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1. Introduction
This document discusses UE requirements for idle mode mobility with hybrid cells for legacy UE support.
2. Discussion
In the specification TS22.220v9.0.0 [1], the use case of hybrid cell is described as follows:

In order to improve the coverage in a shopping mall, H(e)NBs are deployed. The shopping mall owner may have been provided a special deal by the network operator where the employees of the shopping mall will get preferential charging rates and priority access when accessing services via these H(e)NBs. In exchange, the shopping mall owner allows the public to use the H(e)NBs to access the normal network operator services. The H(e)NB owner should not need to manage the public access and the public should not need to do anything special in order to get services on the H(e)NB.
As we can see that HNBs can be used for improving the indoor coverage, it is reasonable to permit the legacy UEs to access to the hybrid access mode cells. 
Also in principlly agreed CR R2-092707 [2] in RAN2 65bis, the access control of hybrid is described like this:

Moreover, in both a home deployment and in an enterprise deployment (e.g. in a shopping mall) it might be in the interest of the owner to also allow UEs which are not members of the CSG to have access to a cell  which normally only members of the CSG can access. Moreover, it might be needed to allow access to a non-csg member which is causing interference to the cell normally accessible by only members of the CSG. In such cases, the cell would be operated as a hybrid cell [27].
So, another purpose of deploying hybrid cells is to reduce the interference caused by non CSG members to the CSG cells. Then it is better to permit the legacy UE to access to the hybrid cell, otherwise, the interference can not be resolved. 
2.1

How to support hybrid access mode:

This section mainly analysis hybrid mode support in UMTS and LTE separately.
1) UMTS case: 
	
	UTRA

	Pre-R8 UE 
	Pre-Rel-8: Hybrid cells need to be in the NCL. 
When HCS is implemented they must be in the highest HCS priority layer. Othrwise they need to be planned to favour UEs to camp on these cells.

	Rel-8 UE
	In Rel-8 we have put specific support for dedicated frequency CSG deployment this can be used by non CSG UEs to avoid cell reselection to the layer.

Rel-8 Default absolute priorities: In order to get mobiles on to Hybrid cells when Default priorities are applied by the network for UEs, then all Hybrid cells must exist in the highest priority layer

Rel-8 Dedicated priorities: If dedicated priorities are applied then the default priorities are ignored. In order to get Rel-8 mobiles on to Hybrid cells when dedicated priorities are applied by the UE then the network needs to ensure that hybrid cells are placed into the individual high priority layers signalled to the UE.
Note: the use of Dedicated priorities allows the Operator to spread Rel-8 UEs across layers and thus deploy Hybrid cells in different layers.


From the table above we note that supporting legacy mobiles has various planning restrictions for hybrid cells depending on which release is looked at.

It might not seem obvious, but hybrid cells can not be deployed in dedicted frequencies, because non CSG UEs may avoid reselecting to these frequencies (New Rel-8 UTRA functionality).

We therefore summarise that:

For Pre-Rel-8: Hybrid cells needed to be planned in the highest priority HCS layer or planned such that UEs reselect to them, and they may come under high overload due to the massive presence of pre-release 8 UEs. 
For Rel-8: Rel-8 seems to have the appropriate functionality that gives the operators the choice of deployment and at the same time allows Rel-8 legacy mobile load to be distributed between different hybrid cells in different layers. Hybrid cells can not be deployed in a dedicated CSG layer if legacy Rel-8 is to be supported.
2) LTE case:

	
	eUTRA

	Rel-8 UE
	Rel-8: Default absolute priorities: In order to get mobiles on to Hybrid cells when Default priorities are applied by the network for UEs, then all hybrid cells must exist in the highest priority layer

Rel-8 Dedicated priorities: In order to get mobiles on to Hybrid cells when dedicated priorities are applied by the UE then the network needs to ensure that hybrid cells are placed into the high priority layers signalled to the UE


Unlike UMTS, LTE may not have a great legacy mobile problem in addition to this we note that Hybrid cell is not well supported in Rel-8, which leaves scope for new additional functionality for Rel-9.


2.2 Hybrid cell deployment:
In order to know what mobility (if any) is required for hybrid cell support we need to look at Hybrid cell deployment scenarios and identify in which cases specific mobility is required to draw UEs to Hybrid cells. 
Note: In the planned case the hybrid is in a contiguous layer and open cells are its neighbours, that is there is no overlapping coverage between an open or a hybrid cell (or between hybrid cells).

Note: In the unplanned case the hybrid is in the middle of open cell coverage and there will be overlapping coverage with other hybrid cells. 

Some analysis given as follows (Note: We do not consider hybrid deployment in a dedicated layer):
	
	Planned Layer
	Unplanned Layer

	Isolated Hybrid
	a) Using best cell criteria with Qoffset within the frequency layer should be sufficient to keep mobiles in the hybrid.
	b) It will be difficult to keep mobiles on the hybrid cell. The use of Qoffset may in the end cause interference to the macro cell.

	Multiple coverage Hybrids in different layers
	c) Using dedicated priority per a frequency layer should maintain different portions of the UE population between the Hybrids in different areas.
	d) Having Hybrid cells as equal priority and having the UEs select based on best cell is most probably the best strategy in this case. It will mean that there will be many inter frequency, intra frequency and inter hybrid cell reselections.


It seems that situations where multiple hybrid coverage should be avoided and hybrids are more or less planned where there is no other coverage (or it is very isolated) or it is integrated into a cell layer.
Proposal 1: Hybrid cell mobility is optimised for case a), b) & c).

We have identified a single use case where existing mechanisms do not allow Hybrid cell reselection and that is the use case where the UE is camped on an open cell where there is also coverage of a Hybrid cell available. In this case do we wish to draw mobiles onto the cell from another layer? If however the cell was deployed for interference purposes we do not believe that we would not want to do this.

Proposal 2: RAN2 to decide whether we would like UEs to actually search for hybrid cells when camped on an Open cell.

Proposal 2bis: RAN2 to decide whether to disable reselection to a hybrid cell if the cell was deployed for interference purposes.
3. Conclusion
Proposal 1: Hybrid cells mobility is designed for case a), b) & c).

Proposal 2: RAN2 to decide whether we would like UEs to actually search for hybrid cells when camped on an Open cell.

Proposal 2bis: RAN2 to decide whether to disable reselection to a hybrid cell in another layer if the cell was deployed for interference purposes.
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