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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 [2]. 
At RAN2#69bis it was agreed that it should be possible to configure an event trigger for inter-frequency CSG measurements, and that the event trigger should be based on a CSG specific virtual active set (CSG VAS), which is maintained in addition to the existing VAS. 

There were 2 options further discussed in RAN2#70 [3], of how the CSG VAS should be maintained and how it should work with the CSG event trigger 
Option A: Maintain CSG VAS, as per legacy VAS (and set W=0)

Option B: Maintain CSG VAS, by using VAS size = 1 (N=1) and restarting event 2x time-to-trigger

Most/all companies saw the benefits of option B over option A since option A has 2 problems of false triggering which are overcome with option B. 

Therefore it was seen beneficial to both set N=1 (active set size = 1) and reset the TTT (time to trigger) when the VAS is updated. However, some companies wanted to further check whether similar behaviour could be achieved by way of NW configuration, using existing measurement configuration. This also left the question open of whether to use intra-frequency event 1a or event 1c for VAS update.
2
Discussion
In order to achieve the desired behaviour, we must initialise the virtual active set with size = 1, and reset TTT on virtual active set update (best cell change).

Resetting of TTT
Regardless of the choice of intra-freq event used, and regardless of how the VAS N=1 initialisation is realised, we need to define the UE behaviour to reset Event 2x TTT to avoid the problem described in figure 1. 
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Figure 1: False trigger caused by best cell change during event 2x TTT

There is currently no such UE behaviour for the existing inter-freq event/VAS handling, so it needs to be defined for all applicable inter-frequency events.
Proposal 1: Define UE behaviour, applicable only when CSG VAS is used for inter-frequency event evaluation, to reset inter-frequency event TTT when the best cell changes
VAS Initialisation (N=1)
By setting N=1 we can automatically utilise the intra-frequency hysteresis and TTT to apply to best cell change, this avoids the problem described in figure 2 which can apply by setting W=0 only (with W=0 the hysteresis and TTT isn’t used to evaluate when the best cell changes). 


[image: image2]
Figure 2: setting N=1
There are 2 possible ways to initialise VAS size to 1

1. By configuration (Event 1a only)
There are 2 problems with this approach: 

Problem 1: “Reporting deactivation threshold”
2>
if event 1a is configured for the used frequency in an intra-frequency measurement:
3>
include in the initial virtual active set the Ni cells that have either the greatest downlink Ec/N0 or the greatest downlink RSCP after despreading or the lowest pathloss (the measurement quantity to be used is determined by the IE "intra-frequency measurement quantity" of the intra-frequency measurement from which the event 1a configuration is taken), among the cells on frequency Fi considered in that inter-frequency measurement, where:
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where:


N1a is the "Reporting deactivation threshold" included in the intra-frequency measurement for the first event 1a defined in the intra-frequency measurement with the lowest identity at the time the inter-frequency measurement was received with the IE "Inter-frequency set update" present.


NCells Fi is the number of cells on frequency Fi considered in that inter-frequency measurement.

2>
else:
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where:


NCells Fi is the number of cells on frequency Fi considered in that inter-frequency measurement.

NOTE1:
The UE initialises the virtual active set with up to the maximum number of inter-frequency cells supported by the UE as defined in [19].

If event 1a is used to configure the VAS:
The parameter "Reporting deactivation threshold" is not only used to initialise virtual active set size, it’s also used to determine whether the UE should continue event 1a evalution:

1>
if event 1a is applicable to the non-used frequencies considered in the inter-frequency measurement, always only consider monitored cells that are not in the virtual active set for this event, and:

2>
when this event is triggered (according to the criteria described in subclause 14.1.2.1) by a cell for a non-used frequency considered in that measurement:

3>
if the "Reporting deactivation threshold" is equal to 0, or if the "Reporting deactivation threshold" is different from 0 and the number of cells included in the virtual active set for that frequency is less than or equal to the "Reporting deactivation threshold":

4>
add the primary CPICH that enters the reporting range to the "virtual active set".

