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1 Introduction
The drivers for handover from macro cells to CSG cells and hybrid cells are different from those for handover between macro cells. If the target cell is a CSG cell or a hybrid cell of which the UE is a member, it is necessary to preferentially handover the UE to the target cell. Otherwise, if the target cell is a hybrid cell of which the UE is not a member, preferential handover to the target cell is not needed and should not be performed. Of course, if the target cell is a CSG cell of which the UE is not a member, handover to the target cell should not be attempted.
Below we consider what measurements are needed to facilitate the above handovers.
2 Discussion
 CSG cells and hybrid cells have the following use-cases that distinguish them from macro cells:

1. They have a wired backhaul. This allows network operators to offload traffic from the macro network.

2. Specialized services which are not available through the macro network may be available to a users through their CSG cells or hybrid cells of which they are members (examples of such services include (a) high bandwidth applications such as mobile tv, (b) within-the-house streaming services such as music streaming, and (c) user configured applications such as security monitoring).

3. Users may have preferred plans on their CSG cells or hybrid cells of which they are members (e.g., lower rates for calls and services through the CSG cell).

Based on these use cases the radio conditions where a UE needs to be handed over to a CSG cell or a hybrid cell can be different from the radio conditions where the UE needs to be handed over to another macro cell. For example, it may be necessary to handover a UE to a CSG cell even if the macro cell signal is adequate. The same is true for a hybrid cell if the UE is a member of the hybrid cell. The CSG cell/hybrid cell may be on the same frequency as the serving cell or a different frequency.
Handover decisions are primarily done within the network with assistance from the UE in the form of measurements. For instance, measurement event A3 allows the UE to send a measurement report to the network indicating that a particular neighbor cell is better than the serving cell by an offset. The network can prepare the neighbor cell and handover the UE. A network would normally set the threshold to enable reporting for handover between macro cells. This threshold is unlikely to trigger the measurement event when the UE is near a CSG cell to which it should be handed over. 
Measurement event A4 (reporting when a neighbor cell is better than an absolute threshold) to enable reporting of all neighbor cells including CSG and hybrid cells. However, this would mean excessive measurement reporting by the UE – most of the time neighboring macro cells would be reported.
Therefore we consider how measurements can be triggered for the scenarios mentioned above.

2.1 Handover to an allowed CSG cell or a hybrid cell of which the UE is a member
It is necessary to separate measurement events for reporting of CSG cells so that excessive measurement reporting of macro cells is avoided. Also a different offset is needed for reporting of CSG cells, so that the different criteria for handover to CSG cells can be used (for example to allow a handover to a CSG cell that is weaker than the serving cell). 
In order to enable this we propose to define a measurement event that applies to CSG cells only. The measurement event is similar to event A3, but applies only to CSG cells. That is, the event is defined as “Neighbor CSG cell becomes offset better than serving”. A UE that detects a CSG cell first uses a fingerprint to determine whether the CSG cell may be an allowed CSG cell. If the fingerprint matches and if the event condition is met, UE triggers a measurement report..
Proposal 1a: A measurement event “Neighbor CSG cell becomes offset better than serving” can be configured in a UE to enable reporting of CSG cells.
Proposal 1b: A UE that detects a CSG cell

· Determines whether the CSG cell may be an allowed CSG cell based on a fingerprint.

· If the fingerprint matches, and if the detected CSG cell is better than the serving cell by the offset, the UE sends a measurement report.
The same principle can be applied to reporting of hybrid cells of which the UE is a member. The difference from the CSG cell case is that the UE may not be able to know from the PCID whether a particular cell is a hybrid cell (assuming hybrid cells do not have a separate PCID range). In this case, based on a fingerprint match and criteria for the event described above being satisfied, UE can send a measurement report. The fingerprint can have an associated stored PCID, which can be matched to the detected PCID to minimize unnecessary measurement reports of macro cells. Alternatively, if the UE is able to acquire SIB1 of the detected cell and determine that it is a hybrid cell of which the UE is a member, it can trigger a measurement report.
Proposal 2a: A measurement event ‘Neighbor hybrid cell becomes offset better than serving” can be configured in a UE to enable reporting of hybrid cells (this event can be the same as the one for CSG cells in Proposal 1a).

