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1 Introduction

After RAN#51 plenary meeting, further investigations have been conducted in RAN2 under the new study item “HetNet Mobility Improvements for LTE” [1]. One of the major objectives of this SI is: Identify and evaluate strategies for improved small cell discovery/identification. At RAN2#74 meeting, several companies discussed the small cell discovery/identification issue in the HetNets [2][3][4]. 
In this contribution, the motivations of efficient pico cell discovery in Hetnets and the limitations of existing CSG cell discovery method are explained. The effective methods for pico cell discovery are investigated.  Several possible network-assisted pico cell discovery solutions are introduced.  
2 Discussion
2.1 Issues with Discovery of Pico Cells
In Hetnets, tens of thousands of public pico cells could be deployed with the overlaid macro cells. The pico cells could share the same carrier with the macro cell or use the different carriers. UE power consumption will be a big concern if the UEs have to exhaustively searching for the pico cells especially when the pico cells using the carrier frequency different from that of the macro cells. Therefore, it is desired to develop much more efficient method for UE to discover the pico cells in Hetnets.

The existing CSG cell discovery scheme includes the autonomous search function (ASF) and proximity indication mechanism with the primary goal of reducing UE power consumption. ASF depends on UE implementation to decide when and where to search the CSG cells in the UE’s white list. A UE will store a white list of its associated CSGs. The radio and location information associated with the CSGs in the white list are also stored in the UE. Together with other UE dynamically measured/obtained information, the pre-stored information can be used by the UE to determine whether it is nearby a CSG in its white list then triggering the ASF or sending proximity. 
The existing CSG cell discovery methods are based on the fact that a UE is only associated with limited number of CSG cells. Therefore, the UE is able to memorize the information of all its associated CSG cells such as location information and radio fingerprints. For public pico cells however, it is not possible for a UE to store the information of all the pico cells since there will be a large number of public pico cells. Therefore, we can not simply reuse the existing CSG cell discovery methods for discovery of the public pico cells. For Hetnets currently there is no other discovery treatment for pico cells specified in standards. As a result, with existing mechanism public pico cell discovery has to be simply the exhaustive search. 
On the other hand, pico cells are normally deployed only at the hot spots. Not all the macro cells overlaid with the pico cells. Even there are pico cells in a macro cell, most of the macro cell coverage area may not be also covered by pico cells. It is not necessary for UEs to search the pico cells when it is in a macro cell without any pico cell, or in a pico overlaid macro cell but far away from the pico cells. It is possible to find more efficient method for pico cell discovery other than the exhaustive search to minimize the UE power consumption.
Observation 1: it is desired to minimize the pico cell searching activities for UE power saving especially when the macro/pico cells are on the different frequency carriers.

Observation 2: the existing CSG cell discovery method can not be simply used for pico cell discovery.

Observation 3: pico cells are not uniformly distributed. Exhaustive searching of pico cells is not necessary and wastes UE power. 

2.2 Capability of existing mechanism and possible enhancement 
2.2.1 UEs in the RRC_IDLE mode 
If pico cells and macro cells share the same carrier frequency, normal periodic search can be conducted by the UE. The normal search cycle (non-serving cell detection period) can be as long as 58.88 s [5].   Macro cells with embedded pico cells can use shorter Paging DRX, Sintra-searchQ and speed dependent scaling to help with (faster) pico cell discovery.  It should be evaluated whether further enhancements are necessary for a shorter searching period for the co-channel pico cells especially for the UEs with medium or high speed. If much shorter search period should be used for the UEs to discover the pico cells, additional signaling support (for example, a macro cell could broadcast an indication if it is overlaid with pico cells) will be needed. . 
If pico cells and macro cells use different carrier frequency, the existing priority based reselection could be used to guide the UEs searching and measuring the carrier frequency of the pico cells.  Similar to intra-freq case, Paging DRX and speed dependent scaling can be applied here as well.  Snonintra,search can be used to reduce UE power consumption in certain cases such as when the macro cells are co-located and pico cells are located in the periphery of the macro cells.  However, this has some limitations. For example, to avoid overloading the macro cell of pico frequency layer and to save UE power, you may want the UE to prioritise and search on the pico frequency only when the UE is in the proximity of a pico cell.  
Proposal 1. RAN2 is kindly suggested to evaluate the need of possible enhancement for pico cell discovery when the UE is in RRC_IDLE mode.

2.2.2 UEs in the RRC_CONNECTED mode
When a UE is in RRC_CONNECTED mode, the existing measurement request mechanism could be used by the network to request when to search the pico cell. The knowledge of the UE location at the eNB is rough. As with Idle mode, S_measure and (connected mode) DRX could be used to balance measurements and power with faster pico discovery in certain scenarios.  
Unnecessary measurements and measurement reporting can be avoided (especially for inter-frequency case) if the network could request the UE to search the pico cell only when the UE is nearby (in the alert zone of ) the pico cell. 
Proposal 2. RAN2 is kindly suggested to evaluate the need of possible enhancements for pico cell discovery when the UE is in RRC_CONNECTED mode.
2.2.3 The pico cell proximity determined at UEs
For both Idle and connected mode, it would be useful if the UE is aware that it is in proximity of a pico cell.  UE based methods to identify “proximity” to pico cells could also be considered to reduce the overhead of signalling, a yellow list of most frequently visited cells with associated radio information could be maintained to support an autonomous search of those pico cells. 

An alternative approach is to make use of broadcast pico cell presence or location information to support the UE’s autonomous pico cell search whenever the UE enters the “pico cell alert zone”. This method is dependent on the UE’s capability to know its location.

3 Conclusion

This contribution investigated the problem of small cell discovery which is an important issue of the new SI of HetNet mobility improvements for LTE. In this contribution, several pico cell discovery scenarios are discussed. In order to discover pico cells more efficiently and effectively with low UE power consumption and low signalling overhead, we discussed the capability of pico cell discovery of the existing mechanism. Some enhancement examples are also discussed.
Proposal 1. RAN2 is kindly suggested to evaluate the need of possible enhancements and the options of the solutions for pico cell discovery when the UE is in RRC_IDLE mode.

Proposal 2. RAN2 is kindly suggested to evaluate the need of possible enhancements and the options of the solutions for pico cell discovery when the UE is in RRC_CONNECTED mode..
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