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1 Introduction

In this paper, network-assisted CSG-cell searching is discussed for supporting inbound mobility in active mode, which is called “searching notification procedure” to inform UE of CSG-cell searching related information in order to reduce searching computational complexity as well as battery consumption due to cell searching load, especially when HeNBs are using different frequency range from overlay macro cell.

2 Discussion of CSG-cell searching for inbound mobility
In a situation where CSG-cell is allocated different frequency band to overlapping macro cell, UE may need to excessively search suitable CSG-cells because information of neighboring CSG-cells may not be available if it belongs to different frequency range. As a result, UE may waste power and causes potential packet loss due to excessive search. [2]( Fig.1)
2.1 Situations of inbound mobility in active mode?

In current 3GPP view on inbound mobility, it is hard to assume that UE will always receive information of neighboring CSG-cells from serving marcro cell if the frequency range is different.[1] The only viable solution will be for UE to perform a periodic autonomous search for discovering available CSG cells, which will result in computational complexity as well as battery consumption due to cell searching overload. 
We may assume that there are two different frequency ranges dedicated to each of overlay macro cells and CSG-cells. In this assumption, CSG-cells may use the frequency band to be suitable to nomadic radio environments, and probably just a few number of CSG cells could be available for the specific UE to access in a nation-wide. In that case, if UE can recognize there is no accessible CSG-cells in the serving macro-cell area, the “auto cell searching” for neighbor CSG-cells will not be needed. Therefore in such as case inbound mobility procedure including auto cell searching for neighbor CSG-cells may be skipped.
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Figure 1 Conceptual procedure of CSG-cell mobility in active mode
In such a situation, who and when will search neighbour CSG–cells using different frequency range from overlay cells?
2.2 Who will trigger CSG-cell searching for supporting inbound mobility?
One of possible solution is the core network domain! Because, there are two points;
a) firstly, HeNB has no connection to macro eNodeB directly. However, from geographical aspect a core network can maintain the cell configuration information including CSG cell-to-macro cell mapping in real-time base.
b) secondly, core network can monitor the operating situations of HeNB such as power-on/down, and can control CSG-cell searching mechanism considering when UE enters or leaves the overlay macro cell. It could be actually hard for eNodeB or HeNB to do that from current architecture view.

Issue 1: The core network domain may be an appropriate position for triggering neighbour CSG-cell searching in overlay macro-cell in active mode.

2.3 When will start CSG-cell searching for supporting inbound mobility?
The second issue is the determination of when UE will start to search neighbouring CSG-cells. There are several alternatives according to call-type; “on completion of default bearer connection in case of originating call, and “during handover preparation” or “on updating location just after handover completion in case of handover.  

After staring cell searching, it will be continued to perform it periodically until detecting a target CSG-cell.  
Issue 2: The time UE will start cell searching for discovering the neighbour CSG-cells could be according to call-type; “on completion of default bearer connection in case of originating call, and “during handover preparation” or “on updating location just after handover completion in case of handover.”.
2.4 Conceptual procedure of CSG-cell searching for supporting inbound mobility in active mode
A conceptual procedure for searching neihgbor CSG-cells on different frequency band is shown in Fig.2, which is the case of just after completion of handover (target cell to one of neighbour CSG-cell, inbound mobility)
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Figure 2 An example of procedure for triggering target CSG-cell searching
The basic operation will be processed as following;
a. Initially, the UE is connected to the source (macro) cell.

b. After performing normal handover (source cell to target cell), the target (macro) cell send Location Update information to core network. 

c. On receiving the Location Update info core network detects if therer are CSG-cells subordinated by target (macro) cell for serving UE. Here, it is assumed the target (macro) cell may have its subordinated CSG-cells maintained dynamically by specific function, e.g. ANR/SON server. CN will send Notification Info. to UE including a set of flag of CSG-cell indicator, carrier frequency, PCIs.
d/e. After receiving Notification Info to include information to be necessary for CSG-cell searching will be sent to the UE via target cell, UE will perform the following procedure according to flag of CSG-cell indicator; 

· (1) if there are accessible CSG-cells for the UE, UE will start searching the neighbour CSG-cells and sends the measurement results (MRM) of CSG-cell to target cell. 

· (2) Otherwise, UE will do nothing regarding CSG-cell searching. (similar to normal mobility for macro-cell)
f. If the measurement results meet the given threshold of inbound mobility, UE may stop the periodic cell searching processing and perform inbound mobility towards the detected target CSG-cell.
3 Conclusion
This document reviewed cell searching issues for supporting inbound mobility using different frequency band in active mode and discussed the following two issues.
Issue 1: The core network domain may be an appropriate position for triggering neighbour CSG-cell searching in overlay macro-cell in active mode.

Issue 2: The time UE will start cell searching for discovering the neighbour CSG-cells could be according to call-type; “on completion of default bearer connection in case of originating call, and “during handover preparation” or “on updating location just after handover completion in case of handover.”.
If any decision will be made, we would try to assist further discussion, especially regarding some requirements for supporting inbound mobility from RAN3 aspect.
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