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1
Introduction
In order to avoid possible misunderstandings when investigating requirements and possible mechanisms related to the support of hybrid cells in Release 9, this contribution first discusses a possible definition and then investigates its realisation in specification terms.  

2
Definition
In genetics, a hybrid is an organism that is the offspring of genetically dissimilar parents. If we apply this principle to a cell from a radio access networks where “parents” can either be regular macro-cells or CSG ones, we obtain a cell that can be at the same time a CSG cell for UEs with the CSG-ID of the cell in their whitelist (allowed CSG list), and a regular cell to all other UEs.
Proposal 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.

3
System Information in E-UTRAN / UTRAN
In Release 8 E-UTRAN, three IEs characterise a CSG cell [1]: csg-Indication in SIB1; csg-Identity in SIB1; and csg-PCI-Range in SIB4. In Release 8 UTRAN, there are three similar IEs in [3]: “CSG Indicator” in MIB; “CSG Identity” in SIB3; and “CSG PSC Split Information” in SIB3 (this IE may also be transmitted by a macro cell in SIB11bis).

The csg-Indication (CSG Indication) defines a cell as a CSG one from an idle mode mobility perspective [2] (or [4]). Then non-CSG UEs can use the csg-PCI-Range (CSG PSC Split Information) to quickly filter CSG cells out while CSG UEs can use the csg-PCI-Range (CSG PSC Split Information) to prioritise CSG cells in the early phases of the reselection process. It also serves as a warning to CSG UEs that both csg-Indication (CSG Indication) and csg-Identity (CSG Identity) also needs to be looked at. What is the impact of hybrid cells on those three IEs?
For the purpose of this discussion document the E-UTRAN IEs are primarily referenced, however the principles also apply to the UTRA counterparts desribed above.
Q1: do hybrid cells belong to csg-PCI-Range?

- 
YES: csg-PCI-Range contains cells that are both accessible and non-accessible to non-CSG UEs. The csg-PCI-Range cannot be used by Rel-9 non-CSG UEs to quickly ignore cells they cannot access. Furthermore Non-CSG Release 8 UEs will ignore hybrid cells.

-
NO: the csg-PCI-Range is related to CSG cells only. Non-CSG Release 8 UEs will not ignore hybrid cells based on PCI but CSG UEs will not be able to prioritise hybrid cells in the early phase of cell reselection.

Q2: do hybrid cells turn the csg-Indication on?

-
YES: non-CSG UEs will ignore hybrid cells.

-
NO: Rel-8 CSG UEs will not be able to see the hybrid cell as a CSG one (there is currently no requirement to check the csg-Identity when csg-Indication is turned off [2]).
Q3: do hybrid cells have a csg-Identity?

-
YES: CSG UEs can identify the hybrid cells that are part of their whitelist.

-
NO: CSG UEs cannot identify the hybrid cells that are part of their whitelist.

Based on the above analysis and proposed definition, the most sensible outcome would be that hybrid cells do not belong to csg-PCI-Range, have a csg-Indication turned off but broadcast a csg-Identity. Note however that although Release 8 non-CSG and CSG UEs would be able to camp on such hybrid cells (which would be seen as 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.
Proposal 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).

Another aspect of system information that needs to be investigated is the NCL. Intra-frequency and inter-RAT mobility is based on the provision of NCL from the network.

Q4: do hybrid cells need to be indicated in the NCL?

-
NO: UE autonomous cell search based on CSG whitelist is obviously not working for UEs without this list i.e. non-CSG UEs cannot find hybrid cells in other cases than intra-frequency ones.

-
YES: non-CSG UEs can identify hybrid cells in other cases than intra-frequency.

Proposal 3: hybrid cells are included in the neighbour list (broadcast) and/or measurement configuration.
In brief, it is proposed that the PCI of a hybrid cell is not included in the csg-PCI-Range (this is reserved for CSG cells), that hybrid cells are included in the neighbour list (broadcast) and/or measurement configuration and that hybrid cells have csg-Indication OFF but includes csg-Identity.

4
Discussion
Having established what hybrid cells are and how they could be characterised in system information, we can now discuss the purpose and benefits of introducing such cells. If we compare hybrid cells to regular ones, the only difference we see is that CSG UEs should somehow prioritise camping and reselection towards hybrid cells whose csg-Identity belong to their whitelist (whether the same prioritisation is applied to active mode mobility is an implementation choice for the network and is therefore left out of the discussion). 
Without a csg-PCI-Range to help CSG UEs in achieving such a requirement, CSG UEs will have to check for and read the csg-Identity of all cells it sees. This defeats the original purpose of csg-PCI-Range which was introduced in Release 8 to precisely avoid that UEs would be required to check SIBs from neighbour cells prior to reselection. Resulting increase in power consumption may be significant and should not be ignored.
Secondly, since Home (e)NB are not introduced in a coordinated manner, the provision of an NCL to allow non-CSG UEs to see hybrid cells for inter-frequency mobility does not seem straightforward.
5
Conclusion
This contribution has discussed the definition of hybrid cells and how they could be characterised in System Information for E-UTRAN and UTRAN. The following proposals were made:
Proposal 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.

Proposal 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.

Proposal 3: hybrid cells are included in the neighbour list (broadcast) and/or measurement configuration.

While those three proposals allow the introduction of hybrid cells in Release 9 without impacting Release 8 UEs (as long as we acknowledge the limitations), they raise two questions:

1) Is it acceptable for UEs to constantly look for and read SIB1 (SIB 3 in UTRA) of all cells it sees?

2) How feasible it is to include hybrid cells in the neighbour list (broadcast) and/or measurement configuration?
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