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Reliable Message Delivery over Wireless Channels

Rateless packet-level codes increase Physical System Model «Application-Layer Rateless codes are well
redundancy over time to facilitate content suited for wired networks.
distribution in packet-based networks. }é
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A direct application of these codes to

In wireless networks, we need to consider " wireless networks could be suboptimal.
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the effeCt§ Of. p.h)/SICal and application foci o chornels between the It reduces the amount of physical-layer coding
Iayer codaing jOIﬂtIy. transmitter and each receiver: available.
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: | *More physical-layer coding reduces outage
*We St_ucy the optlmal cross-layer XM y probability and hence the need for erasure coding.
allocation of coding resources to ensure 2~ N(0,0?) N Receivers can exchange decodd packets _ _
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reliable transmission over the channel.  eniont tades per packet | reely (N-fold selection civersiy). *The cross-layer tradeoff is complicated.

A Cross-Layer Optimization Problem

*As the code rate, R, increases, the message error rate
(MER) curves get better and then worse suggesting the
existence of an optimal transmission scheme.

MER . *Application Layer: Redundancy Is added

The Cross-Layer Encoder Architecture

*Cross-Layer Coding is required for optimality

| N through a packet-level erasure code.
Optimal Encoding for Erasures
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Formulation of the Optimization Problem
Our formal problem statement: How can Without simplification, the problem Under the assumption of moderately
we allocate coding resources for best has combinatorial constraints. large message length, we formulate a
performance? guasi-convex approximation.
maximize: A maximize: A
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Explicit Solutions for Three Cases of Interest

Slow Fading: One or fewer fades per Fast Fading: ~15 or more fades per Noisy Channel: Low average SNR.
transmitted frame. transmitted frame.
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The Optimal Cross-Layer Transmission Strategy
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*By combining the solutions of the three . , , . , “We can also plot the gain achieved by S T
cases, we can observe how the optimal 3_}""'; """" S /} i F=1- T \ using the optima| CrOSS_|ayer transmission ) T T SO e I o - E:1:I:§ggg¢jgase ;] 1
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2 *\We observe that the gain is significant g | 5 r F=16, T=5000 (Case 3)
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*The optimal transmission strategy changes 8 when little other diversity is available inthe |5 ,5/% -
very little when additional diversity, through > system. In this case, the code has the L P16 | P
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cooperative nodes or multiple fades, is . effect of adding “virtual” diversity. % 1o o [
available. 2 _ . , _ = W [
o | g *When diversity is already available in the A S
*We prove that a limiting strategy exists as the system, through cooperative nodes or S ) S :
Instantaneous code rate approaches zero. o i n i i 1 multiple fades, a pure physical-layer coding N L — ey
Hence, the optlmal Strategy Is Weakly Instantaneous Code Rate: km/T strategy Is near|y th|ma|_ > GMumberEf Receivil::'s: N % -

dependent on rate at low average SNR'’s.



