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1 Introduction

To thoroughly examine the problem of voice and data multiplexing in OS2 [1.], it is necessary to provide a speech model that represents the characteristics of conversation flow.  It is common to model speech as a single direct traffic source. The bi-directional characteristics of conversational speech are not normally considered.

Operational Scenario 2 allows best effort data and speech from a single mobile to be multiplexed together. This data is transferred using acknowledged protocols, both at the RLC layer and the Transport layer (TCP), which require bi-directional communication for transferring both data and acknowledgements.

To evaluate OS2 multiplexing it is therefore necessary to model the bi-directional characteristics of conversation, as this provides the channel availability for data and acknowledgements in both uplink and downlink.

This paper defines a ‘loosely coupled bi-directional speech model’ for use in evaluating the performance of OS2 . The new model builds on existing uni-directional voice models, to generate a model that represents the loosely coupled bi-directional nature of conversation flow.

2 Unidirectional speech model

Speech is modelled as a Poisson process. Speech is made up of speech bursts and silence periods, which, in order to model possion events arrivals, have arrival times exponentially distributed [3.]. With a voice activity level of 43%, Speech bursts would be exponentially distributed with mean 1sec, and Silence periods with mean 1.35sec.

An example of such a speech model as shown in Figure 1
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Figure 1  Unidirectional speech model

Silence Signalling Overhead

It is worth noting that with the inclusion of SID frames the overall channel activity level can be in the order of 65%. SID frames are sent periodically during the silence period and can therefore be considered as data packets, effectively reducing the data bandwidth available during the silence period.

With 45% Voice activity and 65% Channel activity:

SID Frames = 34% of the available Silence period

Therefore the data bandwidth can be reduced by 34% for the purpose of analysing just speech, SID frames have been ignored.

3 Bidirectional speech model

A simple unidirectional speech model is of limited use in evaluating the performance of OS2. The data service will use acknowledged mode RLC, and will typically be using TCP as a transport protocol [2]. Both these protocols are reliable, and therefore require bandwidth to be available in the opposite direction to data flow for acknowledgement transfer. It is therefore important to consider the available bandwidth in both directions when evaluating OS2.

During a conversation, by observation, the general case is that only one person is talking at any time.

Although this must be a ‘loose’ relationship, rather than a rule, any model produced to represent the bi-directional nature of conversation, should have this general property of asymmetry.

Figure 2 shows two loosely coupled speech models, which would satisfy the above observation of asymmetry.
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Figure 2  Two loosely coupled  speech models to represent a conversation

By exponentially distributing the length of speech and silence periods, there should be occurrences where both uplink and downlink have speech activity and silence periods simultaneously, ensuring that the property of asymmetry is a loose relationship. However it is important that the loose coupling still be maintained otherwise the models will ‘free run’ loosing their asymmetry, becoming two random and separated models. A ‘coupling factor’ is therefore applied to the models of the proportion of time that both models have active speech on them, this factor, 5%, was measured from real VoIP conversation traces.

3.1 Model Validation 

To support this concept of a loosely coupled bi-directional model, a recording of network traffic was taken during a voice over IP (VoIP) conversation across the local network.  All of the IP packets sent between two hosts were recorded and are presented in Figure 3.  The diagram shows the traffic flow between the two endpoints on the network, and is broken down into two channels, uplink and downlink.
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Figure 3. VoIP Packet capture of a conversation showing speech bursts.

The conversation in Figure 3 clearly has the property of asymmetry, although there are cases when both channels have speech bursts  (and silence periods) simultaneously. The average length of each speech burst is slightly longer than the 1 second, actually 1.64 seconds in the uplink and 1.20 seconds in the downlink.

The speech also shows a ‘coupling factor’ of 5%.

4 Conclusions

To model the bi-directional nature of conversational speech a model comprising of ‘loosely coupled speech models’ has been presented. A model capturing the asymmetric bi-directional nature is essential to analysing the performance of acknowledged data flows when multiplexing speech and data in OS2.

When considering each speech direction in isolation, the model presented satisfies the properties for existing speech models used in GERAN simulations. The model also captures the observation of asymmetry, that: During a conversation, by observation, the general case is that only one person is talking at any time.

This loosely coupled speech model represents a reasonable model for bi-directional conversational speech, for use in analysing OS2 performance.
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