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Introduction

The new work item description was agreed in RAN#49 in  with the following objectives:

“

RAN2 should define signalling aspects related to cell-DCH configuration and operation of interfrequency detected set measurements, and result reporting.

RAN4 should update cell-DCH inter-frequency measurement performance requirements, considering both performance of NCL measurements when detected set inter-frequency measurements are additionally configured, and also the performance of detected set measurement reports.

”

This paper performs an analysis of the signalling impact (measurement control and report), and the measurement evaluation impact (inter-frequency measurement events, frequency quality estimate, and virtual active set maintenance) expected in order to support inter-frequency detected set cell reporting, in order to meet the objective of this work item.

Discussion

Several aspects of measurement control, report, and evaluation need to be considered in order to support detected set measurements for inter-frequency, and this is independent of actual performance requirements that need to be considered by RAN4 in [4]. [4]The actual number of cells and/or frequencies that can be reported by the UE, and under what conditions is an aspect that shouldn’t impact the decisions in RAN2. We will assume for now in this paper that the total number of cells reported by the UE will remain the same, regardless of whether these cells are detected set cells or monitored/active set cells and according to the RAN4 proposal in . 

Detected set measurements are already supported in the intra-frequency case, which provides some advantages when considering what changes are necessary in order to signal the control and report the results. However, one major difference between inter-frequency and inter-frequency is the existing measurement events and handling. Intra-frequency measurement events are cell based, i.e., an event is triggered when a cell (or cells) meet the criteria and so it is simple to allow detected set cells to trigger the event, whereas existing inter-frequency measurement events are frequency based (based on frequency quality estimate calculated by maintaining the virtual active set using only cells listed in the neighbour list) meaning that in order to accommodate detected set cells in measurement event handling, some changes would be needed in this respect, for which we believe there are several options, each with its own merits and disadvantages.

2.1 Enabling measured results for detected set cells

Neither the signalling required to enable detected set cell measurement, nor the signalling required to provide measured results should provide too many challenges for RAN2. 

Since it’s already possible to signal detected set cells to affect the reporting for intra-frequency, and the same IE is used to configure inter-frequency measurement, we believe that it is possible to achieve this without actual modification to asn1, however some update will be required to the IE name and description. 

MEASUREMENT CONTROL:

When configuring inter-frequency measurement using the IE defined in section 10.3.7.16 of , 3 options are provided for report criteria.

The first option is to use IE “Inter-frequency measurement reporting criteria” defined in section 10.3.7.19 and used for configuring inter-frequency measurement event triggered reporting already contains (optionally present) IE “Reporting Cell Status” defined in section 10.3.7.61 and defines which cells should be included in “Inter-frequency measured results list” defined in 10.3.7.15 when reporting the measurement event results. It should be noted that this does not currently affect which cells are considered when evaluating the virtual active set and hence does not affect the frequency quality estimate used for evaluating inter-frequency measurement events.

The second and third options are to specify “Periodical Reporting Criteria” or “No Reporting” (no reporting is used when an inter-frequency measurement is set up to provide additional measurement results when reporting another measurement based on event trigger or periodical reporting). For both of these options, in 10.3.7.16 it is already possible to provide the same IE described above (“Reporting Cell Status”). For event triggered report, the IE is included in a different place, however it is the same IE. 

So, for all 3 configuration options, the “Reporting Cell Status” is used to define what cells to report. This IE already provides options to include detected set cells on the used frequency (e.g. “Report cells within monitored set and/or detected set on used frequency”). 

Based on this, 2 options are possible:

1) In order to make it applicable to inter-frequency, the IE name and description needs to be modified to allow configuration of these values when provided in the inter-frequency report criteria. Of course this means to modify the meaning of parameters used by legacy networks and devices, so it perhaps not the cleanest approach even though we feel it’s quite safe and straightforward.

2) An alternative would be to create new values specifically for inter-frequency, however that would require some actual new asn1 coding. On one hand, to add completely new values would be a cleaner approach, however it adds some minor complexity to the asn1 encoding. 

Proposal 1: Modify “Reporting Cell Status” IE values and options to allow configuration whether detected set cells should be reported in inter-frequency measurements, by adding new values for reporting detected set cells on a non-used frequency.

MEASUREMENT REPORT:

Measurement report message already contains the necessary encoding and IEs in order that the UE can provide measured results for detected set cells. 

The IE “Measured Results” is provided in MEASUREMENT REPORT (as part of main report, or as part of “Additional Measured Results”). This UE has the option to provide “Inter-frequency measured results list” which is used under obvious circumstances. The “Cell measured results” provided in the list do not distinguish between detected set or monitored set cells – i.e. there is no need to change anything in actual signalling to allow detected set cells to be included in the list. Some procedural update only is needed to allow this, when configured by “Reporting Cell Status” and when measurements are available for detected set cells.

