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1 INTRODUCTION

This document discusses the current 3GPP specification of the virtual active set (VAS). It is Nokia’s belief that the specification is incomplete and makes several inferences that are not obvious from reading 25.331 and 25.133 independantly.
2 DISCUSSION

2.1 LIMITING THE NUMBER OF INTER-FREQUENCY MEASUREMENTS

The current 3GPP specification limits the number of inter-frequency measurements (that require VAS) the UE can support to just one per frequency and in most network implementations to just one, on one frequency. This is not stated anywhere in the specifications but can be derived from various chapters in 25.331 and 25.133.

2.2 There is only one virtual active set per frequency

The first point to make clear is that although it is not explicitly stated in 25.331, there is only one virtual active set per non-used frequency. There are several places in the specification that state this by the way the virtual active set is always referred to in the singular form “per non-used frequency”, and there is never any reference to a VAS associated with a particular measurement identity. The key sections where this applies are listed below.

· 10.3.7.22 specifies the inter-freq set update IE

· 14.2.0b specifies the calculation of the frequency quality estimate of a VAS

· 14.2.1 specifies the inter-frequency reporting events

· 14.11 specificies the update of a VAS on a non-used frequency

· 14.11.1 specifies the initialization of the VAS

· 14.11.2 specifies the adding/removing of cells to/from the VAS

A section that could be construed to mean a virtual active set associated with a measurement identity is in 14.11:

“For event-triggered inter frequency measurements it is possible to specify intra-frequency measurements reporting events for support of maintenance of an active set associated with a non-used frequency considered in that measurement, a "virtual active set" and used in the evaluation of the frequency quality estimates.”

The wording actually only refers to the measurement for the purposes of identifying which frequency the intra-frequency reporting criteria shall be applied to, to maintain a VAS. The reference to the measurement is not to identify which VAS on the non-used frequency, the reporting criteria are used for.

The same clause in 25.331 contains another paragraph on the same issue:

“The way the virtual active sets are initiated and updated for the non-used frequencies considered in an inter-frequency measurement is described in the two subclauses below, and depends on whether the IE "intra-frequency reporting criteria" is stored for the inter-frequency measurement or not”

However, this section only addresses the multiple non used frequencies. If other sections (see above) are taken into account, it should be clear that ‘VAS associated with a non used frequency’ would always result in one VAS per frequency.

The concept that there is only one VAS per non-used frequency is consistent with the intra-frequency model in which several different measurement identities can “share” the single active set. 25.331 10.3.7.22 refers to “the virtual active set associated with a non-used frequency”.

2.3 Initialisation of the VAS

25.331 8.6.7.14 states that the inter-freq-set-update IE is mandatory for all inter-freq measurements containing one or more of events 2A, 2B, 2C, 2E. 

Even if the inter-freq measurement is going to use signalled intra-req reporting criteria, 25.331 8.4.1.3 specifies that the inter-freq reporting criteria must be sent first, and the intra-freq reporting criteria sent in a subsequent modification to the measurement.

25.331 14.11.1 specificies the initialisation of the VAS. It states that for inter-freq reporting criteria that require VAS, the events 1A, 1B and 1C from the intra-freq measurement with the lowest measurement identity that contains an event 1A reporting criteria shall be applied. This “borrowing” will happen for every inter-freq measurement that contains the inter-freq-set-update IE, provided that event 1A exists for the intra-frequency measurement. Even if the inter-freq-set update specifies non-autonomous mode, the events will be borrowed.

Taken together, these three sections mean that every inter-freq measurement with events 2A, 2B, 2C, 2E will always borrow intra-freq reporting criteria if they exist.

Because 25.331 states that the intra-freq reporting criteria are borrowed from the measurement configuration with the lowest measurement identity at the time of configuration, this implies the borrowed reporting criteria must be copied not shared. Any subsequent modification to the intra-freq measurement does not affect the borrowed criteria used for VAS. Any subsequently configured inter-frequency measurement (with a different measurement identity) is not guaranteed to borrow the same intra-frequency reporting criteria.

