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1. Introduction

In RAN2#63bis [] concluded that Rel-7 UTRA had some open issues with respect to CSG out bound mobility.
This Tdoc looks at some of the issues and concludes on them.

2. Discussion
In order to solve out bound mobility, we must establish at what point in time out bound mobility can be triggered from a CSG cell. We therefore discuss Intra CSG mobility and the issues needed to keep a mobile in the coverage area of one or more CSG cells.
Intra CSG mobility

We believe that intra CSG mobility (that is mobility between cells belonging to the same CSG ID) has the following use cases:

-
Intra frequency CSG mobility

-
Inter frequency CSG mobility.

Proposal1: CSG mobility has a intra frequency component

Proposal2: CSG mobility has an inter frequency component.

Furthermore we believe that CSG mobility is controlled by an implicit priority scheme and this means that the individual cells of the cluster of cells making up the coverage of a CSG all have the same implicit high priority.

Proposal3: CSG cell reselection is controlled by an implicit priority scheme

We note accepting this proposal, the UE will ignore HCS and Rel-8 Default and UE Specific priorities when camped on an allowed CSG

Proposal3bis: When a UE is camped on an allowed CSG cell the UE will ignore HCS and Rel-8 Default and UE specific priorities given to the UE.

From this premise we note that in order for a UE to maintain itself in the coverage area of a CSG it needs to perform both intra and inter frequency mobility on the CSG and this means that for correct mobility a UE must know the precise cells of a CSG in order to perform cell reselection, otherwise the mobile will have to check the target BCCH (for the CSG ID) before camping on the cell.
For Intra CSG intra frequency cell reselection we note that the present day mechanisms (i.e. explicit cell list; CSG Qoffset and IFRI bit) signalling can provide the necessary functionality to govern intra CSG intra frequency mobility. However, intra CSG inter frequency can not be fulfilled by what we have at the moment as in order to maintain coverage of the CSG the UE must know that the neighbouring intra cell reselection should not be performed to a non allowed CSG and it should in preference perform a inter frequency cell reselection. In order to allow this the UE needs to have what we term as the CSG Specific NCL list.

Proposal 4: CSG mobility needs to have an explicit white list of CSG cells (both intra and inter frequency) a CSG Specific NCL list
In order to ensure the UE sticks onto the CSG coverage, the UE would evaluate (rank) all the CSG cells when deciding which one to go to and go to the best of all these ranked cells taking into account the CSG offset of all neighbours and the IFRI bit.
Proposal 5: The UE shall rank all CSG cells in the CSG specific NCL list and camp onto the best of these cells, taking into account CSG Offsets and IFRI bit.
It is only when all of the CSG cells in the CSG Specific NCL list are not suitable will mobility out of the CSG coverage be triggered.

Proposal 6: The UE will initiate search for non CSG cells when all of the CSG cells in the CSG Specific NCL list are no longer suitable.
Proposal6bis: The UE will apply (when out bound mobility is triggered) Rel-8 Default and UE specific priority schemes

3. Conclusion
As you can see from the proposals made, the problematic scenario is the need to support an intra CSG inter frequency mobility. This use case advocates the existence of an CSG specific NCL list to facilitate moving between layers. What is clear is if we can avoid intra CSG inter frequency mobility then we can avoid the additional complexity as pointed out.
It is difficult to believe that deployment of CSG will only be in one frequency due to the interference issues. Specifically, for campus or very high density hNB deployments we find it difficult to constrain O&M to allocating a single frequency and we believe that intra CSG inter frequency mobility is a necessary evil and has to be dealt with in some way.

Use of Existing techniques

We have also looked at how we could reuse existing mechanisms.

Equal priority schemes

Equal priority schemes in Rel-8 for intra CSG inter frequency mobility. This is also a possible way forward, but if we have to recognise that using this method may severely affect UE battery autonomy when camped on a CSG which is deployed in more than one frequency as the UE will be continually performing inter frequency measurements and reading BCCH for ranking purposes. We could then have normal NCL for intra and inter frequency with Cell specific offsets forcing the mobility on to these cells. If the best cell is not a CSG cell for the UE then this cell really is the strongest, and that the possible cells of same CSG on same or other layers are really weak
Proposal 7: Intra CSG Inter frequency mobility uses a NCL with Cell specific offsets in addition to an equal priority scheme.

There is a slight draw back to this method as there could be a cell on another frequency which is good but in this case it would not be selected.
CSG Autonomous search

Other options are to allow an autonomous intra CSG inter frequency cell reselection to change frequency. However the performance of this is quiet slow (in the order of 20 seconds), and there is no way we would avoid to switch to another cell (macro) before coming back down to the CSG cell. This is not optimal but it does some how work although it will create additional MM signalling in UTRA.

Proposal 8: Intra CSG Inter frequency uses autonomous search .

Inter frequency plus priority

Base on inter frequency schemes the UE would never search for "higher priority" layer, but it would always consider other layers to be either the same priority (if explicitly configured) or lower priority (if different to than same priority is signalled), i.e. CSG cells are implicitly highest priority. The UE could reselect to other layer of different priority, using the current mechanism and threshold for re-selection to lower priority layer. (if this threshold is set to be same as suitability threshold, then UE would not reselect to lower priority layer until basically going out of coverage). 
Proposal 9: Use inter frequency cell reselection based on threshold low values and high values. The UE considers the cell on which it is camped as the highest priority and other cells as either equal or lower priority.

Beyond Rel-8 feature considerations

What ever solution we consider for Rel-8 it is important to ensure that the solution is forward compatible to features such as Open and Semi Open access. Choosing a non optimal solution for Rel-8 would mean that Rel-9 mobiles would have to implement two different mechanisms. Or it would mean that Rel-8 mobiles would have limited service (or no service) when new features are introduced.
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