From a signalling point of view currently the UE can report up to 32 cells per frequency and we feel it’s highly unlikely RAN4 will require more than this (RAN4 requirement is currently 6 per frequency)

Proposal 2: No change required in signalling to include detected set cells in the “Inter-frequency measured results”

Conclusion: Only a very minor update to signalling is needed, with some relatively minor updates to procedural text and definitions are needed to enable detected set cells to be reported as part of measured results for event triggered, periodic triggered, and additional measurements.

2.2 Enabling measurement events for detected set cells

Although it is very simple to enable the reporting of detected set cells in periodic measurements and in measured results (both “main” measured results when triggered by the corresponding event and “additional” measured results according to the analysis in section 2.1), and this may be enough to cover some use-cases such as neighbour list optimisation based on detected PSCs - it’s unlikely to give the full benefits of the feature unless measurement events are updated in such a way that detected set cells can trigger an event – i.e., there’s no guarantee that a suitable detected set cell will be reported when it becomes a good candidate for handover.. Therefore the handover use-case is not suitably covered.

Without modification to the inter-frequency measurement event handling the reporting of detected set cells would rely on either:

A: periodic measurements

· periodic measurements can result in excessive unnecessary reporting to the NW,

· periodic measurements may not be sent quickly enough after the cell becomes of a suitable quality (the report is sent every N reporting period)

· compressed mode active – not optimal at cell edge, it is beneficial to keep compressed mode active for the shortest possible time.

B: monitored set cells to trigger the measurement event

· inter-frequency measurement event will only be triggered once monitored set cells (cell in the neighbour list) cause frequency quality estimate of a particular frequency to meet the event criteria. This means that even if there is a detected set cell that meets the event criteria (i.e., suitable handover candidate cell) it doesn’t mean a measurement report will be sent to the network to trigger handover. So the usefulness of this feature would be severely limited, many detected set cells would not be reported at the relevant time – depending on the specific NW deployment, some detected set cells would never be reported at a suitable time to perform a handover.

C: additional measured results

· similar problem to B, but even more unlikely that the cell will be reported to the NW at the correct time.

The following sub-sections provide some alternative ways in which measurement event handling could be updated to overcome the shortcomings of the existing virtual active set and inter-frequency event evaluation.

Option 1: Introduction of inter-frequency cell based events

One option to allow measurement report to be triggered when a detected set cell meets the criteria would be to mirror the existing intra-frequency events in the inter-frequency case. 

An example is shown below in figure 1. For the sake of simplicity, the parameters time to trigger, W, cell individual offset, Hysteresis (H2v) are set to 0. MBest is the measurement quantity of the best cell in the same non-used frequency, Mnew is the measurement quantity of the cell (detected cell, or could potentially be any cell) entering reporting range, and R2v is the reporting range.
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Figure 1: Reporting event 2V (based on 1A): A non-used frequency Primary CPICH enters the reporting range

Triggering condition: 
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Advantages:

· This would provide the advantage that the UE does not need to implement any change to the way in which inter-frequency events and virtual active set maintenance is handled, however obviously that is only an alternative to UE having to implement cell based events also for non-used frequency. Which of the 2 is easier for the UE is debatable, hence it’s not clear that this is a real advantage (see section 2.2.2). 

· The advantage to the network and the operator would be that a high level of control would be obtained. When the UE reports a 2x (mirror of 1x) event then the network has the choice of either

a) immediately perform handover to the cell triggering the event.

b) add the cell into the UE CELL_INFO_LIST using measurement control, so that the UE performs VAS maintenance including the new cell. This option could be used e.g. in soft handover evaluation case – and would mean that inter-frequency events remain untouched and would operate exactly as today. 

Disadvantages:

· Introduction of cell based events to the inter-frequency case, or extension of intra-frequency events to cover inter-frequency, would have significant impacts to the specification (both procedural and signalling) and given the short time to complete the work item in Rel-10 this could be quite a significant amount of work to achieve in the short amount of time.

· In the case of (a) above – it means that there would be additional signalling burden on the network (sending of measurement report for cell-based event, then measurement control to add into the neighbour list) and additionally this would delay the handover decision to the other frequency (frequency quality estimate with the new cell can’t be evaluated until neighbour list is updated)

· Would need to consume additional measurement identities in order to configure such events, which are already quite limited.

Option 2: Allow detected set cells to affect the virtual active set

This option in its simplest form would have quite a small impact to the specification and the UE behaviour. Virtual active set handling would need to simply be updated to allow any detected set cells (cells outside of the neighbour list) to be added to the virtual active set and hence affect the frequency quality estimate for the event evaluation. This would, however cause quite a large impact to the system. 

· Different behaviour between legacy UEs and Rel-10 UEs – inter-frequency measurement events sent under different circumstances.

· No way to distinguish whether detected set cell has caused the event trigger, or if the trigger was due to only cells in the neighbour list.

