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Abstract

A single-server queue concatenated with a multi-level channel encoder is considered. The main

focus of this work is on minimization of the average delay of apacket from entering the queue until

completion of successful service. Tight bounds are derivedfor the average delay for different numbers of

coded layers. Numerical optimization is applied to find the optimal resource allocation minimizing the

average delay. Delay bounds are also derived for continuouslayering (single user broadcast approach).

The optimizing power distribution of the minimal delay is approximated, and numerically evaluated. It

is demonstrated that code layering may give pronounced performance gains in terms of delay, which

are more impressive than those associated with throughput.This makes layering more attractive when

communicating under stringent delay constraints.

I. I NTRODUCTION

In classical information theory, a maximal transmission rate is sought for, under a power con-

straint, assuming an infinite backlog of information waiting for transmission (Shannon capacity).

In network theory the input data is some random process whichcontrols writing to a queue, and

the output transmission (service) is another random process. In this setting the design goal of the

transmission process concentrates on minimizing the queuedelay for the input data, under some

power constraint. In presence of stringent delay constraints on input data transmission the design

of the data queue and transmission algorithm cannot be separated, as maximal throughput is no

longer the issue. This conceptual gap between information theory and network theory can be

overcome by jointly solving a common problem of minimizing the delay for some input random

process and a power/rate control constraint. This is also known as cross-layer optimization, since

it involves joint optimization of two layers of the seven layer OSI model. Further inherent gaps

between information theory and network theory are discussed in detail in [1], [2], [3].
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