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1
Introduction
This document analyses the implications of the definition of a hybrid cell for UTRAN for CSG members and non-CSG members. Throughout the document we use the term “non-member” to refer to “all other UES” – that is any UE which does not have the hybrid cell’s broadcast CSG Identity in it’s whitelist, and any UE without a whitelist including Rel-8 and pre-Rel-8 UEs. 

The definition of a hybrid cell, from [3]
Hybrid cell: A cell broadcasting a CSG identity which is accessible as a CSG cell by UEs which are members of the CSG and as a normal cell by all other UEs.

In order to support mobility for non-member UEs, it should be clear that in order to appear like a normal cell, then the cell needs to appear in the neighbour cell list for Idle mode (System Information) and for CELL_DCH (System Information and/or MEASRUEMENT CONTROL). 

However, from previous RAN2 discussions it appears that this is not clear. It is important to understand the requirements of a hybrid cell in order that we can progress the work defining the behaviour, since this fundamental mobility requirement will determine what additional procedures and changes to signalling are necessary to support the feature.

We can break down UTRA hybrid cell into 4 possible “types”.  

	
	In Idle mode NCL?
	In CELL_DCH NCL?

	Type 1
	YES
	YES

	Type 2
	YES
	NO

	Type 3
	NO
	YES

	Type 4
	NO
	NO


In order to support mobility for non-member UEs in idle mode and connected mode, then type 1 is the only valid type of hybrid cell. Type 4 can easily be supported in case the hybrid cell is out of coverage of the macro network. 

Supporting any of the types of hybrid cell will have implications to the procedures required.

2
Idle Mode Mobility
2.1
Cell Reselection
In order to appear as a normal cell for non-members for the purpose of cell reselection, it is clear that the UTRA hybrid cell must be listed in the broadcast neighbour cell list of the cell which the UE is camped on – i.e. the macro network cell. If the hybrid cell is not in the neighbour cell list, then idle mode measurements cannot be performed on the cell and it cannot be considered for reselection. Therefore the cell is not seen as a normal cell by non-members for the purpose of reselection and hence goes against the definition of hybrid cell – in other words it is not a hybrid cell according to the definition of hybrid cell when we consider cell reselection.

Given that we have established that the cell isn’t a hybrid cell for reselection purposes unless it appears in the NCL - For intra-frequency reselection, there is no difference in the behaviour for CSG members and non-members. The hybrid cell needs to be the highest ranked cell on the frequency. 

For inter-frequency reselection, hybrid cells are only measured and reselected by non-members if the normal rules are met. For example the UE may not enable inter-frequency measurements unless Sintersearch rules are met or if the hybrid cell is on a lower priority frequency, while the serving frequency is above Thresh,serving,low. CSG members on the other hand should be able to perform measurements of hybrid cells which have been previously visited even when these rules are not met, triggered by stored fingerprint information.  
One implication of inclusion of hybrid cells in the macro neighbour cell list is the requirements on the network. If hybrid cells are deployed in an uncoordinated manner, and the macro network only includes those macro cells known to be neighbours, then the macro network first of all needs to know PSC values of the neighboring hybrid cells, and needs to periodically update it’s own neighbour cell list whenever the PSC value of a neighbouring hybrid cell changes. A simpler alternative would be to include the entire range of PSC reserved for hybrid cells in the neighbour cell list. This would however restrict the possible range of hybrid cells ( 32 PSC per frequency shared between macro & hybrid cells due to the neighbour cell limitations ). 

Observation 1: Without a neighbour cell list the non-member UE cannot reselect to a hybrid UMTS cell. (cell reselection not possible)

Observation 1a: With a neighbour cell list, CSG member UEs can optimise the autonomous search to look for only those cells indicated, preserving battery and reducing search time.
Observsation 1b: CSG member UEs can search and reselect to inter-freq hybrid cells which have been previously visited when the criteria for non-member UEs are not met, providing natural higher priority for CSG members – with or without neighbour cell list.

Observation 1c: Inclusion of the hybrid cells in the macro neighbour cell list restricts the number of PSC which can be used for hybrid cells.

2.2
Cell Selection

From [2]
The UE shall use one of the following two search procedures:

a)
Initial Cell Selection


This procedure requires no prior knowledge of which RF channels are UTRA carriers. The UE shall scan all RF channels in the UTRA bands according to its capabilities to find a suitable cell. On each carrier, the UE need only search for the strongest cell. Once a suitable cell is found this cell shall be selected.

b)
Stored Information Cell Selection


This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, e.g. scrambling codes, from previously received measurement control information elements. Once the UE has found a suitable cell the UE shall select it. If no suitable cell is found the Initial cell selection procedure shall be started.

