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Discussion on hybrid split
1 Introduction
In last GERAN #45bis, why the network should explicitly transmit the information about hybrid cells to mobile station has been discussed [1]. This paper further discusses it based on the impact on various release mobile stations.
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. The purpose of provision of the CSG split is not only to exclude measuring and reselecting to the CSG cells in dedicated/packet transfer mode for the mobile station which has no or empty CSG Whitelist, but also to provide the scope of measuring and reselecting to the CSG cells for the mobile station which has non-empty CSG Whitelist. 
· For Rel-8 and Rel-9 mobile stations which have no or empty CSG Whitelist, they shall ignore the measurement and cell reselection for the cells with PSC/PCI in the stored range “CSG PSC/PCI Split Information” for that frequency. 
· For Rel-8 and Rel-9 mobile stations which have non-empty CSG Whitelist, the mobile station will measure and reselect to the CSG cells when it enters into its fingerprint. 
· For pre Rel-9 mobile station, it can not identify hybrid cells.
Currently the network only explicitly sends CSG split information to mobile station, but no hybrid split information, so the mobile station can not identify hybrid cell before reading system information. When deploying hybrid cells, the network may send hybrid cells information in following three possible methods implicitly. Some problems in these three methods are discussed below.
1. sending hybrid cells information only 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, but only contained in the NCL for macro cells. 
· For all release mobile stations, they can measure and reselect to the hybrid cells as macro cells at any time and any place, but they can not handover to the hybrid cells unless there is no PSC/PCI confusion. In another word, the MS can only reselect to a hybrid cell if PSC/PCI confusion exists.
· For Rel-8 and Rel-9 mobile station subscribed to a hybrid cell, because the PSC/PCI values for hybrid cells are not in the scope of the CSG splits, they may not measure and reselect to the hybrid cells by using autonomous search for CSG cells. In the fingerprint, although the subscribed hybrid cell has strongest signal strength, the mobile station may not be able to camp on the subscribed hybrid cell. Because the mobile station considers hybrids cell as macro cells, it will perform cell reselection based on the normal cell reselection rules, , the hybrid cell may not be reselected to due to the lower frequency priority or the lower ranking. In this case, although the mobile station is subscribed to a hybrid cell, it can not enjoy as satisfying service as subscribed to a CSG cell. 
· Because Rel-8 is frozen, it is not proper to change the behavior of Rel-8 mobile station which is subscribed to a hybrid cell. So the risk may exist that the mobile fails to reselect to its subscribed hybrid cell in fingerprint because following normal macro cell reselection rules.

· In order to enable the Rel-9 mobile station to reselect to the subscribed hybrid cell in the fingerprint, it may be specified that the Rel-9 mobile station subscribed to a hybrid cell should read not only the SI of the CSG cells, but also the SI of the macro cells when it enters the fingerprint, the mobile station will need spend a lot of time on unnecessary SI reading of the macro cells, which will result in serious impact on the ongoing service.
2. sending hybrid cells information only as CSG cells
In this method, PSC/PCI values for hybrid cells are only contained within the reserved PSC/PCI range for CSG cells. The Rel-8 and Rel-9 mobile station treat all hybrid cells as CSG cells before acquiring the SI of the hybrid cells.
· For Pre- Rel-8 mobile station, because the mobile station only measure the cells included in NCL, it will never measure and reselect to the hybrid cells. This method can not support Pre-Rel-8 mobiles enter a hybrid cell; 
· For Rel-8 and Rel-9 mobile station with no or empty CSG Whitelist, it will only measure the cells which are contained in the NCL but not contained in the CSG split. Because hybrid cells are contained in CSG split, it will never measure and reselect/handover to the hybrid cells as macro cells; 
· For Rel-8 mobile station with non-empty CSG Whitelist, outside the fingerprint, it can not measure and reselect to the hybrid cells as macro cells since it ignores the measurement for cells within the CSG split. Inside the fingerprint, the Rel-8 mobile station subscribed to a hybrid cell, it will not measure and reselect to the hybrid cells as CSG cells. Because the CSG indicator in the hybrid cell SI is set to FALSE, it will not consider the hybrid cell as a CSG cell and abandon the CSG related operation. 
· For Rel-9 mobile station which has non-empty CSG Whitelist, it may measure and reselect/handover to the subscribed hybrid cells when entering the fingerprint. Outside the fingerprint the mobile stationcan not measure and reselect/handover to the hybrid cells as macro cells. 
3. sending hybrid cells information as macro cells, simultaneously as CSG cells
In this method, PSC/PCI values for hybrid cells are not only contained within the reserved PSC/PCI range for CSG cells, but also are contained within the macro NCL simultaneously. 
· For Pre-Rel-8 mobile station, it can measure and reselect to the hybrid cells as macro cells at any time and any place, but it can not handover to the hybrid cells unless there are no PSC confusion;
· For Rel-8 and Rel-9 mobile station which has no or empty CSG Whitelist, it will only measure the cells which are included in the NCL but not in the CSG split, so it will never measure and reselect/handover to the hybrid cells at any time and any place; 
· For Rel-8 mobile station which has non-empty CSG Whitelist, it can not measure and reselect to the subscribed hybrid cells as CSG cells in the fingerprint and also ignores the measurement for hybrid cellsoutside of the fingerprint. 
· For Rel-9 mobile station with non-empty CSG Whitelist, it will only measure and reselect to the hybrid cells as CSG cells when entering into the fingerprint. Outside the fingerprint the mobile station can not measure and reselect to the hybrid cells as macro cells.
3 Solution

