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Discussion on hybrid split
1 Introduction
In RAN2 specification, the concept of the hybrid cell has been defined. It is described that Hybrid Cells have a CSG Indication bit set to FALSE but broadcast a CSG Identity and the PCI values for hybrid cells are not contained within the reserved PCI range for CSG cells. 
Since GERAN #43, the description of supporting hybrid cell has been added in TS45.008-R9. it is described that “A cell for which the CSG Indicator in its system information is set to FALSE but broadcasts a CSG ID is considered by the MS as a CSG cell if its CSG ID matches any of the CSG IDs included in the MS’s “CSG Whitelist”, otherwise it is considered as a non-CSG cell towards which normal cell reselection applies”. This paper mainly discusses why and how the network transmits the information about hybrid cells.
2 Problem
In current specification, in order to enable the mobile station to distinguish the macro cells and CSG cells before reading system information, the network sends CSG split information to mobile station via broadcast message or dedicated message. When the mobile station has no or empty CSG Whitelist, the mobile station shall ignore for measurement and cell reselection to cells on a UTRAN/E-UTRAN frequency with PSC/PCI in the stored range “CSG PSC/PCI Split Information” for that frequency. For the mobile station for which the CSG Whitelist is not empty, the mobile station will measure and reselect to the CSG cells when it enters into its fingerprint.
Currently the network only send CSG split information to mobile station explicitly, but no hybrid split information, so the mobile station can not identify hybrid cell before reading system information. In current, the network may send hybrid cells information in three methods implicitly.
1. the network sends hybrid cells information the same as macro cells

This method is the same as the one of RAN2, i.e. PSC/PCI values for hybrid cells are not contained within the reserved PSC/PCI range for CSG cells. Normally when the mobile station enters into the fingerprint, the mobile station will search all CSG cells in the stored CSG split and CSG dedicated frequencies in order to reselect to the CSG cell which it subscribes. Because the hybrid cells are not in the scope of the CSG splits, then the mobile station can’t find the hybrid cells during searching the CSG cells in the CSG split. Moreover, as a macro cell, although the mobile station may find the hybrid cell for which the mobile station subscribes has strongest signal strength and signal quality, if the frequency on which the hybrid cell is has lower priority, the hybrid cell may be not considered target cell. In this case, although the mobile station has subscribed a closed group cell, it can’t share the CSG service.
In order to enable the mobile station can reselect to the hybrid cell for which the mobile station has subscribed, if it is specified that when the mobile station should read not only the system information of the CSG cells, but also the macro cells when it enters into the fingerprint, the mobile station will need spend a lot of time on reading unnecessary system information of the macro cells, it will result in serious impact on the ongoing service.
2. the network sends hybrid cells information as part of CSG split
In this case, the physical parameters of the hybrid cells are in the scope of the CSG split. The mobile station treats with all hybrid cells as CSG cells before acquiring the system information of the hybrid cells, so the mobile station will only measure and reselect to the hybrid cells when entering into the fingerprint. Outside the fingerprint area, the mobile station will can’t measure and reselect to the hybrid cells. But it is defined in the specification that the mobile station will measure and reselect to the hybrid cells as the macro cells, i.e. the mobile station should not be limited to measure and reselect to the hybrid cells only in the fingerprint. So the network can’t send hybrid cells information as part of CSG split. 
3. the network sends hybrid cells information as macro cells, simultaneously as part of CSG split
Normally, for Rel-8 and Rel-9 mobile station, the cells contained in CSG split will not be measured and reselected outside fingerprint, because the hybrid cells are contained in CSG split, the mobile station will not measure and reselect to the hybrid cells outside fingerprint. If it is specified that the Rel-9 mobile station may measure and reselect to all cells contained in NCL irrespective CSG split, the mobile station will waste a lot of time on measuring the CSG cells to which not allowed to access.
3 Solution

To make the mobile station can distinguish the CSG cells and hybrid cells before acquiring the system information, and the mobile station can treat with the hybrid cells as macro cells, this paper proposes two solutions for sending hybrid cells information. The below two solutions can solve all problems displayed above.
Solution1: The network sends hybrid split to mobile station same as CSG split, the hybrid split is independent of the CSG split.
For UTRAN hybrid cells, similar CSG cells, the hybrid cells information are also contained in NCL. Based on current specification, for all release mobile stations, they can measure and reselect to the hybrid cells at any time and any where. Because some hybrid cells are the cells for which the mobile station has subscribed, when the mobile station enters into the fingerprint area, the mobile station need search all the cells in the CSG split and hybrid split. But for Rel-8 mobile station, because it can’t identify the hybrid split, the mobile station may not reselect to the hybrid cells for which it has subscribed when it enters into the fingerprint. 
Advantage: for all mobile stations, it can measure and reselect to the hybrid cells at any time and any where.

Disadvantage: for Rel-8 mobile, it may not measure and reselect to the hybrid cell for which it has subscribed when it enters into the fingerprint. 
Solution2: The network sends hybrid split to mobile station same as CSG split, the hybrid split is the part of the CSG split, the network indicate the physical parameter of the hybrid cells explicitly.
For UTRAN hybrid cells, similar CSG cells, the hybrid cells information are also contained in NCL. Because Rel-8 and Rel-9 mobile station will not measure and reselect to the cells contained in CSG split out side fingerprint, and for Rel-8 mobile station, it can’t identify hybrid split, so the hybrid cells can’t be measured and reselected outside fingerprint. For Rel-9 mobile station, it could be required to measure and reselect to the cells contained in hybrid split outside fingerprint. When the mobile station enters into the fingerprint area, the mobile station will search the whole CSG split which contains hybrid split.

Advantage: for all mobile stations, it can measure and reselect to the hybrid cell for which it has subscribed when it enters into the fingerprint.

Disadvantage: for Rel-8 mobile station, it can not measure and reselect to the hybrid cells outside the fingerprint.
4 Conclusion
Two solutions for sending hybrid cells information are proposed:
Solution1: the network sends hybrid split to mobile, the hybrid split is independent of the CSG split;

Solution2: the network sends hybrid split to mobile, the hybrid split is the part of the CSG split, the network indicate the physical parameter of the hybrid cells explicitly.
Based on above analysis, the solution2 is preferable.
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