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1 Introduction

During RAN4 #34 and #34bis a number of documents were presented which discussed the issue of Active Set Size in E-DCH. They highlighted the need for further consideration of the Active Set Size for E-DCH in order to ensure that the performance of UL is not limited. This document highlights the main discussion points and suggests a way forward. The current DCH Active Set Size is six.
2 Discussion

The Active Set Size that may be supported in an E-DCH enabled network has implications not only on the complexity of the hardware but also on the performance of the network (for example in SHO) and the applications that it can support (for example guaranteed bit rate services). 

The initial working assumption for the Active Set Size that was assumed [2] was 3. This document was written in RAN1 however because of these current discussions it appears that further consideration of the Active Set Size is required.
It is proposed that at the very least the reasoning for the decision to have an Active Set Size of 3 should be clarified by RAN1.

2.1 Potential E-DCH Scenarios

Suggestions have been made [1] that there may be scenarios where an Active Set Size of 3 may be inadequate to provide reasonable network performance. This document develops that argument further with a set of likely scenarios:
1) The Airport Scenario. 

It is reasonable to envisage a situation where on disembarking from an aeroplane a large number of customers make use of E-DCH on their handsets to upload information to the network. It is feasible that this is in a hotspot type environment with a large number of cells in a multipath rich environment. At the same time as using E-DCH for uploading information the users may also be making voice calls. This would mean a highly asymmetric traffic profile in the network.
At this point it is entirely possible that a UE would interfere with more than 2 non-serving Node Bs and any additional non-serving Node B would not be able to limit the UE that was causing interference to its cell using a Relative Grant. If other users were attempting to use this third non-serving Node B to upload information to the network their data rates and user experience could be severely curtailed. With an Active Set Size higher than 3 the likelihood of this scenario would be reduced.
2) The Business District Hotspot Scenario.
The same argument is true where a micro-cellular network is next to a macrocellular network. It is possible that UE that is being served by a macrocell could interfere with the microcellular networks that are in close proximity. This again would mean that if a low Active Set Size was configured, a microcellular Node B would not be able to send a Relative Grant to the UE if it already had 2 non-serving Node Bs assigned to it.
Within the business hotspot it is also likely that a UE could interfere with more than 3 Node Bs and again the cell throughput in the Node B that wasn’t able to send a Relative Grant would be degraded. A ‘rogue’ UE could cause several TTIs to be lost in this cell. 

3) Highly Mobile Environments.

In a Highly Mobile Environment it is possible that SHO for a UE occurs on a very frequent basis. In an area where a UE moves around the cell edge of its serving cell it can interfere with multiple Node Bs, especially if the Node Bs are densely located, or the cellular planning is not optimal (for example while extra Node Bs are being added to a network to increase capacity). 

This scenario also allows for SHOs occurring at low or high speeds (e.g. extra capacity in a coffee shop hotspot compared with extra capacity at the side of a motorway). An increased active set size in this case would provide acceptable uplink service whilst the network was being improved.
It is suggested that a larger Active Set Size will not only aid the operation of dense hotspots but also the control of the interference between microcellular and macrocellular networks. It can also aid the operators when they are increasing the capacity of their networks.
2.2 Other Considerations

Aside from the potential scenarios where an Active Set Size of more than three may be beneficial there are also a number of other points that need to be considered

1) Simulation Setup

Although simulation work is extremely valuable, when determining ‘Real World’ deployments it cannot be considered to be valid. With a large number of deployment scenarios and potential multipath environments it is unreasonable to assume that all possibilities will be covered. It can be shown that there are significant differences between different simulation deployment models and as a result actual figures from operational networks should be taken into account when determining whether a particular Active Set Size is adequate or not. 
2) The ‘Rogue’ UE Effect 
Whilst it is accepted that a UE that passes its conformance testing will adhere to a set of rules it is not possible to guarantee that with a low Active Set Size a UE will not interfere with a Node B outside of its Active Set. The implications of this are serious, not necessarily for the ‘rogue’ UE but for the other UEs in the affected cell. They can lose TTIs or the general throughput of the affected cell will be degraded as the E-DCH scheduler will see an increase in its uncontrollable noise. 
2.3 Potential Benefits of a Higher Active Set Size

There may be a number of gains that can be taken from a higher Active Set Size. If the UE is able to be in SHO with a higher number of Node Bs it may be able to use a lower overall Tx power and enjoy a lower number of HARQ retransmissions. This would also increase the functionality of GBR services and may facilitate applications in the future that have not been considered in the E-DCH work item as yet. 
3 Conclusion

In this document several scenarios have been presented that show that careful consideration should be given to the Active Set Size before a final value can been decided in order that the network performance is not degraded.

It was also shown that there are a number of other considerations such as deployment scenarios and the potential for gains with a higher Active Set Size that also need to be considered. 

The following suggestions are made as a result of this document

1) The true implications of a smaller Active Set Size should be considered as it has implications not only on the UE but also on the network and also the user experience through the applications that it allows to be supported on the network.
2) Real World deployment measurements should be used as a basis for determining the Active Set Size as simulation deployment scenarios cannot model an operator’s network accurately enough.

3) The potential gains for a higher Active Set Size on network maintenance should be considered as this may provide gains for the operators (for example when they are increasing the capacity of their network and as an aid to cellular planning).
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