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Discussion and decision
1
Introduction
A work item [1] to introduce full CSG functionality, including inbound handoff and hybrid cell support, was approved in RAN#43.

In this contribution, we try to clarify what change is needed to support the hybrid cell in rel-9.
2
Discussion
Hybrid cell is a CSG cell providing limited service to non-subscribed users. We didn’t specify anything about the hybrid cell in rel-8 documents. Before discussing the details of hybrid cell, we first need to introduce a definition in 36.331 and 36.304. We propose the following wording:

Hybrid cell: A hybrid cell, part of the PLMN, broadcasting a CSG indication that is set to FALSE together with a specific CSG identity. A hybrid cell is accessible by the members of the closed subscriber group for that CSG identity. Also a hybrid cell is accessible by users without subscription but with limited QoS. All the hybrid cells sharing the same CSG identity use the same radio access technology.
Proposal 1: Introduce the proposed definition of a hybrid cell in 36.331 and 36.304.
UE’s expected behaviour when it detects a normal macro cell, a CSG cell or a hybrid cell is captured in the following table:
	
	Non-CSG UE
	CSG UE

	
	Idle
	Connected
	Idle
	Connected

	Normal macro cell
	Normal reselection
	Normal measurement report
	Normal reselection
	Normal measurement report

	Intra-frequency CSG cell
	Ignore
	Normal measurement report
	The UE follows normal reselection (best radio principle).
If the best cell is not in the whitelist, the cell is ignored
	The UE tries to read and verify CGI in advance of handoff.
Report the CGI together with measurement report.

	Inter-frequency or inter-RAT CSG cell
	Ignore
	Normal measurement report
	The UE reads and verify CGI autonomously.

If the strongest cell is allowed CSG cell, the UE reselects the cell.
	The UE tries to read and verify CGI in advance of handoff.

Report the CGI together with measurement report.

	Intra-frequency hybrid cell 
	Normal reselection
	The UE may try to read and verify CGI in advance of handoff.

The CGI is reported to eNB to help target cell determination.
	The UE follows normal reselection (best radio principle).

If the best cell is not in the whitelist, the cell is treated as a non-CSG cell.
	The UE tries to read and verify CGI in advance of handoff.

Report the CGI together with measurement report.

	Inter-frequency or inter-RAT hybrid cell
	Normal reselection
	The UE may try to read and verify CGI in advance of handoff.

The CGI is reported to eNB to help target cell determination.
	The UE reads and verify CGI autonomously.

If the strongest cell is allowed CSG cell, the UE reselects the cell.
	The UE tries to read and verify CGI in advance of handoff.

Report the CGI together with measurement report.


Note that a hybrid cell is just one type of CSG cell. The hybrid cell may provide a service to users without subscription but its characteristics and architectural base is still CSG. All the CSG related issues such as PCI confusion and difficulty to support hand-in still exist in the hybrid cell. Therefore, UE’s assistance is needed to support hand-in to the hybrid cell similarly as hand-in to a CSG cell. The UE may need to report CGI of the target hybrid cell in its measurement report to help serving eNB determine the target. Even a non-CSG UE in the connected state should try to read CGI of the target hybrid cell autonomously.
Proposal 2: The UE in the connected state can optionally report CGI of a target hybrid cell in the measurement report.

We agreed that Rel-8 UEs should treat hybrid cells as normal macro cells. This means the hybrid cells should use PCIs from macro cell PCI range. But as indicated in the table above, UE’s procedure when it detects a hybrid cell should be different from the procedure for a normal macro cell or a CSG cell. E.g., a non-CSG UE may try to decode SIB1 of hybrid cells to speed up handoff before sending measurement report. Also, a CSG-UE needs to read CGI of hybrid cells autonomously because it can be a CSG cell in its whitelist. But if the CSG-UE does not have any PCI information for the hybrid cells, it should try to read SIB1 of every macro cell.
Therefore, knowing target is a hybrid cell based on PCI is important to reduce unnecessary docoding and reading SIB1 from the cells. The network should reserve some of macro PCIs for hybrid cells and broadcast it to UEs. For LTE, it can be broadcast in SIB4 as follows:
SystemInformationBlockType4 ::=

SEQUENCE {


intraFreqNeighbouringCellList
IntraFreqNeighbouringCellList
OPTIONAL,
-- Need OR

intraFreqBlacklistedCellList

IntraFreqBlacklistedCellList

OPTIONAL,
-- Need OR

csg-PCI-Range





PhysicalCellIdentityAndRange

OPTIONAL,
-- Cond CSG

...

hybridCell-PCI-Range



PhysicalCellIdentityAndRange

OPTIONAL,
-- Cond Hybrid
}

Proposal 3: The network should reserve some of macro PCIs for hybrid cells and broadcast it to UEs. PCI range reserved for hybrid cells can be broadcast in SIB4 for LTE and SIB11 for UTRA.
The PCI split information for hybrid cells can have similar characteristics as PCIs reserved for CSG cells. So it should be broadcast from hybrid cells by default and also from macro or CSG cells optionally.

Proposal 4: Hybrid cell PCI should be broadcast from hybrid cells by default. It could be optionally broadcast from macro cells or CSG cells.

Also its validity should be same as PCIs reserved for CSG.
Proposal 5: The PCI split information for hybrid cells is valid for 24 hours per frequency and PLMN-wide.

3
Proposals
Proposal 1: Introduce the proposed definition of a hybrid cell in 36.331 and 36.304.
Proposal 2: The UE in the connected state can optionally report CGI of a target hybrid cell in the measurement report.

Proposal 3: The network should reserve some of macro PCIs for hybrid cells and broadcast it to UEs. PCI range reserved for hybrid cells can be broadcast in SIB4 for LTE and SIB11 for UTRA.
Proposal 4: Hybrid cell PCI should be broadcast from hybrid cells by default. It could be optionally broadcast from macro cells or CSG cells.

Proposal 5: The PCI split information for hybrid cells is valid for 24 hours per frequency and PLMN-wide.
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