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1. Introduction

In RAN2#49, a UE measurement event 1J, specifically for E-DCH Active Set management, was proposed in [1]. During RAN plenary, it was decided that further discussion in RAN2 was necessary to see if there are any existing mechanisms that can be used for E-DCH Active Set management.
The aim of this paper is to (i) discuss why E-DCH Active Set selection from DCH Active Set is needed and (ii) why Measurement Event 1J is more suitable for this purpose than existing Iub measurements.
2. Summary of Event 1J
It is possible for the maximum DCH Active Set size to be configured in the network so that it is larger than the maximum E-DCH Active Set size. For example: 
· Maximum allowed DCH Active Set size in the network = 4 (standards allow up to 6)

· Maximum allowed E-DCH Active Set size in the network = 3 (standards allow up to 4)
In light of this, we need a mechanism to control transition of cells between E-DCH and DCH Active Sets. This mechanism is provided by the proposed measurement event 1J. The main aim of this measurement event is to ensure that only the strongest radio links within the DCH Active Set are included in the E-DCH Active Set.

The measurement event 1J is triggered when a cell in the DCH Active Set, but not in the E-DCH Active Set, becomes better than the worst cell in the E-DCH Active Set. This is shown in Figure 1 below. In this diagram, there are 4 cells, A, B, C and D, that are part of the DCH Active Set. Originally, cells A, B and C are in the E-DCH Active Set. Event 1J is triggered when cell D becomes better than cell A. This measurement event 1J gives the S-RNC the means to decide when to replace cell A with cell D in the E-DCH Active Set, i.e. to replace the worst cell with a better cell.
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Figure 1: Triggering measurement event 1J
3. Requirement for Measurement Event 1J

We would like to emphasise that the main advantage of having a smaller E-DCH Active Set vs. DCH Active Set is the savings in the Node B and UE processing power and hardware resources for decoding both uplink and downlink E-DCH related channels. With an E-DCH Active Set smaller than the DCH Active Set, the UE savings in terms of processing power will help to (i) reduce power consumption, i.e. prolong UE battery life and (ii) reduce chances of a power processing crunch. For the Node B, fewer hardware resources will need to be reserved for E-DCH uplink and downlink channel processing.

Another advantage of restricting the E-DCH Active Set size with respect to the DCH Active Set size is to reduce the probability of UE detecting an ACK when no ACK was sent, i.e. a false ACK. Even with a number of good quality downlink RLs, if one of the non-serving RL has poor DL quality, the probability of UE detecting a false ACK is greatly increased. We know that if the UE detects a false ACK when a NACK is sent, the packet will need to be re-transmitted on the RLC layer because it is already lost on the HARQ layer, thus affecting the end-to-end throughput.
In general, we believe that a mechanism to determine E-DCH Active Set membership is not only needed in the short term, but also in the long term. During E-DCH initial deployment, both E-DCH Active Set and DCH Active Set will be needed. We also believe that both E-DCH and DCH will be required in the Release 6 and Release 7 timescale due to the requirement to have CS bearers. 
4. Why Measurement Event 1J?

It is important to note that even though E-DCH is mainly an uplink transmission, the DL link quality is a significant factor because E-DCH has important DL components that are crucial to the performance of the uplink data transmission. It may be argued that UL link quality should be considered instead of DL link quality. However, individual UL link quality is difficult to measure and available UL link quality measurements have their own limitation. This is treated in the following section. This is why we believe that a UE-based DL quality measurement is more appropriate in this scenario than a Node B-based UL quality measurement.

As the proposal is for a new measurement event, and not a new measurement, we believe the additional processing requirement on the UE is not so significant. A new event will need to be configured, but the measurement of the cells will be required for handover-related measurements anyway, i.e. no additional cells need to be measured or monitored.
5. Alternatives to Event 1J: UL Measurements

It has been suggested that measurements performed by the Node B, e.g. “Quality Estimate” i.e. transport channel BER or physical channel BER, could be used for E-DCH active set management, rather than DL measurements.

Although the QE gives an indication of the UL link quality, unfortunately, the QE granularity is per RLS. So, unless the RLS under consideration contains only one RL, we believe this type of Iub measurement cannot be used to determine membership of an E-DCH active set, as information for individual RLs are required.
In the scenario illustrated in Figure 2 we have 2 RLS, RLS1 with 2 RL and RLS2 with 1 RL. The E-DCH Active Set is currently a maximum of 3 that currently contains both RLS. If a third RL is added to RLS1, using the QE information, there is no way to determine – based on the quality of the new RL – if the new RL should replace one of the RL currently in the E-DCH Active Set.
Furthermore, using QE to determine the E-DCH Active Set may cause RLS2 to be removed from the E-DCH Active Set to maintain the set size at 3, if QE of RLS2 is worse than RLS1. However, it is possible that when compared on an RL basis, the RL in RLS2 has better quality than the newly added RL in RLS1. This means that weaker links would remain in the E-DCH Active Set purely because they are part of the RLS with better QE. This would impact any UL macro-diversity gain and also the quality of the E-DCH feedback channels. 
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Figure 2: Using Iub measurement for E-DCH Active Set management

In order for the RNC to be able to use the QE information for E-DCH Active Set management, the Node B must send DCH FP UL data frames every TTI, even when there are no UL TBs, i.e. Node Bs cannot use “silent mode”. This is because in “silent mode”, the Node B is not allowed to send DCH FP UL data frames if there are no UL TBs to send. This will have an impact on Iub and Iur capacity.
Let’s consider the case where there is only E-DCH on the uplink and DCH on the downlink. With no UL DCH, there are no DCH FP UL data frames available to send QE information from Node B to RNC. This means that if there is no UL DCH, QE information cannot be used for E-DCH Active Set management. Event 1J, on the other hand, would still be able to provide information for E-DCH Active Set management even when there is no UL DCH.
Dedicated Node B link quality measurements such as SIR can also be considered. However, these measurements are also RLS-based with the same associated problems discussed in previous paragraphs. In addition, these measurements must be sent from the Node B to the S-RNC frequently in order to be effective, thus impacting Iub and Iur capacity.

To summarise, the disadvantages of using link quality measurements performed at the Node B for E-DCH Active Set management are:

1) if there is no UL DCH, QE information is not available at the RNC and cannot be used for E-DCH Active Set management

2) measurements are done after combining, i.e. information about individual link quality is lost
3) RLS-based measurements may cause weaker radio links to remain in the E-DCH Active Set, purely because they are part of an RLS with better UL quality, and stronger radio links to be excluded
4) Iub and Iur capacity is impacted because either:
a) “silent mode” cannot be used
b) more dedicated measurement reports must be sent to the S-RNC
Therefore, we believe that UL-based measurements, such as QE, are not suitable for E-DCH Active Set management.

6. Conclusion
From the discussion in the previous sections, we believe the measurement event 1J is indeed required. This is because UL measurements cannot provide sufficient information to ensure that the best radio links are included in the E-DCH Active Set.
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