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1 Introduction
In HetNet WID [1], the need for efficient small cell discovery is stated as follows:

… Efficient small cell discovery is important to ensure efficient offload from macro to small cells, and is therefore recommended to be studied in more details – especially for case where cells are on different carriers. 
In this document, we discuss the possible enhancements for small cell discovery.

2 Discussion
2.1 Intra-freq and inter-freq measurement time

Before discussing the possible enhancements for small cell discovery, we check the measurement requirements based on TS36.133 [2].

Intra-freq case 
The time to identify a new detectable FDD intra-frequency cell is given by


[image: image1.wmf]ms

Intra

Intra

 

t_Period,

Measuremen

intra

 

FDD,

_

UTRA

-

tify_E

basic_iden

intra

 

identify

T

T

T

T

×

=

,
where Tbasic_identify_E-UTRA_FDD, intra is 800 ms, TMeasurement_Period,Intra = 200 ms, and TIntra is the minimum time that is available for intra frequency measurements, during the measurement period with an arbitrarily chosen timing. 
If TIntra is 200ms, measurement time is 800ms.

Inter-freq case
The time to identify a FDD inter-frequency cell is given by
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where Tbasic_identify_inter = 480ms, Tinter1 is the minimum available time for inter-frequency and inter-RAT measurements during 480ms period, and Nfreq is the number of frequency band. 
If 2 frequency bands are to be measured with 40ms gap pattern, the required measurement time is 7.68 second. Given the limited cell coverage of small cell, the long measurement time may result in many handover failures. Therefore, we think method for small cell discovery is very important in HetNet environment.

Observation 1: The detection of a inter-freq cell takes much longer time than that of intra-freq cell.

Based on Observation1, we think method of small cell discovery for inter-frequency pico is needed due to long measurement time and battery power concern.
Proposal 1: Method of small cell discovery for inter-frequency pico is needed for HetNet mobility.

2.2 Possible enhancements on small cell discovery
In this section, we discuss some possible enhancements for small cell discovery.

Proximity indication-based approach [3][4]
The concept of proximity indication was introduced in Rel-9 for CSG. The basic idea is that UE can perform some kind of autonomous search function to detect that it is in the vicinity of CSG and reports the proximity indication to eNB. eNB then sets corresponding measurement configurations to UE. One thing that pico cells and CSG cells share in common is small cell coverage. Therefore, we think it is intuitive to apply the same principle to pico cells in HetNet deployment. UE only starts to measure pico cells after proximity indication is sent. An example is given in Fig 1.

To enable CSG mobility, there is PCI split for CSG so that UE can know which cells are CSGs. We think that the PCI split for Pico could also be applied here for the UE to search for pico cells. 
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Fig. 1: example of proximity indication-based small cell discovery

Directed search-based approach

Another possible approach is directed search; that is, UE discovers small cells with some location information. The location information can be provided using different alternatives. 

· Measurement configuration with the location information for the pico cells: If UE is GNSS-capable,  measurements are initiated when it is in the vicinity of the small cells.

· LCS-based measurement configuration: In this method, UE reports it location information. eNB then sets an appropriate measurement configuration. 
We think both approaches are possible solutions for small cell discovery. The proximity indication-based approach relies on UE implementations to detect the proximity, and the directed search-based approach relies on the availability of location information. In general, directed search-based approach can be viewed as a special case of proximity indication-based one. The proximity is discovered by UE location information. Since proximity concept is introduced in Rel-9 specifications and not all the UEs have the GNSS capability, we think proximity indication-based approach is preferable .
3 Conclusion
In this document, we discuss the small cell discovery for HetNet mobility. According to the measurement requirements, inter-freq small cell discovery may take longer time. Therefore, we think some enhancements are needed. We further discuss some possible enhancements. It is suggested RAN2 to discuss the possible solutions.
Proposal 1: Method of small cell discovery for inter-frequency pico is needed for HetNet mobility.
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