It’s clear that the use of a neighbour cell list will improve cell selection, since the UE can use stored information to speed up the process, e.g. in case of radio link failure.  CSG UEs may also use stored fingerprint information. However, even with no stored information, the UE will eventually camp on a hybrid cell if it is found to be stuitable. 
The cell selection procedure is initiated when the UE is powered on, or when the UE goes out of service (e.g. out of coverage of the macro NW). 
Observation 2: Without a neighbour cell list the non-member UE can select a UMTS hybrid cell when powering on or going out of service. (cell selection possible)

2.3
Manual CSG Selection

For manual CSG selection the Rel-9 CSG capable UE is required to search for all bands and frequencies supported, and report at least the strongest cell on each frequency if it is a hybrid cell (or CSG cell). Therefore the presence of a neighbour cell list for manual CSG selection is not relevant – manual CSG selection can be performed with or without neighbour cell list.
Observation 3: For manual CSG selection of hybrid cells in Rel-9 the neighbour cell list presence is irrelevant.

2.3
Idle mode mobility conclusions

CSG UEs can perform autonomous search and select/reselect a hybrid cell at any time, similar to “closed” CSG cells.
However, we have observed that without being in the neighbour cell list, the hybrid cell cannot be considered for reselection by a non-member UE + therefore is not like a normal cell to a non-member UE. 
Without being in the neighbour cell list the only situation that a non-member UE can camp on a hybrid cell in idle mode is when it is powered on or when it goes out of service from the macro NW. In other words, as long as the non-member UE is in the coverage of the macro NW, it will never camp on an inter-frequency hybrid cell + will never camp on an intra-frequency hybrid cell unless there is also interference causing out of service. 
For the case where the UE goes out of service, the hybrid cell is accessible via cell selection for CSG members and non-members alike. This scenario may be useful for coverage extension, where there is poor or no coverage from the macro network. In this scenario it makes no sense for the cells to be in the neighbour cell list (since UE will only arrive on the cells via cell selection, reselection does not work anyway). In this scenario cell reselection isn’t possible for CSG members or non-members anyway.  
Proposal 1: When under the coverage of a macro network, the UE can assume that hybrid cells are listed in the macro cell neighbour cell list broadcast in system information, for the purpose of idle mode reselection. 
3
Connected Mode Mobility
3.1
Measurements and Measurement Reporting

It’s clear from the definition of a hybrid cell that the cell appears like a normal cell to any non-member UE. Hence, in order to support CELL_DCH measurements and measurement reporting for non-member UEs, no new procedures are required. The network shall use existing measurement procedures, events, and reporting. 
In order to support existing measurements, the hybrid cell is required to be in the neighbour cell list (CELL_INFO_LIST). This variable can be updated either from system information broadcast, or via MEASRUEMENT CONTROL message. 

With reference to proposal 1, if the UE is out of coverage of the macro NW, and therefore can only access the hybrid cell in idle mode through cell selection, then there is no benefit of having the cell in the NCL. Equally for connected mode, measurements and handover isn’t possible either in this situation.

Observation 4: To support measurements and measurement reporting in CELL_DCH state for non-member UEs, the hybrid cell must be in the neighbour cell list (CELL_INFO_LIST)

3.2
Handover Execution (UTRA and E-UTRA Hybrid cell)
The above observation seems to be quite straightforward and obvious, however this has further implications. The existing neighbour cell list is not designed to support more than one entry with the same frequency and scrambling code. 

Further, and this is applicable to UTRA and E-UTRA, in order for the network to provide support for non-CSG UEs or legacy UEs (e.g. Rel-8) then the NW must be able to perform handover using the existing procedures – namely it cannot request the UE to perform any PSC/PCI confusion resolution mechanisms and must therefore be able to derive RNC ID (in 3G) and eNB ID (in LTE) from the reported PSC/PCI for handover to a hybrid cell. 
This implies one of the following: 

a) There is no PSC/PCI confusion for hybrid cells.

The above would need to be true in order for measurements and reporting to work using the existing measurement events and reporting. For example, if a single entry in the neighbour cell list referred to a possible number of different cells, then the NW would be in PSC confusion also for non-member UEs, and be unable to support handover for non-member UEs without a network-based solution for PSC confusion. 
If there would be multiple entries in the neighbour cell list with the same frequency and scrambling code, the UE would be unable to identify the matching Cell ID (in other words, UE would be in PSC confusion + the behaviour would be unpredictable/unspecified)

If we assume (a) to be true then there is a restriction on the number of hybrid cells which may be deployed under the coverage of a single macro cell – i.e. there can never be multiple hybrid cells under the coverage of one macro cell using the same frequency and scrambling code, and those cells would need to be deployed in a co-ordinated manner in order that the network can support handover.
b) CELL_DCH measurements and/or handover cannot be supported for non-CSG members. 