This means that every inter-frequency measurement containing events 2A, 2B, 2C or 2E will copy its own set of intra-freq reporting criteria when the measurement is setup.

2.4 Limiting in the number of VAS reporting criteria

In 25.133 8.3.2 there is an explicit definition of the reporting criteria that is used to calculate the number of reporting criteria the UE can support…

“For event based reporting, each instance of event, with the same or different Event Identities, is counted as separate reporting criterion in Table 8.10.”
This definition reinforces the fact that the intra-frequency reporting criteria used for VAS maintenance are counted separately for each measurement that borrows them.

Table 8.10 in 25.133 8.3.2 limits the number of VAS reporting criteria the UE has to support to four.

Any system that includes all three of the borrowed intra-frequency events (1A, 1B, 1C) can only configure one inter-freq measurement that requires VAS. A second measurement would need to borrow the intra-freq reporting criteria again. This will entail adding another three VAS reporting criteria, taking it over the limit of four.

It is assumed that the UE will reject any measurement configuration that causes this limit to be exceeded. There is no case specified in 25.331 where the UE would accept a partial configuration of e.g. 1A and ignore 1B & 1C.
2.5 Maintenance of the VAS

25.331 14.11.2 states the actions on triggering events 1A, 1B, 1C. If two or more measurements are configured with events 2A, 2B, 2C or 2E and act on the same non-used frequency, the VAS initialization and modifications applied in one measurement will impact the other measurement. If both measurements try to modify the VAS, conflicts may arise.

The obvious solution is to let one measurement modify the VAS, and let one leave the VAS alone. We have already deduced that every inter-frequency measurement will borrow the intra-frequency reporting criteria (at least initially), so this scenario would need to be carefully sequenced. Either by limiting the intra-frequency measurements available to borrow or by limiting the signalled intra-frequency reporting criteria.

An example of limiting the intra-frequency measurements…

· Release all intra-frequency measurements containing 1A (or modify to remove event 1A)

· Setup inter-frequency measurement 1 (e.g. 2A) and non-autonomous mode

· Optionally setup intra-frequency measurement (1A, 1B, 1C)

· Set up inter-frequency measurement 2 (e.g. 2B) and UE-autonomous mode (with or without reporting)

· Either let measurement 2 use the borrowed events 1A, 1B, 1C or modify with the required events

An example of limiting the signalled inter-frequency reporting criteria…

· Setup intra-frequency measurement (1A, 1B, 1C)

· Setup inter-frequency measurement 1 (e.g. 2A) and non-autonomous mode

· Modify inter-frequency measurement 1 with a single intra-freq reporting criteria (e.g. 1D) this event will be ignored

· Set up inter-frequency measurement 2 (e.g. 2B) and UE-autonomous mode (with or without reporting)

· Either let measurement 2 use the borrowed events 1A, 1B, 1C or modify with the required events

Although either of these methods may be workable, it should be noted that there will be conflicts in the re-initialisation of the VAS if either one of the inter-frequency measurements is subsequently modified. Because of this, and the complexity of the signalling, it is proposed that a restriction is placed in 25.331 that prevents more than one inter-frequency measurement (configuring events 2A, 2B, 2C or 2E) be configured for any one non-used frequency. This will keep the initialisation and maintenance of the VAS within the control of one measurement.

Note that it would also be possible to increase the limit on the number of VAS reporting criteria from four to six. This would ease the signalling complexity, but would not remove the potential conflicts between measurements modifying the same VAS.

2.6 Limit on the number of non-used frequencies that can be measured

25.331 8.6.7.14 only permits one frequency to be measured if the inter-freq-set-update IE is received in the measurement control for an inter-frequency measurement and the UE autonomous update mode is “On” or “Off”. If this is combined with the other restrictions in 25.331 and 25.133 discussed earlier, we can see that for these modes, it will be difficult to setup two inter-frequency measurements on different frequencies without violating the limit of four VAS reporting criteria.

