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1
Introduction

Average downlink throughput has been proposed as one required performance measure which needs to be standardised [1]. In this document, we provide a definition of the DL average throughput and define its use as a performance measure. 

2 Average Downlink Throughput

2.1 Definition

The downlink average throughput can be considered from the perspective of the average downlink cell throughput per QoS class or from the perspective of the average throughput for each UE per QoS class. If the average throughput is considered at the cell level, it will indicate very little about the per user experience. On the other hand, if average throughput is defined per UE, the operator will have the possibility to monitor the percentage of UEs in a cell (for traffic of a given QoS class) actually satisfying the throughput requirement for that QoS class. This measure is in our opinion more meaningful and should be specified. 

Proposal 1: The average downlink throughput per QoS class should be defined per UE and not per cell. 
2.2 Measurement of Average Downlink Throughput

There are many ways in which the average throughput experienced by a user can be measured. 

1. Ratio of total packets delivered to total session duration for a given QoS class




Figure 1: Simple Calculation of Average Downlink Throughput
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  With this approach, the average measured DL user throughput is strongly influenced by the traffic pattern. If the traffic comes in bursts with long inactivity periods, the measured throughput would be very low when in actual fact, achieved throughput when the buffer was not empty is much higher.
2. Measurement of Average DL Throughput per burst of data.

To overcome the measured throughput degradation caused by inactivity periods, the throughput samples could be taken only when the buffer is not empty i.e. start a timer when data arrives in buffer and stop timer when buffer becomes empty again.


[image: image2]
Figure 2: Calculation of Average DL Throughput without considering inactivity periods.

Option 1:
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Option 2: 
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With this definition, the inactive periods are not taken into account and hence the measured average downlink throughput would reflect more the user experience.
Proposal 2: The average DL throughput should be calculated based on the average throughputs achieved per burst of data i.e. when buffer is not empty.
3. Performance Measures from Average Downlink Throughput Measurement
GBR

For GBR traffic, we would ideally want the scheduler to satisfy the GBR rate requirement of the traffic class on the downlink. However, since the allocated capacity is dependent on several factors including radio propagation conditions and cell loading a sensible performance measure to derive from the average DL throughput measurement per UE would be to determine the percentage of UEs whose average downlink throughput met the GBR rate requirement for that traffic class. This performance measure gives a clear indication to the operator about how well GBR UEs are being served in a cell. For example, an operator might have as target that 90% of GBR users should experience an average downlink throughput at the GBR rate or above. 
Non-GBR

For non-GBR traffic, the operator might decide on a minimum threshold of average downlink throughput that non-GBR UEs should experience e.g. 64 Kbps. The operator can then measure the percentage of UEs whose average downlink throughput actually satisfied or exceeded this threshold. For instance, operator can set as target that 80% of all non-GBR UEs should experience an average throughput of the threshold value indicated or above. 
3
Summary

In this contribution, we analyse what we mean by downlink average throughput and how operator can use the measurement to investigate network performance. Three proposals are made:
Proposal 1: The average downlink throughput per QoS class should be defined per UE and not per cell. 

Proposal 2: The average DL throughput should be calculated based on the average throughputs achieved per burst of data i.e. when buffer is not empty.
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