This means that if “Reporting deactivation threshold” is set to 1, and there is already 1 cell in the virtual active set, then the new cell entering the reporting range will not be added to the virtual active set unless it is the best cell (better than the cell currently in the active set. This is not guaranteed unless we not only set Reporting deactivation threshold to 1, but also set the reporting range to 0 (cell only enters the reporting range when it becomes better than the active cell in the VAS)
If event 1c is used to configure the VAS:
Then VAS size initialisation depends on the number of detected cells/maximum supported (i.e. cannot be limited to 1 without hard-coding)

This means that even when trying to re-use the NW configuration, we need to explicity set “Reporting deactivation threshold” to 0 in the UE setup when configuring CSG VAS.

Problem 2: Network configuration
Clearly, it’s not desirable for the NW to have to modify the existing event 1a configuration as this affects the existing macro NW mobility configuration, and this could have unpredictable or undesirable side-effects. If reporting deactivation threshold is set to 1, and reporting range is set to 0 – event 1a cannot be used any more for correct evaluation of the intra-frequency active set used for soft handover.

Therefore it would be necessary to change the way that the UE handles event 1a – NW needs to provide a separate event 1a configuration specifically for use with CSG VAS, which results in additional NW configuration complexity, and new behaviour needs to be added to the UE in order to choose and configure the correct event 1a parameters for this specific case, separately from the VAS case and the intra-frequency case (e.g. use 2nd event 1a configuration in the list for CSG VAS, and use 1st for VAS)
 -> additional complexity on NW and UE. 

2. By Hard-coding

It’s possible to add the new condition to VAS initialisation as described in [4]
2>
else if the virtual active set is used for evaluating cells in CELL_INFO_CSG_LIST and event 1c is configured for the used frequency in an intra-frequency measurement:

3>
include in the initial virtual active set 1 cell that has either the greatest downlink Ec/N0 or the greatest downlink RSCP after despreading or the lowest pathloss (the measurement quantity to be used is determined by the IE "intra-frequency measurement quantity" of the intra-frequency measurement from which the event 1c configuration is taken), among the cells on frequency Fi  in CELL_INFO_CSG_LIST.
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In addition to setting N=1, we need to also set “reporting deactivation threshold” to 0 (always update VAS with cell triggering the event), and in the case of using event 1a also set “reporting range” to 0. 

By setting reporting range to 0 for event 1a, we are emulating the behaviour of event 1c. Use of the event 1c has the advantage that we need to only hard-code 2 parameters, when compared to hard-coding 3 parameters for use of event 1a. 

By hard coding either 2 or 3 parameters, we have the advantages:

1. Less UE complexity: We don’t need to define new behaviour to receive and store separately multiple event 1a configurations from the NW for use in different scenarios.

2. Less NW complexity: We don’t need to provide new event 1a configurations – existing setup can be used. 

In conclusion, it’s clear that whichever approach is taken, we will need to define new UE behaviour to handle the new CSG VAS. Existing configuration cannot be used, without adding new handling for the UE to receive and utilise the new configuration + the NW must implement new configurations on top of what is sent already. We believe that it is far simpler from UE and NW point of view, that the UE initialises the 2 or 3 parameters to a fixed value to achieve the desired behaviour. We have a slight preference for event 1c rather than set the additional parameter in event 1a to behave like event 1c. 

Proposal 2: Use event 1c, and UE initialises N=1 and “Reporting Deactivation threshold” =0 based on the existing event 1c configuration in order to configure the CSG VAS handling.

4
Conclusion
In this contribution we have discussed the ways in which the CSG VAS can be configured with the desired behaviour. 
We have shown that by attempting to use the existing configuration is not possible, without introducing additional handling from NW and from UE. 

We believe that specifying some explicit parameter initialisation by the UE is simpler for UE, simpler for NW, and has less impact to the specification while and achieving the desired behaviour. 

Proposal 1: Define UE behaviour, applicable only when CSG VAS is used for inter-frequency event evaluation, to reset inter-frequency event TTT when the best cell changes
Proposal 2: Use event 1c, and UE initialises N=1 and “Reporting Deactivation threshold” =0 based on the existing event 1c configuration in order to configure the CSG VAS handling.
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by applying hysteresis and TTT, best cell change is only triggered when the correct conditions are met
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