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1
Introduction
This document outlines a simple approach whereby measurements and measurement reporting can be set up for CSG cells, while leaving existing measurement event configuration and neighbour cell list management untouched. 
2
Handover preparation

2.1
Cells to report

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).
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 management untouched.  
This will allow CSG cells to be searched as part of UE autonomous search implementation, and remain outside of the limitations set by RAN4 preformance requirements (whereby only up to 32 cells are required to be monitored).
This also allows existing mesurements set up with configurations designed for triggering macro NW events from being wrongly triggered by CSG cells (e.g. if CSG cells were part of the monitored set for all measurements), and prevents cells in the monitored set from wrongly triggering CSG specific events. 
In order to achieve this it is proposed: 

Proposal 1: A new category of cell is defined which the UE is required to monitor when configured by the network for CSG events – “CSG set cells”
Proposal 1a: CSG set cells are configurable to be one of 

a. CSG PSC Range from system information

b. CSG PSC Range given in Measurement Control message

Proposal 1b: Reporting of measurements on “detected set cells” (cells outside of the CELL_INFO_LIST, but detected by the UE) is extended to apply to CSG measurements (including inter-freq) in order that the NW can configure CSG measurements without a specific range (e.g. if all PSC outside of the neighbour list are CSG cells)

Beginning of Text Proposal
The UE shall support a number of measurements running in parallel as specified in [19] and [20]. The UE shall also support that each measurement is controlled and reported independently of every other measurement.

Cells that the UE is monitoring are grouped in the UE into four mutually exclusive categories:

1.
Cells, which belong to the active set. User information is sent from all these cells. In FDD, the cells in the active set are involved in soft handover. In TDD the active set always comprises one cell only. The UE shall only consider active set cells included in the variable CELL_INFO_LIST for measurement; i.e. active set cells not included in the CELL_INFO_LIST shall not be considered in any event evaluation and measurement reporting.

2.
Cells, which are not included in the active set, but are included in the CELL_INFO_LIST belong to the monitored set.
3.
Cells detected by the UE, which are neither in the CELL_INFO_LIST nor in the active set belong to the detected set. Reporting of measurements of the detected set is only applicable to intra-frequency measurements made by UEs in CELL_DCH state, and to CSG measurements made by UEs in CELL_DCH state.
4.
Cells detected by the UE, which are in the CSG PSC Range belong to the CSG set. Reporting of measurements of the CSG set is only applicable to CSG measurements made by UEs in CELL_DCH state.
End of Text Proposal
2.1
Intra-frequency CSG cell handover evaluation
Currently available intra-frequency event triggers are as follows:

Reporting event 1A: A Primary CPICH enters the reporting range

Reporting event 1B: A primary CPICH leaves the reporting range

Reporting event 1C: A non-active primary CPICH becomes better than an active primary CPICH

Reporting event 1D: Change of best cell

Reporting event 1E: A Primary CPICH becomes better than an absolute threshold

Reporting event 1F: A Primary CPICH becomes worse than an absolute threshold

Reporting event 1J: A non-active E-DCH but active DCH primary CPICH becomes better than an active E-DCH primary CPICH

From the events above, only events 1C and 1D appear to be candidates. In order to become a good candidate cell for handover, the CSG cell would need to become the best on the frequency, therefore threshold based events seem to be unsuitable. Reporting event 1C informs when a non-active cell becomes better than an active set cell, and event 1D is will inform when the best cell changes.
In order to avoid modifying the existing events, and since CSG events need to also be capable of triggering CSG cell SIB reading, or in the case that SIB reading is not configured by the NW then the CSG event needs to be capable of indicating proximity to a home CSG cell, it’s proposed :
Proposal 2: Create a new intra-frequency event, specific to CSG cell reporting (CSG set cells). 
Reporting event 1x: A CSG cell becomes the best cell
Configuration: 

· CSG PSC range (from SIB, or new range configured, or set to all detected set cells)
· Hysteresis, Offset (TBD)
· Automatic SIB reporting on/off

Report:

· Event identity. Same as existing measurement reports.
· PSC (always). UE reports PSC of CSG cells triggering the event. 
· RSCP / Ec/Io of detected cells. Same as existing intra-frequency measurement report.
· Proximity indicator. UE sets this for specific reported PSCs when automatic SIB reading is not enabled, to indicate the cell may be UEs home cell.
· Cell Identity (when enabled). UE reports this for cells which match CSG ID. 
· CSG ID (when enabled). UE reports this for cells which match CSG ID. 
2.2
Inter-frequency CSG cell handover evaluation
Currently available inter-frequency event triggers are as follows:

Event 2a: Change of best frequency.