Similar workarounds as above could be applied by careful sequencing of the measurement control messages and limiting the intra-frequency reporting criteria. For the same reasons as above, these are considered counter-productive.  One solution is to increase the limit on the number of VAS intra-frequency reporting criteria to six. Another solution is to use UE autonomous mode with no reporting.

Note that increasing the VAS reporting criteria limit to six, decreases the number of reporting criteria available for intra-freq, inter-freq and inter-RAT reporting criteria. This is because 25.133 8.3.2 specifies that the maximum total reporting criteria for all these types is 18.

If the UE autonomous mode is “On with no reporting”, it is possible to configure a single inter-frequency measurement that considers two non-used frequencies. Each frequency will have its own VAS, and they will be maintained by the same reporting criteria. In this case, each borrowed or signaled intra-frequency reporting criteria is applied to both frequencies independently, but only counts as one reporting criteria for the purposes of checking table 8.10 in 25.133.

2.7 Actions when a cell can no longer be measured

25.331 14.11.2 states…

If none of the cells that are considered in the measurement on this frequency were measured, the UE may treat the virtual active set as empty and follow the appropriate initialisation procedured in subclause 14.11.1 when any relevant cell can first be measured.

This statement causes problems with UE autonomous mode, because there is no event sent to the network to indicate that the VAS has changed if a cell can no longer be measured. It is proposed to remove this statement and replace it with a statement to the effect that the UE can treat any cell that cannot be measured as having the minimum EcNo/RSCP and maximum pathloss. This means that the appropriate event will be sent when a new, better cell has been found and measured.

Removing this statement leaves open the actions the UE should take on initialization of the VAS if there are no cells available to be measured at the time the measurement is configured. It is proposed to add to 14.11.1 the statement that the UE shall initiliase the VAS according to these instructions when the first cell available can be measured.

2.8 Actions on deleting a measurement or inter-frequency cell

In the present specification there is no instruction on what to do to the VAS when a measurement controlling the VAS is released, or when a cell in the VAS is removed from the inter-frequency cell-info-list.

It is proposed that when the measurement controlling the VAS is released (Assuming it is accepted that we can restrict such measurements to one per non-used frequency), the virtual active set is emptied.

There are three problems to be overcome when a VAS cell is deleted from the cell-info-list

· How to modify the VAS

· Whether to indicate to the NW that the VAS has changed

· What to do if there are no more cells in the VAS

It is proposed that when the NW removes a cell from the cell-info-list that is in the VAS, the UE will remove that cell from the VAS with the following qualifications…

· If the UE is in autonomous update mode with no reporting, the cell is removed from the VAS

· If the UE is in autonomous update mode, the  UE may not send an event to indicate that the VAS has changed

· If the UE is in non-autonomous mode the Ue may not send an event to indicate that the VAS should change

To overcome the third problem of what to do if the VAS is now empty, it is proposed to add a statement to the effect that the UE may re-initialise the VAS when the next inter-freq cell is available to be measured. Although this is effectively adding back in the statement we propose to remove (see 2.7), it will only apply to the case when the NW has removed a VAS cell from the cell-info-list. In this case, the NW should be aware that the cell was in the VAS, and there should be no confusion about the VAS contents. It should be noted though, that the NW may have to cope with some signaling crossover if the UE is in autonomous mode. (e.g. NW removes cell 1 from the cell info list at the same time as UE reports event 1A for cell 1).
3 CONCLUSION

Based on the points discussed in section 2, the proposal consists of three points: 

1. Limit to one measurement identity that includes the IE inter-frequency set update (i.e. Only one measurement that  initializes and maintains VAS) per non-used frequency.

2. Add specification to delete the VAS on deleting the sole measurement that controls that VAS

3. Add specification to delete a cell from the VAS if it is removed from the inter-freq cell info list.

If these points are agreed, Nokia volunteers to provide the necessary CRs.

