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Performance Evaluation of DTX Multiplexing

1 Introduction

As shown in [2], it is proposed to drop the OS2 solution for best effort data mainly due to RLC acknowledgement starvation in the case of single slot FR uplink channel, see [3].

In this contribution, it is proposed that DTX multiplexing is still to be supported when associated to DTM (HR+HR) to allow applications using best effort transport to reach higher peak and average data rates.

We present performance results from a DTX scheme that multiplexes best effort data and voice traffic based on the current working assumptions for OS2.  However, we further assume that OS2 and DTM [1] share certain properties, namely that a portion of radio resources allocated to each mobile in the uplink and downlink directions are reserved for transporting packet data traffic, control messages and for conveying acknowledgements as needed.  This assumption allows more efficient usage of spectrum in cases where voice and data traffic must be routed to and from the same terminal.

In this evaluation, we measure the application layer performance of a web browsing application running over an OS2 channel.  Our simulation is configured to provide one uplink and one downlink slot to a mobile terminal running both voice and data applications.  Depending upon the experiment, the channel operates in either a DTM mode, with separate sub channels for voice and data, or in DTX mode, where voice and data traffic are multiplexed.  In both cases, the TCP/IP packets requested by the web client are interspersed with voice packets generated by a half-rate AMR vocoder, which alternates between transmitting and receiving voice.  However, only in the DTX case can the bursts left vacant by the vocoder during silence be used to transport data.  A comparison between the application layer throughput and object response times for web browsing application running in both types of channels is provided.

2
Simulation Parameters

The simulations were conducted for two sets of experiments, viz., DTM and DTX multiplexing schemes. Speech is carried over half-rate voice bearers. In both the downlink and uplink directions, the vocoder is given priority access to the equivalent of a half-rate channel, meaning that voice traffic is always given priority over data traffic.  However, the remaining bandwidth, and any bursts left vacant by the vocoder during silence, may be used for data.

Some of our simulation parameters are mentioned below:

· HTTP 1.0 is used.

· Mean number of objects per web page is 10.

· Mean size of web objects is 30kbytes.

· TCP maximum segment size = 1460 bytes. 

· TCP maximum receive window size = 65Kbytes.

· 50% voice activity factor, with the mean voice activity time = 1second. 

· RLC window size is 14 (window can stall if any LLC frame is not successfully acknowledged). 

· No header compression of TCP/IP headers. 

· MCS 7 with no RLC packet lost. 

3
Simulation Results

Simulation results have been presented for the two scenarios, DTM and DTX. Application-level throughput and object response time have been chosen as the performance metrics.  Application-level throughput can be defined as the throughput seen by the HTTP application layer (after all the lower layer headers have been stripped off). Object response time is defined as the end-to-end delay experienced by a web-object. In our experiments, the offered load has been varied by changing the number of web pages requested. 

Figure 1 and Figure 2 show the application throughput and object response time respectively.
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Figure 1 Application Throughput Vs. Offered Load
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Figure 2 Object Response Time Vs. Offered Load

4 Conclusions

The simulation results clearly indicate that DTX multiplexing outperforms the conventional DTM by efficiently utilizing the resources vacated by speech, provided that a small portion of the radio resources are set aside for acknowledgements.  We believe that the problem due to stalling of TCP/RLC can be overcome by reserving a minimal amount of bandwidth for acknowledgement messages. This is due to the fact that the acknowledgement packets for RLC and TCP are much smaller than TCP data packets and the main requirement for such messages is faster access to resources and, not necessarily, larger amount of resources. 

Therefore, we conclude that DTX multiplexing will prove to be a valuable tool to encounter the ever-growing demand for data applications over the wireless domain.
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