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1          Introduction

This document outlines a simple approach whereby measurements and measurement reporting can be set up for CSG/hybrid cells, while leaving existing measurement event configuration and neighbour cell list management untouched and still re-using existing specified event handling procedures to keep stage-3 impact to minimum. This document is based on the discussion in [1][2].
2         Discussion
2.1 
Inter-frequency case:

Existing 2x inter-frequency events can only trigger on a “per frequency” basis. In order to become a good candidate cell for handover, the CSG/hybrid cell would need to become a good cell on the frequency, therefore threshold based on the existing events seem to be unsuitable. For example, reporting event 2A informs when the best frequency changes, however this is not relevant for HNB inbound mobility, since the home cell needs to be a good cell on it’s frequency irrespective of the level of the current frequency.

To overcome the above problem, proximity indication (agreed by RAN2 [3]) by the UE which is triggered on a “per cell” basis, can be used to trigger compressed mode. 

Figure-1 illustrates an example of how periodic measurements along with the proximity indication by the UE can be used to handle inter-frequency inbound mobility to a member CSG/hybrid cell. The description of the steps is provided below:

1. UE sends a proximity indication (already agreed) [3] to the network when it is near its member CSG/hybrid cell, including the frequency the CSG is expected to be on, to request compressed mode gaps for measurement

2. UTRAN sends a MEASUREMENT CONTROL message (MCM) to the UE to enable a periodic measurement and provides the cells to measure on a frequency.

3. UTRAN configures the compressed mode gaps for measurement

4. UE measures the PSCs provided for each frequency by MCM in Step 2 using compressed mode gaps. 

5. UE reports the measured PSCs to the UTRAN in MEASUREMENT REPORT message (MRM) including an indication per PSC of whether the reported PSC is likely to belong to an allowed CSG cell.
6. If a PSC of a CSG/hybrid cell has been measured, the gaps for System Information (MIB and SIB3/4) reading can be initiated by UTRAN. It is FFS that whether these gaps would be autonomous or scheduled gaps.
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7. UE sends MRM with Cell Identity, the result of preliminary access check and other information.

8. UTRAN processes handover if the access check is successful

In case of inter-frequency inbound mobility to a non-member hybrid cell, proximity indication or Step 1 will be missing. However, this is not a problem since handover to a non-member hybrid cell will typically be for coverage reasons and not for the capacity offload. Thus, during the bad channel conditions, existing 2x inter-frequency triggers (based on frequency quality estimate) will be used and should be sufficient. This has also been agreed in RAN2 [3], that is:

“For non-member UEs of a hybrid cell, existing triggers are used for detecting the presence of that cell’s PSC.”

Moreover, the network is free to configure periodic measurements at anytime and thereby, support even the capacity offload to non-member hybrid cell (if desired).

Thus, proximity indication already agreed by RAN2 can be used for triggering inter-frequency handover to member CSG/hybrid cells and periodic measurement can be used along with UE’s proximity indication to obtain PSC measurements. 
Proposal-1a: Proximity Indication from the UE and periodic measurements are possible to allow UTRAN to trigger autonomous/scheduled gaps for inter-frequency inbound mobility to CSG/hybrid cells
Although the above mechanism makes it possible to trigger inter-frequency handover to CSG/hybrid cells, event triggered measurement reports would be more efficient and could be used to minimise the number of reports sent to the network (for example PSC may not be of suitably high quality to trigger handover when the measurement is configured). This periodic reporting mechanism can be improved further by allowing event based triggers. However, it is proposed that the work on introducing new events to optimize could start once the work assuming the above framework is complete, in Rel-9 before asn1 is frozen. 
Proposal-1b: New inter-frequency events for CSG/hybrid cells should be considered once the initial work (including Stage-3 work) assuming the above framework (i.e., using proximity indication and periodic measurements) is complete. 
2.2 
Intra-frequency case:
In general, the network makes handover decisions based on measurement report messages, configured by measurement control messages and/or system information. Existing intra-frequency measurement events are designed to work with UTRA neighbour cell list (CELL_INFO_LIST).

It is already agreed that for intra-frequency measurement configuration, the network can configure a range of PSCs (corresponding to CSG cells or cells suffering from PSC confusion). It is also understood that:

· the range of PSCs can exceed the 32 size limitation of CELL_INFO_LIST
· some of the PSCs in this PSC range could be part of CELL_INFO_LIST variable and other PSCs in this range could be outside CELL_INFO_LIST variable.

In order to avoid impacting the existing measurements, which are in general set up for triggering events related to macro NW mobility, it would be desirable to leave the existing CELL_INFO_LIST variable management untouched.  Thus, in order to achieve this, it is proposed that:
Proposal 2a: For a measurement related to HNB or both HNB & macro, the network can configure cells which the UE is required to monitor from a different set of cells. This set of cells (“Extended HNB set”) will include the cells present in the range of PSCs sent to the UE. This may include cells stored in CELL_INFO_LIST and/or cells not stored in CELL_INFO_LIST.
Proposal 2b: It shall be possible to configure a measurement to be restricted only to the cells from the “Extended HNB set”, or to also include “Monitored set”. “Cells for measurement” IE can be used if necessary to restrict this further (e.g. to cells only in the PSC range for which PSC confusion exists or to HNB cells in CELL_INFO_LIST where PSC confusion doesn’t exist, etc.)

Proposal 2c: New performance requirements for the UE to reliably measure cells in “Extended HNB set” should be discussed in RAN4. These requirements could be more relaxed than existing requirements on monitored set cells, and should not impact existing measurements for macro cells.
Proposal 3: Existing intra-frequency 1x events can be used with measurements configured for “Extended HNB set”
Whether or not it is beneficial to introduce new CSG specific events for intra-frequency can be discussed at a later date. 
3
Conclusion
Following proposals are made in this document:

Proposal-1a: Proximity Indication from the UE and the existing periodic measurements are possible to allow UTRAN to trigger autonomous/scheduled gaps for inter-frequency inbound mobility to CSG/hybrid cells
Proposal-1b: New inter-frequency events for CSG/hybrid cells should be considered once the initial work (including Stage-3 work) assuming the above framework (i.e., using proximity indication and periodic measurements) is complete. 

Proposal 2a: For a measurement related to HNB or both HNB & macro, the network can configure cells which the UE is required to monitor from a different set of cells. This set of cells (“Extended HNB set”) is formed of the cells present in the range of PSCs sent to the UE.This may include cells stored in CELL_INFO_LIST and/or cells not stored in CELL_INFO_LIST

Proposal 2b: It shall be possible to configure a measurement that is restricted only to the cells from the “Extended HNB set”, or to also include “Monitored set”. “Cells for measurement” IE can be used if necessary to restrict this further (e.g. to cells only in the PSC range for which PSC confusion exists or to HNB cells in CELL_INFO_LIST where PSC confusion doesn’t exist, etc.)
Proposal 2c: New performance requirements for the UE to reliably measure cells in “Extended HNB set” should be discussed in RAN4. These requirements could be more relaxed than existing requirements on monitored set cells, and should not impact existing measurements for macro cells.

Proposal 3: Existing intra-frequency 1x events can be used with measurements configured for cells in “Extended HNB set”
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