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1 Introduction
Handover to hybrid cells was discussed in RAN2#67 [1] and in the email discussion on LTE inbound mobility [2]. By definition a hybrid cell allows access to all UEs. However, hybrid cells broadcast a CSG ID. It is clear that if the CSG ID of a hybrid cell is in the UE’s allowed CSG list, the UE should treat the hybrid cell as an allowed CSG cell. Here we discuss the handover behavior when the CSG ID of the hybrid cell is not in the UE’s allowed CSG list.
2 Discussion
We first define a “preferred hybrid cell” as a hybrid cell whose CSG ID is in the UE’s allowed CSG list. In other words a preferred hybrid cell is a cell that transmits a CSG ID which is in the UE’s allowed CSG list. Thus a “non-preferred hybrid cell” is a cell that transmits a CSG ID which is not in the UE’s allowed CSG list.
Allowed CSG cells and Preferred hybrid cells are meant to be a user’s home/office base station or base stations in some frequently visited locations (e.g. stores, coffee shops, etc). The UE is expected to have fingerprints for such cells and handover to them is initiated based on a fingerprint match. 
On the other hand, non-preferred hybrid cells are not likely to be a user’s home/office base station or located in frequently visited locations. A UE cannot reasonably be expected to maintain fingerprints for such cells as there can be a very large number of them, a large majority of them unvisited by the UE. 
Consider a user walking down a street in a business district with a hybrid cell deployed roughly every 20 m. Assuming that the hybrid cells are non-preferred hybrid cells to the UE, and a walking speed of 3 km/hr:

· There can be a handover of the UE from the macro cell to a hybrid cell roughly every 24 seconds.
· Shortly after each handover from the macro to a hybrid cell, the UE is likely to be handed over back to the macro cell.

· Each handover to the hybrid cell involves acquisition of system information of the hybrid cell (which causes interruptions), and reporting of the system information (additional and larger measurement reports than the measurement reports assumed in release 8).
· Each handover to the hybrid cell involves handover signaling in the network. And since no direct X2 interface is assumed between eNBs and CSG/hybrid cells, all of the handover signaling impacts the S1 interface and the MME.
· The additional handovers increase the likelihood of handover failures. The resulting re-establishments further add to the interruption.
In spite of the issues mentioned, an operator may want to perform handovers to the non-preferred hybrid cells in the above scenario in some cases, and that should be possible. For example, handover of a UE to a supermarket hybrid cell can allow the supermarket to deliver advertising to the user, which in turn can generate revenue for the operator. However, in most situations we think the network would need to suppress or delay such handovers to non-preferred hybrid cells.
Proposal 1: It should be possible for the network to suppress handover of a UE to non-preferred hybrid cells.
Next we consider the issue of how such handovers can be suppressed. It has been suggested that the network has adequate tools to suppress such handovers.
One potential option could be the following: the network can configure measurement event A5 (“Serving cell becomes worse than threshold1 and neighbor cell becomes better than threshold2”) and use A5 measurement reports to perform handover to non-preferred hybrid cells. However, choosing appropriate values for threshold1 and threshold2 can be difficult. A low value of threshold1 can cause RLFs due to interference from the non-preferred hybrid cells (i.e. RLF occurs before serving cell drops far enough to trigger event A5); whereas a high or moderate value of threshold1 would result in unnecessary handovers to hybrid cells, especially at the periphery of the macro cell.
A second potential option is to simply not perform handovers or delay handovers to such non-preferred hybrid cells. However, this can lead to radio link failures due to interference, especially if the UE gets close to the hybrid cell (e.g., if the UE goes from an outdoor location to indoor and near the hybrid cell – there is a 10-15 db drop in the macro cell signal and simultaneously a big increase in the hybrid cell signal). 
Another potential option is to suppress such handovers based on the preference of the hybrid cell owner; i.e., for example based on the CSG ID of the hybrid cell. This has the same problems as the first option (i.e., there can be RLFs due to the handover suppression). But in addition, this requires the UE to acquire and report CSG IDs of the non-preferred hybrid cells, even if it will not be handed over to the hybrid cell. 
Yet another potential option is to use a higher handover offset for handover to non-preferred hybrid cells than the handover offset used for handover between macro cells. With this option it is difficult to determine the correct offset to choose. While one particular value of an offset can be adequate in a location where the macro cell signal is strong, the same offset may lead to RLFs in other locations.
In summary, it is not clear that there are tools available to the network to suppress such handovers. While specific solutions for suppression of such handovers may need further discussion, we propose that RAN2 first discuss the following:
Proposal 2: Additional mechanisms to support suppression of handovers to non-preferred hybrid cells may be necessary and should be investigated.
3 Conclusion
We have outlined the problems with performing handovers to non-preferred hybrid cells using the currently defined mechanisms for macro cells. The problems described can have a significant impact to both the UE and the network. We do not see a mechanism available to the network to suppress such handovers. RAN2 is requested to discuss the following proposals.
Proposal 1: It should be possible for the network to suppress handover of a UE to non-preferred hybrid cells.
Proposal 2: Additional mechanisms to support suppression of handovers to non-preferred hybrid cells may be necessary and should be investigated.
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