· No way to know whether the detected set cell causing event trigger belongs to the same network or not (e.g. in country border area) so the event could trigger under circumstances that are not desirable.

In order to overcome the above disadvantages, it should as a minimum be possible to enable/disable detected set cells from affecting the VAS. In addition, it would be beneficial for the UE to report in the measurement event reporting whether the event was triggered due to a detected set cell – this would mean that the UE needs to evaluate the inter-frequency events with and without detected set cell in order to provide the full advantages.

One possible way to achieve this would be to configure 2 measurements (2 measurement identities) with one configured as per the legacy measurement (i.e. no change from today’s configuration), and the other allowing detected set cells to affect the results. This would, however mean that both events under most circumstances would be triggered at the same time resulting in 2 measurement reports being set to the network each time. The network would know when detected set cells affect the result when only 1 measurement report is sent (from the event allowing detected set cell). This may cause difficulty at the network side, since the network would always need to wait for an arbitrary time to check whether or not 2 reports are sent (e.g. 1 may be delayed due to retransmissions). Another way to do this with 2 measurements would be to allow the 2nd measurement to trigger only when detected set cells affect the result. Technically this works, the only drawback is that twice as many measurement identities are required for inter-frequency measurements.
The alternative, which would overcome this issue, would be to combine these 2 events resulting in a single measurement report that indicates when detected set cells affect the result. The report would then be sent according to 2 different event trigger criteria (one as per legacy, on with indication that detected set triggers the event) as follows:

1- If the event trigger is met using VAS(legacy) then the event is triggered exactly as it would be if detected set cells were not found or were not supported – i.e., inclusion of detected set cells doesn’t affect the report. (see figure 2)

2- If the event trigger is not met using VAS(legacy), however inclusion of a detected set cell to the VAS causes the event trigger to be met, then UE should trigger the report indicating that a detected set cell affected the result.(see figure 3)
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Figure 2: Legacy VAS event trigger example (detected set cell doesn’t affect result)
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Figure 3: Detected set VAS event trigger example (detected set cell causes trigger / changes result)

When combined with the modified “Inter-frequency measured results list” discussed in section 2.1, the network has all the necessary information:

· Whether detected set cell has been measured (included in measured results)

· Whether detected set cell is the best cell (from measured results)

· Whether inclusion of detected set cell in VAS causes inter-frequency event to be triggered

· Whether detected set cell makes no difference to whether inter-frequency event is triggered. 

Additionally there would be the advantages:

· Legacy measurement reports would still be sent, under exactly the same conditions (not including detected set in the evaluation) 

· When a detected set cell is added to the VAS, and this causes the event to be triggered, then UE indicates this (e.g. 1 bit indication to say detected set cell triggered the event)

· It doesn’t have the same signalling burden and delay to handover decision as using option 1 b.

· Minor specification impact – only 1 bit to enable, and 1 bit to indicate. No new events needed.

· Detected set evaluation can occur using the same measurement identities, no need to configure additional events.

The main disadvantage as we see it would be: 

· UE implementation effort. In order to be able to evaluate each inter-frequency event for both cases with/without the detected set, it would require some additional overhead (processing and memory requirement). However, if cell based events are configured this would also cause additional UE requirements so it’s not clear if this is a real disadvantage or not.

· NW doesn’t have as much tight control as with option 1, since we don’t have cell based event reporting and NW doesn’t have the control of whether or not the detected cell is added to VAS (via neighbour list update in option 1). 

Conclusion: There are 2 main options for enabling detected set cells to trigger inter-frequency events, while maintaining the legacy behaviour also. Each has its own merits and drawbacks. The options are not mutually exclusive – so both mechanisms could potentially be introduced and used independently, however given the tight timescales in Release 10, we feel that only 1 option should be chosen. For that reason we have a preference for the solution which has the least impact to the specification (option 2). In addition, option 2 has the least impact to the system overall. 

Proposal 3: RAN2 to discuss the merits and drawbacks of option 1 and option 2 for enabling inter-frequency event triggering using detected set cells, and determine what to implement in Rel-10. 

3. Conclusion

Each of the possible areas of impact that we have identified in order to enable inter-frequency detected set cell reporting has been discussed in this document, and we conclude that it is possible to enable the feature with minimum specification and system impact. There are also options which have a larger impact to the specification which have other merits. Therefore, we make the following proposals:

Proposal 1: Modify “Reporting Cell Status” IE values and options to allow configuration whether detected set cells should be reported in inter-frequency measurements, by adding new values for reporting detected set cells on a non-used frequency.

Proposal 2: No change required in signalling to include detected set cells in the “Inter-frequency measured results”

Proposal 3: RAN2 to discuss the merits and drawbacks of option 1 and option 2 for enabling inter-frequency event triggering using detected set cells, and determine what to implement in Rel-10. 
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