Already RAN3 has indicated in [4] that there is no NW based solution which can resolve PSC/PCI confusion in the absence of system information read by the UE. Therefore, if PSC confusion does exist then handover cannot be supported for non-member UEs.

If this is true, then the definition of hybrid cell is not met for connected mode procedures, since the cell cannot be treated as a normal cell. This would, however, allow for uncoordinated deployment. 
This would mean that any PSC/PCI confusion mechanism would be applied equally to CSG cells and hybrid cells for CSG member UEs. This would, however, mean that for non-member UEs, the network would need to remove UTRA hybrid cells from the NCL (CELL_INFO_LIST) via measurement control, resulting in increased signalling on the macro NW to handle non-member UEs ( including legacy UEs ), impacting the NW capacity. Alternatively, if this is not done, then the non-member UEs would be continuously searching for hybrid cells and sending MEASUREMENT REPORT to the NW for every hybrid cell detected. The network would need to ignore such reports, since we cannot resolve the PSC confusion. This would also result in increased signalling on the macro NW, unless a NW based solution for PSC confusion is found. 
Observation 5: There cannot be PSC/PCI confusion for hybrid cells, and support for non-member UEs at the same time.

With the above observation, it is clear that in order to support PSC/PCI confusion for hybrid cells would require the introduction of a new cell type – this would be a cell which behaves as a hybrid cell in idle mode, and a closed cell in connected mode. In other words, the hybrid cell concept works only in idle mode in case PSC confusion also exists -  handover cannot be supported for non-member UEs.
3.3
Connected mode mobility conclusions

We have analysed the implications of the definition of hybrid cell in connected mode, and have shown that due to the restrictions imposed by the requirement of using neighbour cell list for non-member UEs, and the requirement that a hybrid cell must appear as a normal cell to non-member UE, then PSC confusion cannot exist for hybrid cells in UTRA. 
Proposal 2: RAN2 to decide which of the following is more acceptable (for UTRA and E-UTRA):

· A) There is no PSC/PCI confusion for hybrid cells, hybrid cell deployment is co-ordinated, handover is supported for non-member UEs (normal handover procedure can be used also for CSG UE).

· B) PSC/PCI confusion can exist, hybrid cell deployment may be uncoordinated, however there is no handover support for non-CSG UEs. 

4
Conclusion
When we combine the analysis for idle mode and connected mode, it becomes clear that in order to support CSG member UEs and non-member UEs in a hybrid cells, we must make some restrictions on the NW. 

Going back to the 4 hybrid cell types identified in the introduction, we can make some conclusions. 
The conclusions for handover support are equally applicable to E-UTRA regardless of the principle of neighbour list (since we still need to be able to perform handover using rel-8 procedures for non-CSG UE)
	
	In Idle mode NCL?
	In CELL_DCH NCL?
	Comments 

	Type 1
	YES
	YES
	Full support for non members, but restricts PSC range and PSC re-use
Supports reselection for non members

Supports handover for non members

No PSC confusion – cannot use multiple cells with same PSC

Cell deployment needs to be coordinated

	Type 2
	YES
	NO
	Idle support for non-members, no connected mode support + requires “unused” additional signalling, restricts PSC range
Supports reselection for non-members

No handover support for non-members

PSC confusion can exist - multiple cells with same PSC

Cell deployment can be uncoordinated

	Type 3
	NO
	YES
	No Idle support for non-members, support for handover for non-members, restriction on deployment, restricts PSC re-use
No reselection support for non-members

Supports handover for non members

No PSC confusion – cannot use multiple cells with same PSC

Cell deployment needs to be coordinated

	Type 4
	NO
	NO
	No support for non-members except cell selection when out of service.

No reselection support for non-members

No handover support for non-members

No PSC confusion - cannot exist because handover cannot be executed anyway. Multiple cells with same PSC can exist.
Cell deployment can be uncoordinated


- If uncoordinated deployments, the non-CSG UEs can get only idle mode support in UTRA and E-UTRA. To provide UTRA idle mode support the 32 PSC values per carrier need to be shared between macro and hybrid cells.

- If coordinated deployments, no PSC/PCI reuse possible within macro cell coverage, the non-CSG UEs can be supported also for relocations/handovers.
--> The current SA1 requrements can only partially be met.

Proposal 1: When under the coverage of a macro network, the UE can assume that UTRA hybrid cells are listed in the macro cell neighbour cell list broadcast in system information, for the purpose of idle mode reselection. 

Proposal 2: RAN2 to decide which of the following is more acceptable (for UTRA and E-UTRA):

· A) There is no PSC/PCI confusion for hybrid cells, hybrid cell deployment is co-ordinated, handover is supported for non-member UEs (normal handover procedure can be used also for CSG UE).

· B) PSC/PCI confusion can exist, hybrid cell deployment may be uncoordinated, however there is no handover support for non-CSG UEs. 
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