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1
Introduction
The current baseline procedure for inter-frequency CSG/Hybrid cell measurement and measurement reporting requires that only periodic reporting can be used for the inter-frequency CSG handover evaluation phase [3]. This was due to some potential complications that would arise with maintaining the virtual active set (VAS) for event 1x measurements on CSG/Hybrid cells, in addition to the existing VAS for inter-freq measurements. 
At RAN2#69 it was left open/FFS whether or not the procedure can be further optimised by allowing the use of event-triggered reporting for inter-freq CSG set measurements, and whether the complications could be resolved or could be acceptable. 
This document provides some analysis of the benefits and drawbacks, should event-triggered reporting be used, discusses the alternative solutions, and proposes a way forward. 

2
Discussion
The current baseline procedure is simple - event triggered inter-frequency reporting cannot be used for inter-freq CSG set measurements + measurement reporting. This was to avoid uneccessary complication and unclarity how the VAS should be maintained for inter-frequency CSG events. This means currently, only periodic measurement reporting can be used. 
From [3]
2>
if the IE "CSG Inter frequency cell info" is received and the "report criteria" is set to "inter-frequency measurement reporting criteria":

3>
the UE behaviour is unspecified.
Alternative 1: Event trigger does not apply to Inter-frequency CSG measurements (current baseline)
Although it is fairly simple, there are a number of drawbacks with the above alternative. 

1) it means that the reporting of inter-frequency CSG cells must be performed on a periodic basis, and therefore it's likely that many unnecessary measurement reports will be sent ( from UEs indicating proximity, but not yet able to measure/detect an inter-frequency CSG cell within the periodic timer expiry ). 
2) A CSG cell detected during periodic measurement interval cannot be reported immediately, some additional delay is necessary to satisfy the periodic reporting rules. 

3) It's not clear how to choose suitable values for timer periodic and amount of reporting, in order to have a robust and efficient system. The values may depend on the HNB location in relation to the macro Node B, and on the specific deployment scenario. A worst case assumption would need to be made, in order that the configuration is suitable for all. 
In order to address these issues, clearly it would be beneficial to have the option to use event triggered reporting. It would allow a more efficient reporting configuration, reducing the amount of signalling and in some cases providing a quicker indication to the NW when the CSG cell is detected (measurement reports are sent only when the reporting criteria is met, and not before or later like with periodic reporting).
If we simply remove the restriction that event trigger cannot be configured for CSG inter-frequency, then we have the result: 
Alternative 2: Maintain VAS for CSG cells, as per legacy (i.e. maintain 2 VAS when CSG cells are configured)

The VAS is maintained using event triggered intra-frequency measurements configured for the used frequency so that UE can measure the quality of the non-used frequency as if UE performs soft handover on the non-used frequency [2].
The VAS mechanism doesn’t work for CSG measurement because UE won’t perform soft handover between CSG cells.
- If UE maintains the virtual active set based on multiple CSG cells, then the trigger may be affected by the non-best CSG cells satisfying the criteria. 

- UE should evaluate the measurement result of a single CSG cell instead of a group of cells.
- UE should report a measurement result only when the single CSG cell satisfies the inter-frequency measurement criteria for the given time period.
In order to address the CSG case, it is necessary to update the way VAS is handled  - it can be achieved if UE maintains a virtual active set, which includes only one cell. To maintain VAS, UE normally uses event 1a and 1b (cell enters/leaves the reporting range) with priority over event 1c (non-active cell becomes better than active cell). However, 1a and 1b are designed to add/remove cells to/from the active set.  If we are maintaining the VAS with only 1 cell, then event 1c is most suitable - it's designed to perform replacement of cells in the active set, and will always indicate the best CSG cell on the frequency (i.e. best cell from the range of cells considerd for measurement - CELL_INFO_CSG_LIST).
If a new cell not included in the VAS satisfies the following equation for a time period indicated by “Time to trigger” for event 1C, then the old cell in the VAS will be replaced by the new cell.

[image: image1.wmf]2

/

10

10

H

LogM

LogM

InVAS

new

+

³



The variables in the fomula are defined as follows;
MNew is the measurement result of the cell not included in the active set.
MInVAS is the measurement result of the cell in the virtual active set with the lowest measurement result.
H is the hysteresis parameter for the event.

In this way, UE can evaluate only one CSG cell for a certain time period. 
Not only this enables inter-frequency event triggered measurement, without uneccessary complicated VAS handling to add multiple cells in the active set, when we will not perform SHO between those cells - it also allows the event to trigger from a single (best) CSG cell on the frequency, which allows for more accurate and targeted event configuration in order that UE will send the measurement report only when the best CSG cell on the frequency meets the configured event trigger- - i.e. event does not unnecessarily trigger from non-best CSG cells or macro cell on the same frequency, and the best cell is maintained with the existing hysteresis and time to trigger. 

Alternative 3: Event 1c used with VAS size limited to 1 cell when inter-frequency CSG measurement is configured
With the above change only, it's possible that the inter-frequency event can be triggered too often, or that the event can be triggered by a non-best cell. 
This can happen when event 1c time-to-trigger (TTT) is configured to be shorter than event 2x TTT. Event 2x TTT is started when event 1c criteria is met (i.e. there is a new best cell after event 1c TTT). 

However if event 1c best cell changes again during the event 2x (e.g. if new cell is no longer best + the original cell is better again) then we still have an event 1c trigger - however it is not due to the cell that started event 2x TTT. 

[image: image2]Figure 1: Event 2c trigger based on CSG virtual active set

Figure 1 above shows what can potentially happen when event 2c is triggered based on the best CSG cell. Using a VAS size of 1. Once event 1c is triggered from Cell 1, the time-to-trigger for event 2c is started. However, if there is a subsequent change of best cell (and VAS updated  based on event 1c to contain Cell 2) - we still have a trigger for event 2c ( frequency remains above threshold ) and therefore TTT continues - however it is now due to a different cell. Event 2c can then be triggered when neither of the cells remain above the trigger threshold for long enough to satisfy event 2c time-to-trigger.

To overcome the issue, we can reset the inter-frequency event TTT whenever the best cell changes. This ensures that the best CSG cell must remain best for the duration of inter-freq TTT, and event isn't triggered due to frequently changing best cell. 

Alternative 4: As alternative 3. Additionally, Event 2x time-to-trigger is reset when VAS is updated with event 1c. 

Given the above analysis, there are clear benefits to allowing inter-frequency event trigger for CSG measurements, and with some simple changes to the VAS and TTT handling, we can allow for an efficient and accurate triggering of inter-frequency event trigger based on specific best CSG cells. 
Proposal: Adopt alternative 4 as a way forward. (Maintain VAS based on event 1c for CSG measurements with a single cell, and reset the inter-frequency event time-to-trigger when the cell in the VAS changes)
The draft CR for the above proposed changes is provided in [4]
4
Conclusion
In this contribution we have discussed the benefits of utilising an event trigger for inter-frequency CSG cell measurement and reporting. Additionally, we have discussed some problems arising with the current virtual active set handling, and have shown that some simple changes to the way VAS is handled when CSG cells are configured for measurement, allow for an efficient and accurate event trigger that can be used in order that the UE performs inter-frequency measurement reporting only on the best CSG cell on the frequency. 
Proposal: Adopt alternative 4 as a way forward. (Maintain VAS based on event 1c for CSG measurements with a single cell, and reset the inter-frequency event time-to-trigger when the cell in the VAS changes)
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