Event 2b: The estimated quality of the currently used frequency is below a certain threshold and the estimated quality of a non-used frequency is above a certain threshold.

Event 2c: The estimated quality of a non-used frequency is above a certain threshold

Event 2d: The estimated quality of the currently used frequency is below a certain threshold

Event 2e: The estimated quality of a non-used frequency is below a certain threshold

Event 2 f: The estimated quality of the currently used frequency is above a certain threshold

From the events above, all can only trigger on a “per frequency” basis. In order to become a good candidate cell for handover, the CSG cell would need to become the best on the frequency, therefore threshold based events seem to be unsuitable. Reporting event 2A informs when the best frequency changes, however this is not relevant for CSG inbound mobility, since the home CSG cell needs to be the best on it’s frequency irrespective of the level of the current frequency. 
In order to avoid modifying the existing events, since there are no existing inter-frequency measurements capable of providing the relevant trigger per cell, and since CSG events need to also be capable of triggering CSG cell SIB reading and indicating proximity to a home CSG cell, it’s proposed:

Proposal 3: Create a new inter-frequency event, specific to CSG cell reporting (CSG set cells). 
Reporting event 2x: A CSG cell becomes the best cell on the frequency
Configuration: 

· Frequency(ies) + CSG PSC range (from SIB, or new range configured, or set to all detected set cells)

· Hysteresis, Offset (TBD)
· Automatic SIB reporting on/off

Report:

· Event identity. Same as existing measurement reports.
· PSC (when available). UE reports PSC of CSG cells triggering the event. 
· RSCP / Ec/Io of detected cells. Same as existing intra-frequency measurement report.
· Proximity indicator. UE sets this for specific reported PSCs, to indicate the cell may be UEs home cell. UE can also set this if inter-frequency measurement requires compressed mode, and UE detects proximity to the home cell while compessed mode is not active (measurement report will contain proximity indication but no detected PSC). UE can also use this to indicate CSG ID match after SIB acquisition.
· Cell Identity (when available). UE reports this for cells which match CSG ID. UE may obtain this information autonomously, depending on capability, or the UE shall obtain this on request from the NW by creating a gap in Tx/Rx on the source cell. 
· CSG ID (when available). UE reports this for cells which match CSG ID. 
Example inter-frequency procedure: 

1. UE detects proximity to inter-frequency CSG cell. UE sends report to NW including “proximity indicator”

2. NW enables compressed mode

NOTE: Steps 1 and 2 not needed for a UE not requiring compressed mode. 

3. UE detects PSC of possible home cell candidate. UE sends report to NW including PSC + “proximity indicator”

4. NW indicates to UE that it can create a SIB acquisition gap

NOTE: Steps 3 and 4 may be avoided by the UE if it is capable to autonomously read target cell system information without interruption to the ongoing service. (i.e. if UE already has the Cell Identity + CSG ID, it may report this already)

5. UE reads SIB of the target CSG cell

6. UE sends report containing PSC, CSG ID, Cell Identity. Proximity indicator can be set here to indicate CSG ID match. 

4
Conclusion
In this document we have proposed a simple, yet complete solution in order to achieve mobility in CELL_DCH state to UTRA CSG cells. 
CSG neighbour management is kept as an independent feature to macro NW neighbour list management by introduction of a new “triggering condition” = “CSG set cells”. 

Some simple new events are proposed to keep impact to the existing mobility at a minimum, while providing an effective and flexible method for the UE to report at the various stages of CSG cell identification. Proximity indicator coupled with the other information reported by the UE to provide a level of confidence to the NW that the UE is near it’s home cell.
Proposal 1: A new category of cell is defined which the UE is required to monitor when configured by the network for CSG events – “CSG set cells”
Proposal 1a: CSG set cells are configurable to be one of 

c. CSG PSC Range from system information

d. CSG PSC Range given in Measurement Control message

Proposal 1b: Reporting of measurements on “detected set cells” (cells outside of the CELL_INFO_LIST, but detected by the UE) is extended to apply to CSG measurements (including inter-freq) in order that the NW can configure CSG measurements without a specific range (e.g. if all PSC outside of the neighbour list are CSG cells)

Proposal 2: Create a new intra-frequency event, specific to CSG cell reporting (CSG set cells). 
Reporting event 1x: A CSG cell becomes the best cell
Proposal 3: Create a new inter-frequency event, specific to CSG cell reporting (CSG set cells). 
Reporting event 2x: A CSG cell becomes the best cell on the frequency
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