Proposal 2b: A UE that detects a non-CSG cell
· Determines whether the non-CSG cell may be a hybrid cell of which the UE is a member, based on a fingerprint.
· If the fingerprint matches, and if the detected non-CSG cell is better than the serving cell by the offset, the UE sends a measurement report.
2.2 Handover to a hybrid cell of which the UE is not a member
If a detected cell is a hybrid cell of which the UE is not a member, handover to such a cell should not be prioritized over remaining connected to the serving cell. In this case, one approach could be to handover the UE to a hybrid cell when the hybrid cell becomes better than the serving cell. However, such an approach can lead to excessive handovers and can unnecessarily burden the macro network with handover signaling. For example, if the UE is moving past a collection of hybrid cells, UE would be handed over to each one of them for very short periods. The user does not see any benefit from such handovers, given that the UE is not a member of the hybrid cells. The macro network would need to perform a large number of handovers from macro cells to hybrid cells and from hybrid cells to macro cells (several UEs in the vicinity of the hybrid cell could rapidly go through the following sequence of handovers: macro cell ( hybrid cell 1 ( macro cell ( hybrid cell 2 ( macro cell ( ….). 
In order to avoid such excessive handovers, it would be better to keep the UE connected to the macro cell until it is absolutely essential to handover to a hybrid cell. One possibility is for the network to simply not handover the UE to the hybrid cell even if the hybrid cell is stronger than the serving cell, or wait until the hybrid cell is better than the serving cell by an offset. However, such approaches could cause an RLF due to rapid changes in interference (e.g., UE enters the building where the hybrid cell is located). 
Therefore in order to avoid excessive handovers while still preventing RLFs, we think it is useful to have a measurement event based on the RLF threshold. We propose to have a measurement event “Serving cell better than RLF threshold by less than offset and intra-frequency neighbor cell better than absolute threshold.” This event allows a measurement report to be triggered when UE is getting close to RLF conditions and there is a neighbor cell available. 
Proposal 3: A measurement event ‘Serving cell better than RLF threshold by less than offset and intra-frequency neighbor cell better than threshold’ can be configured in the UE.
2.3 Non-allowed CSG cell
If a detected cell is a CSG cell of which the UE is not a member, UE cannot be handed over to such a cell. The interference from the CSG cell can disrupt the link to the serving cell and cause an RLF. In such a situation, one option could be to handover the UE to another frequency or RAT as soon as the serving cell is no longer the best cell on the frequency. However, such inter-frequency handovers may be unnecessary in some situations. For example, if the UE is moving past a collection of CSG cells, UE could experience temporary interference from each one of them. Performing an inter-frequency or inter-RAT handover for such transient interference causes unnecessary handover signaling and can impact user experience. For example, UE may be moved from the preferred frequency/RAT to another frequency/RAT and remain there for an extended period. Also, a UE approaching its allowed CSG cell could first encounter a non-allowed CSG cell, which causes a handover to another frequency or RAT. Following that, a handover from the other frequency to the UE’s CSG cell may take much longer or may not even be possible. 
In order to avoid such unnecessary handovers, it would be better to keep the UE connected to the macro cell until it is absolutely essential to handover to the other frequency or RAT. Since the primary reason for the handover to the other frequency/RAT is to prevent an RLF on the serving cell, we think it is beneficial to have a measurement event based on the RLF condition and handover the UE when it is approaching RLF.
We propose to have a measurement event “Serving cell better than RLF threshold by less than offset and (inter-freq or inter-RAT) neighbor cell better than absolute threshold.” This event allows a measurement report to be triggered when UE is getting close to RLF conditions and there is a neighbor cell available.
Proposal 4: A measurement event ‘Serving cell better than RLF threshold by less than offset and inter-frequency or inter-RAT neighbor cell better than threshold’ can be configured in the UE.
3 Conclusion
We have analyzed the aspects in which handover from macro cells to CSG and hybrid cells is different from handover between macro cells. The following proposals have been made:
Proposal 1a: A measurement event ‘Neighbor CSG cell becomes offset better than serving’ can be configured in a UE to enable reporting of CSG cells.

Proposal 1b: A UE that detects a CSG cell

· Determines whether the CSG cell may be an allowed CSG cell based on a fingerprint.

· If the fingerprint matches, and if the detected CSG cell is better than the serving cell by the offset, the UE sends a measurement report.
Proposal 2a: A measurement event ‘Neighbor hybrid cell becomes offset better than serving” can be configured in a UE to enable reporting of hybrid cells (this event can be the same as the one for CSG cells in Proposal 1a).

Proposal 2b: A UE that detects a non-CSG cell

· Determines whether the non-CSG cell may be a hybrid cell of which the UE is a member, based on a fingerprint.

· If the fingerprint matches, and if the detected non-CSG cell is better than the serving cell by the offset, the UE sends a measurement report.
Proposal 3: A measurement event ‘Serving cell better than RLF threshold by less than offset and intra-frequency neighbor cell better than threshold’ can be configured in the UE.
Proposal 4: A measurement event ‘Serving cell better than RLF threshold by less than offset and inter-frequency or inter-RAT neighbor cell better than threshold’ can be configured in the UE.
RAN2 is requested to discuss the above details and agree on the above proposals.
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