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Discussion and decision
1
Introduction
Several contributions related with hybrid cell were discussed in RAN2 #65bis. On top of the discussion and agreement made in RAN2 #65bis, this contribution proposes to reserve PCIs for hybrid cells and broadcast it. This contribution includes expected gain of reserving and broadcasting PCIs for hybrid cells.

2
Discussion
The followings were agreed as stage-2 definition of the hybrid cell in the last meeting:

· 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.
· 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)
In addition to the agreement, hybrid (CSG) cell may have the following characteristics:

· The user may set CSG AP to either closed mode or hybrid mode. This means the closed CSG cell and hybrid CSG cell may have the same architectural base. (i.e., The closed/hybrid cells may be connected to the MME through H(e)NB gateway.)
· Because CSG cell AP is mainly under user’s control, and there could be many CSG cells in one macro cell coverage, the resources used by the closed/hybrid CSG cells should be controlled carefully to avoid possible impact on the macro network. For example, the PCIs used by the hybrid cells also should be limited to a set that is not used by macro cells. If there is no restriction on the PCIs that can be used by the hybrid cell, same PCI can be used by both a macro cell and a hybrid cell. The following figure describes a simple PCI collision scenario.
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1. When the hybrid cell is close to the marco cell tower, it can see only macro cell A and possibly its first tier neighbours (macro cell B) due to high signal strength of cell A.
2. The hybrid cell picks a PCI x it doesn't see, but the PCI x can be already used by a macro cell C that is a 2nd-tier neighbour of the macro cell A.

· The hybrid mode cell should provide seamless service to users even without subscription. I.e., the hybrid cell should support hand-in and hand-out of UEs with or without subscription

As described above, the hybrid (CSG) cell shares many characteristics with the closed mode CSG cell. All the CSG related issues such as PCI confusion due to limited number of PCIs, and difficulty to support hand-in still exist in the hybrid cell. Before discussing what is needed to resolve issues related with the hybrid cell, we first need to focuse on the expected behaviour of the UE. The following table captures our view on this:

	
	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.
If the best cell is not in the whitelist, the cell is ignored
	The UE tries to read and verify CSG ID 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 CSG ID autonomously.

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

The CGI is reported to eNB to help target cell determination.
	The UE follows normal reselection.

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 CSG ID in advance of handoff.

Report the CGI together with measurement report.

	Inter-frequency or inter-RAT hybrid cell
	Normal reselection
Additional enhancement is FFS
	The UE may try to read and verify CSG ID in advance of handoff.

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

If the strongest cell is allowed CSG cell, the UE reselects the cell. (preferential access)
	The UE tries to read and verify CSG ID in advance of handoff.

Report the CGI together with measurement report.


As described avobe, the idle CSG UE should try to detect a hybrid cell broadcasting CSG ID that belongs to its allowed CSG list. If there is no restriction on PCIs that the hybrid cell can use, or the range of the PCIs is not known to the CSG UE, the UE should try to read SIB1 of every detected inter-frequency cell to check CSG ID, which is very undesirable. It’s possible that the fingerprint of the UE reduces UE’s effort for searching its allowed hybrid cell. But assuming the PCI can change when the hybrid cell turns off and on over time, and there could be a company scenario that uses multiple hybrid cells with different PCIs, it seems not reliable to completely depend on PCI recorded in fingerfrint. (Other fingerprint information such as location of CSG/hybrid cells seems more reliable than PCI information.)
Also for the idle non-CSG UE, it could be possible for the UE to de-prioritize inter-frequency hybrid cells from current macro cell because the hybrid cell may not provide full QoS. Similar to the idle CSG UEs, if there is no way to distinguish hybrid cells from normal cells in PHY, the non-CSG UEs should try to read SIB1 whenever it detects an inter-frequency cell.
Based on the observations avobe, it seems beneficial to let the UE know PCI range reserved for hybrid cells.
Proposal 1: The network should reserve some of macro PCIs for hybrid cells and broadcast it.
In RAN2 #65bis, connected mobility into CSG cell was discussed in detail. Some of the proposals were assuming UE’s assistance that is mainy report of target CGI, and the UE should read SIB1 of the target to get the CGI. As explained above, a hybrid cell has very similar charicteristics as a closed CSG cell. The UE may need to report target CGI to enable hand-in to the hybrid cell. But reading SIB1 to get the CGI may cause short service interruption. If the UE cannot distinghish a hybrid cell from macro cells in PHY, the problem will be severe enough to drop the call. Therefore, reserving and broadcasting PCIs for hybrid cells may help UEs distinguish a hybrid cell from normal macro cells and avoid reading unnecessary SIB1 of the macro cells.

The PCI split information for hybrid cells can have similar characteristics as PCIs reserved for CSG cells. It can be broadcast from hybrid cells by default and optionally from macro or CSG cells.

Proposal 2: 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 3: The PCI split information for hybrid cells is valid for 24 hours per frequency and PLMN-wide.

3
Proposals
Proposal 1: The network should reserve some of macro PCIs for hybrid cells and broadcast it.
Proposal 2: Hybrid cell PCI should be broadcast from hybrid cells by default. It could be optionally broadcast from macro cells or CSG cells.

Proposal 3: The PCI split information for hybrid cells is valid for 24 hours per frequency and PLMN-wide.
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