To make the mobile station distinguish the CSG cells and hybrid cells before acquiring the system information, and treat the hybrid cells as macro cells, this paper proposes two solutions for sending hybrid cells information. 
1. Solution1: The network sends a separate hybrid split to mobile station explicitly, the range of this hybrid split is not within the range of the CSG split, and simultaneously include the PSC/PCI of hybrid cells in the macro NCL.
· For pre Rel-9 mobile station, it can measure and reselect to the hybrid cells as macro cells at any time and any place, but it can not handover to the hybrid cells unless there are no PSC confusion; 
· For Rel-8 mobile station subscribed to a hybrid cell, it can not measure and reselect to the subscribed hybrid cells as CSG cells in fingerprint, although the subscribed hybrid cell has strongest signal strength. Because the mobile station considers hybrids cell as macro cells, it will perform cell reselection based on the normal cell reselection rules, the hybrid cell may not be reselected to due to the lower frequency priority or the lower ranking. In this case, although the mobile station is subscribed to a hybrid cell, it can not enjoy as satisfying service as subscribing to a CSG cell. 
· For Rel-9 mobile station, following rules may be specified. Outside the fingerprint, the mobile station will measure and reselect to the hybrid cells as macro cells according to macro NCL. If it is required to handover to the hybrid cells, the mobile station will report the hybrid cells as CSG cells according to hybrid split in order to solve the PSC/PCI confusion. Inside the fingerprint the mobile station need to search CSG cells in the scope of both the CSG split and the hybrid split. 

Advantage and disadvantage: For Rel-9 mobile station, hybrid cells are always accessible. Rel-9 mobiles can not only measure and reselect to the hybrid cells as macro cells, but also measure and reselect to the subscribed hybrid cells as CSG cells and could further support HO to hybrid cells even PSC/PCI confusion exists. For Rel-8 mobile station, it can measure and reselect to the hybrid cells as macro cells, but can not measure and reselect to the subscribed hybrid cells as CSG cells. 
2. Solution2: The network sends a separate hybrid split to mobile station explicitly, and the range of this hybrid split is the part of the CSG split, and simultaneously includes the PSC/PCI of hybrid cells in the macro NCL.
· For Pre-Rel-8 mobile station, it can measure and reselect to the hybrid cells as macro cells at any time and any place, but it can not handover to the hybrid cells unless there are no PSC confusion; 
· For Rel-8 mobile station, it can not measure and reselect to the hybrid cells as macro cells. For Rel-8 mobile station subscribed to the hybrid cells, it will not measure and reselect to the hybrid cells as CSG cells in the fingerprint. Because the CSG indicator in the hybrid cell system information is set to FALSE, the Rel-8 mobile station will not think the subscribed hybrid cell is a CSG cell,  

· For Rel-9 mobile station, following rules may be specified. Outside the fingerprint, the mobile station will measure and reselect to the hybrid cells as macro cells, in order to solve the PSC/PCI confusion, the mobile station need report the hybrid cells as CSG cells if it handover to the hybrid cells. Inside the fingerprint the mobile station will measure both of all the CSG cells and hybrid cells in the scope of the whole CSG split. 
Advantage and disadvantage: For Rel-9 mobile station, hybrid cells are always accessible. Rle-9 mobiles can not only measure and reselect to the hybrid cells as macro cells, but also measure and reselect to the subscribed hybrid cells as CSG cells and could further support HO to hybrid cells even PSC/PCI confusion exists. For Rel-8 mobile station, it can not measure and reselect to the subscribed hybrid cells as CSG cells, and can not measure and reselect to the hybrid cells as macro cells either. 
The only difference between solution 1 and 2 is for the Rel-8 mobiles. Solution 2 can not support Rel-8 mobiles to reselect to hybrid cells as macro cells.
4 Conclusion
Two solutions for sending hybrid cells information are proposed:
Solution1: The network sends a separate hybrid split to mobile station explicitly, the range of this hybrid split is not within the range of the CSG split, and simultaneously include the PSC/PCI of hybrid cells in the macro NCL.

Solution2: The network sends a separate hybrid split to mobile station explicitly, the range of this hybrid split is the part of the CSG split, and simultaneously includes the PSC/PCI of hybrid cells in the macro NCL.

Based on above analysis, the solution1 is preferable.
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