is to disable s-Measure configuration, but this may bring up more battery consumption in UE.
Observation 3: for Intra-frequency handover, though s-Measure can be disabled to facilitate small cell discovery in intra-frequency measurement, there may be negative impact on UE battery consumption, and some optimization is needed to trigger the detection and measurement of small cells.
Idle Mode

Current cell-(re)selection is based on the criterion S and/or the criterion R, which has taken RSRQ into account. When RSRQ is below a threshold, cell reselection procedure will be trigged. Therefore, cell-reselection procedure could be reused for intra-frequency cell discovery.
Observation 4: for Intra-frequency cell-reselection, current cell-reselection procedure could be reused for intra-frequency cell discovery, and optimization is not needed.
Cell Identification Delay
Measurement event may be delayed due to prolonged cell identification procedure [2]. For intra-frequency, the delay of measurement event would have less impact on low speed UE than on high speed UE. For high speed UE, pico cells signal may change dramatically after a short period of time, which can lead to higher handover failure. 
When no DRX is in use, UE should be able to identify a new detectable intra-frequency cell within 800 ms [3]. Figure 1 shows the simulation results on CDF of the time interval from the point of cell identification initiation to the point of A3 event being triggered. The moment, at which a cell becomes detectable as defined in [3], is deemed as the point of time that cell identification is started. A3 event is considered to be triggered when its entering condition is met. The left figure gives the overall picture; and the right figure zooms in the area of interest, where the time interval is around 800 ms. If the time interval is larger than 800 ms, there should not be delays in A3 event caused by cell identification procedure. The simulation is performed based on the assumptions in TR 36.839, using the parameter configuration set 2. 300 meters is used as the diameter of the hotspot circle, in order to make sure that UE starts out of the coverage of the pico cell, and that the complete cell identification procedure is performed. 
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Figure 1, CDF of Time interval (unit: ms) from cell identification starting point to A3 event trigger point

It can be observed, from the above simulation results, that for the speed of 60km/h, about 1% of A3 events are delayed due to cell identification procedure in Macro-to-Pico handover. The impact of cell identification time decreases as UE speed is reduced. Please note that a fixed conservative value of 800 ms is used to gauge the impact of cell identification time. When UE moves towards a pico cell, the signal strength of the pico cell will increase very rapidly, which should speed up the cell identification procedure. This means that the real time taken for cell identification would probably be smaller than 800 ms, and that even fewer A3 events are actually delayed. 
Proposal 1: RAN4 should be consulted on concerns with regards to the impact of cell identification time on measurements for intra-frequency handover.
2.3 Summary of small cell discovery issues
Table 1 summarizes the discussions in Sections 2.1 and 2.2, on different aspects of small cell discovery issue. 

Table 1, Summary of small cell discovery issues

	
	Active Mode
	Idle Mode

	Inter-frequency cell discovery
	Enhancement is needed
	Enhancement is needed

	Intra-frequency Cell discovery
	Enhancement is needed
	Enhancement is not needed

	Intra-frequency Cell identification delay
	FFS
	FFS


Proposal 2: RAN2 is kindly requested to agree on the scenarios needing further studies for small cell discovery. 
3 Solutions and Evaluation
3.1 Potential enhancement to small cell discovery 
Potential enhancements [4-7] for cell discovery can be categorized as UE based solutions, network based solutions, and Network assisted UE based solutions. 
UE based solutions
Solution 1: RSRQ based s-Measure enhancement
In this solution, s-Measure is extended to include thresholds related to serving cell’s RSRP and/or RSRQ measurements. When UE’s serving cell measurements are below configured s-Measure thresholds, neighbor cell measurement will be triggered. This solution provides network with both RSRP based and RSRQ based controls on when UE should start neighbor cell measurement (including cell detection). 
It can be used to balance the need of timely cell discovery and UE battery saving, especially for intra-frequency scenario. However, it would not benefit legacy UEs.
Solution 2: Autonomous cell search based on stored information
In this solution, UE performs autonomous cell search when it is close to a hotspot with stored information. The stored information can be Most Frequently Visited Cells (MFVC) based on mobility history, or a directory of hotspots provided by higher layer applications. UE can also trigger a proximity indication to network, which is similar to what is currently available for CSG cells. The proximity indication can be used for network to accommodate UE’s measurement need, e.g., to allocate measurement gaps for cells on neighbor frequencies. 
This solution can be applied for inter/intra-frequency measurement. However, it would not benefit legacy UEs.
Network assisted UE based solution

Solution 3: pico cell alert zone based proximity indication
In this solution, information about pico cells, e.g., their presence or even locations, can be advertised by macro cell to assist UE’s autonomous cell search. If UE finds out that it is close to a pico cell, a proximity indication can be sent to the network. The network can then make arrangement to accommodate UE’s measurement need, e.g., to allocate measurement gaps for cells on neighbor frequencies.
This solution can be applied for inter/intra-frequency measurement. However, it would not benefit legacy UEs.
Network based solution

Network based solution can be explored to also 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 4: Pico cell listening based proximity indication
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 signature information. After the detection, the pico cell can send a proximity indication about the UE to the serving macro. 
This solution can be applied to both inter-frequency and intra-frequency scenario. And legacy UE can also be supported.

Solution 5: Macro cell listening based proximity indication

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.  
This solution can be applied to both inter-frequency and intra-frequency scenarios. It is mostly a network implementation and legacy UE can be supported.
3.2 Evaluation of Solutions
Potential enhancements to cell discovery should be carefully evaluated in the SI from the following aspects:
· Standard impact;
· Implementation complexity; and
· Backward compatibility, i.e., handling of legacy UE (based on operator requirement).
Proposal 3: RAN2 is kindly requested to capture in TR 36.839 the solutions of the UE based, network assisted UE based, and network based, for further studies of enhancements on small cell discovery.
4 Conclusion
This contribution analyses issues arising in HetNet deployment for small cell discovery. Solutions proposed so far [4-7] are then discussed based on the categories of UE based, network assisted UE based, and network based. It is proposed to agree on small cell discovery scenarios for studies and evaluate the proposed solutions against the unique challenges in HetNet environment.
Proposal 1: RAN4 should be consulted on concerns with regards to the impact of cell identification time on measurements for intra-frequency handover.
Proposal 2: RAN2 is kindly requested to agree on the scenarios needing further studies for small cell discovery.
Proposal 3: RAN2 is kindly requested to capture in TR 36.839 the solutions of the UE based, network assisted UE based, and network based, for further studies of enhancements on small cell discovery.
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