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Handling of Hybrid Cells
1. Introduction
In last GERAN #46, several contributions [1] [2] [3] [4] were presented on how to support inbound mobility to hybrid cells in dedicated mode or dual transfer mode or packet transfer mode. And a LS [5] was sent out to RAN2 and SA1 for guidance. This paper discuss on how to handle hybrid cells in connected mode.
2. Related Information
1. Objects of EHNB-GERAN WI 
In EHNB-GERAN WI [6], the objects of this WI are to support following: 

· Inbound mobility to H(e)NBs (either in closed or hybrid access mode) from GERAN in packet transfer mode;

· Inbound mobility to HNBs (either in closed or hybrid access mode) from GERAN in dedicated mode and dual transfer mode.

According to the objects of this WI, Handover to H(e)NB should be supported in hybrid access mode no matter PSC/PCI confusion exist or not. Solutions should be studied to support HO to hybrid cells.
2. Reply LS from RAN2

According to the reply LS from RAN2 [7], RAN2 has admitted that the possibility of PSC/PCI confusion of hybrid cells exists. RNC/eNB knows the split of hybrid cells, and handover to hybrid cells can be supported by SI acquisition mechanism in case of PSC/PCI confusion. RNC or eNB has the hybrid split information but not signal it to the MS. If the measurement report including a freq + PSC/PCi which is identified within the hybrid split, RNC or eNB will send measurement control message to request the MS to report the routing parameters for that freq+ PSC/PCI.
But in GERAN, no such mechanism like RAN2 is available. In GERAN, SI acquisition of CSG cells is MS’s autonomous behaviour, and SI reading in dedicated mode or dual transfer mode or packet transfer mode will interrupt the ongoing service. Because the MS has no knowledge of hybrid split in GERAN so far, solutions should be studied to support the MS to acquire SI of hybrid cells in case PSC/PCI confusion exists.
3. CSG reporting capability of MS
In TS 25.331 and 36.331, UE will report it radio access capability to UTRAN and E-UTRAN of the support of CSG. But this CSG capability is independent of the MS’s subscription. That is, a CSG capable
 MS may have an empty CSG white list. And RNC or eNB has no idea whether the MS’s CSG whitelist empty or not, but only know whether the MS support reporting CSG. When a measurement report including a freq+ PSC/PCI of a hybrid cell is received, the RNC or eNB may request this CSG capable MS to report routing parameters for that cell. Therefore, the MS supporting CSG with an empty CSG white list may also be handed over to a hybrid cells.
In TS 24.008, GERAN can acquire the MS’s capability of support of UTRAN and E-UTRAN CSG. BSS does not know whether this MS has an empty CSG whitelist when asking the MS to report CSG cells. So a MS is CSG capable MS, then the BSS may request the MS to report CSG cell, i.e. routing parameters.
Conclusion: In GERAN, solutions should be studied to support handover CSG capable MSs from GERAN to hybrid cells in case PSC/PCI confusion exists.
4. Concept of Fingerprint
According to RP LS on CSG reselection requirements and testing [8], it states that "The requirement should be applicable only to CSG cells previously visited by the UE under the assumption that the configurations of the CSG cell, such as the location, carrier frequency and physical cell identity, as well as configurations of the surrounding cells have not changed."
It seems the fingerprint limits to the previously visited CSG cell and hybrid cell. If the MS goes to a place where it does no visit before which is a possible case for hybrid cell, then how to support handover to hybrid should be studied when no help from fingerprint profile. 

3. Solutions for Hybrid cells
In case of no PSC/PCI confusion, legacy procedure is sufficient to support handover Pre-Rel-8 MS and Rel-8/9 MS to hybrid cells which is not the main purpose of this paper. 
In case of PSC/PCI confusion, possible solutions are analyzed as below to support handover to hybrid cells for Rel-9 MS which support CSG no matter with or without CSG white list or with empty CSG white list.
1. Inside of fingerprint
The MS does not know the exact range of hybrid cells and macro cells respectively, so the MS will treat hybrid cells as neighbor macro cells. But the MS may remember which PSC/PCI is a subscribed hybrid cell according to the previous successful camp in the fingerprint. 
This fingerprint profile may affect the MS’s behavior of cell re-selection and handover to the subscribed hybrid cells. When entering fingerprint, the MS may detect a PSC/PCI which is signaled in macro NCL. And fingerprint profile indicates the proximity of its subscribed cell by identifying the frequency + PSC/PCI. The MS may prefer to report this cell with higher priority if reporting criteria of macro cells are met. But reporting parameters (physical parameters or routing parameters) in PCCN or measurement reporting messages are controlled by the network, i.e. by CSG reporting indicator in SI2quater, or MI or PMO.
When PSC/PCI confusion exists among hybrid cells, the network should require reporting CSG routing parameters. The network can use the routing parameters reported by the MS to perform potential handover or network controlled cell reselection to hybrid cells. If CSG routing parameters are not required in case of PSC/PCI confusion, the network can not perform handover based on the reported frequency + PSC/PCI.
Potential Problem:

But when the subscribed hybrid cell changes the PSC/PCI, the MS may not detect a PSC/PCI same as previously visited hybrid cell or may not detect any PSC/PCI recorded in its memory, which may cause the following problem.

In this case if CSG routing parameters are required, the MS may blindly read SI of the selected PSC/PCI within the macro range because the MS can not get guidance from it CSG fingerprint profile. SI reading may cause more frequent interruption if the first SI reading attempt does not capture the target subscribed hybrid cell. 

2. Outside of fingerprint

When MS is outside of the fingerprint where the MS does not visit this cell before, the CSG fingerprint profile will not work anymore. When PSC/PCI confusion exists, the MS has no idea for which PSC/PCI SI reading should be performed because of the lack of guidance of CSG fingerprint profile. If a MS has no or empty CSG white list, it is assumed that this MS has no fingerprint profile, and it behavior is same as a MS with a non-empty CSG white list outside of the fingerprint.
Potential problem:

When PSC/PCI confusion exists, the network requires the SI of hybrid cells to support handover a MS outside its fingerprint. The MS may read SI blindly outside its fingerprint within the macro range which may cause the MS read a SI of a macro cell.
Proposed solution: 
In order to provide guidance on SI reading, a possible way is to signal a hybrid split to the MS, thus the MS will know the exact range of PSC/PCI which is applied for hybrid and within which PSC/PCI confusion may happen.

4. Conclusion

This paper analyzes how to support handover to hybrid cells when PSC/PCI confusion exists among hybrid cells. The proposed solution is following: 
The network sends a separate hybrid split to mobile station explicitly, the range of this hybrid split is within the macro range, but not within the CSG split, and the network simultaneously includes this hybrid split in the macro NCL.
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� CSG capable MS refers to a MS which supporting CSG routing parameter reporting.
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