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1 Introduction

As part of the active mode mobility discussions involving home cells one aspect that has not yet been fully treated is active mode mobility towards hybrid cells.
As it has already been highlighted in previous contributions, TS 22.220 defines hybrid cell mode as follows:

Hybrid access mode: H(e)NB operates as a CSG cell where at the same time, non-CSG members are allowed access.
Therefore, the main issue to be clarified is how to define active mode mobility towards such hybrid mode cells: shall it resemble mobility towards CSG cells or shall it resemble mobility towards open cells?

This paper proposes a solution to active mode mobility towards hybrid cells. 
2 Discussion
In a recent email discussion carried out within RAN2 (see RAN2 email discussion [65b-3]: Inbound CSG mobility) the problems of mobility towards CSG cells were highlighted.  The main issue at the base of such problems is the difficulty from the UE to be able to read system information while in active mode and to provide such information to the serving RAN in order to allow a correct identification of the target and a correct handover procedure.
Of course, the crucial obstacle for handover procedures towards CSG cells is the so called PCI/PSC confusion, which is very likely when CSG cells are forced to use a very small range of PCIs/PSCs (namely, the CSG PCIs/PSCs).

In the case of hybrid cells the following was agreed during RAN2#65bis as the conclusions of discussions on R2-092052:
“1)
A hybrid cell is a cell that can be at the same time a CSG cell for UEs with its CSG-ID in their whitelist, and a regular cell to all other UEs.

2)
Hybrid cells do not belong to csg-PCI-Range (CSG PSC Split Information), have a csg-Indication (CSG Indication) turned off but broadcast a csg-Identity (CSG Identity).


NOTE: although Release 8 non-CSG and CSG UEs would be able to camp on such hybrid cells (which would be seen as a normal one) there is no possibility for Release 8 CSG UEs to see hybrid cells as CSG cells when their CSG ID matches their whitelist.

3a)
Neighbour Cell List: Hybrid cells should not be blacklisted in the LTE NCL

3b)
  Neighbour Cell List: FFS how to handle hybrid cells in the UMTS NCL”  
From the above agreements it can be seen that hybrid cells will not be forced to use PCIs/PSCs within a restricted range.  For this reason it can be assumed that PCI/PSC confusion is avoidable for such cells, namely the following work assumption shall be made:

Working Assumption: Hybrid cells shall undergo coordinated deployment, where PCI/PSC assignment is done in a way to avoid PCI/PSC confusion.  

The above working assumption is of crucial importance because hybrid cells will share the same PCI/PSC range of macro cells.  Therefore, if coordinated deployment was not guaranteed PCI/PSC confusion would affect macro cell access causing potential access faults to public cells.

It has to be noted that the same working assumption shall be applied to open home cells for the same reasons.   
2.1      Active Mode Mobility towards Hybrid Cells
In light of the above the active mode mobility procedure for hybrid cells shall be based on the following simple principles:
1) When handing over to a hybrid cell while in active mode the UE follows normal reselection procedures just like with macro cell reselection.  The UE reports to the source RAN only physical layer parameters like the PCI/PSC of the hybrid target cell   

 

2) Source RAN shall be able to determine the hybrid target cell identity from the physical layer measurement reports provided by the UE

 

3) During the HO procedure the core network performs access control for the UE, determines if the UE is member of the CSG supported by the hybrid cell and provide the target RAN with access control results

The three principles above are shown in the message sequence chart below:
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The main aim of the mobility principles above is to avoid forcing the UEs to read system information parameters for cells operating in the non-CSG PCI/PSC range.  Indeed, it has to be noted that if this was not achieved, the UE would have to read SIBs for all open, hybrid and macro cells in order to understand what type of access the cell is supporting.
The mobility principles stated above also allow the UE to be admitted to the CSG part of the hybrid cell at the end of the handover procedure.

Note: it is FFS whether the HO/RELOCATION REQUIRED message shall contain specific information on the access type of the target cell (e.g. hybrid, open) in order to allow the CN to initiate access control.
3 Conclusions 
This paper proposed an active mode mobility procedure for hybrid cells.  The main aim of the proposals is to avoid system information reading at the UE for reselection of cells operating within the non-CSG PCI/PSC range.  The proposals also allow for the UE to be admitted to the CSG part of the hybrid cell once the HO/Relocation is terminated. 
It is suggested to agree on the active mode mobility procedures for hybrid cell access described in section 2.1 and to include such agreements in TS 36.300.

It is also suggested to agree to the following working assumption:

Working Assumption: Hybrid cells shall undergo coordinated deployment, where PCI/PSC assignment is done in a way to avoid PCI/PSC confusion.  
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