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Rayleigh fading... is experienced when the dimension of the cluster of scatterers
surrounding the transmitter or the receiver is much larger than the signal wavelenght...

Motivations... how to study the impact of fading impairments 
on distributed transmissions?
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Short-range communication (for cooperative tx)... Is Rayleigh fading model still 
effective?

How does the propagation environment impact on the performances of 
(distributed) wireless transmissions?
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Part 1 Outage probability analysis for arbitrary fading channels
- Moment Generating Function based approach
- Outage probability analysis for arbitrary fading channels

Part 2 Quantifying the price of cooperation in arbitrary fading
- Cooperative fading regions

Part 3 Cooperative Networks design 
- Relay deployment design
- Virtual MIMO vs MIMO
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S.Savazzi, U.Spagnolini “Cooperative fading regions for 
decode and forward relaying” IEEE Trans. on Info. 
Theory, vol. 54, no.11, November 2008 

S. Savazzi and U. Spagnolini, “Design criteria of two-hop based 
wireless networks with non-regenerative relays in arbitrary fading 
channels,” to appear on IEEE Trans. On Communication, expected May 
2009
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Background on cooperative transmissions
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Three key-research topics...
1) Distributed Synchronization
[Strogatz, Simeone, Goddard, Scaglione etc...]

2) PHY layer transmission schemes:
Relaying processing (DF-AF), Repetition
based (space diversity..), Distributed ST 
coding, Coded cooperation
[Laneman, Nosratinia, Goldsmith, Poor etc...]

3) Medium Access Control:
fixed/adaptive relaying, relay grouping and 
partner selection, randomization
[Nosratinia, Scaglione, Valenti, Goldsmith, Kumar
etc...]
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Part 1 - Outage analysis in arbitrary fading channels
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Part 1 - Outage analysis in arbitrary fading channels
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Diversity in arbitrary fading channels
Moment Generating Function based approach
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Conventional approach
- requires integration over 
arbitrary small interval
- integration complexity is high

MGF based approach
- MGF is available for a variety 
of pdfs
- used for evaluating Pairwise
Error Probability
- integration complexity is low 
(Laplace Transform)
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Integral form for the random fading power density function

t-th order fractional 
derivative of random fading 
power pdf in w=0

The fading power density can be approximated for large SNR as

*t is the order of the first non-zero fractional derivative of 
the random fading power pdf in zero such that

Diversity in arbitrary fading
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Example - Outage performances of 
Distributed-MIMO in arbitrary fading channels
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Diversity does not simply scales with the product of the number of tx antennas and 
rx antennas but is the sum of all diversities provided by all the links for distributed TX..
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Example - Distributed ST coding in mixed 
Rice/Rayleigh fading
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Part 2 - Cooperative fading regions
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Part 2 - Cooperative fading regions: Problem definition
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…what are the conditions on the arbitrary fading distributions

that make the use of the (overheads of the) cooperative TX to 
be of any advantage
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Cooperative fading regions and outage
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Define the diversity and the coding gain provided by each cooperative channel:
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Summary of main results (from extensive
simulations...)
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(Asymptotic) Cooperative fading regions

…what are the required “inherent” diversities provided by 
each cooperative link that make cooperative diversity to 
be larger than diversity provided by multiple antenna TX?
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Example - Multi-hopping vs. direct multiple antenna 
transmission
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Example - Multi-hop cooperative transmission vs. direct
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Dsdd⋅M

Multiple antenna transmission (M-antenna terminal)
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Part 3 – Cooperative network design
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Some design rules
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V-MIMO transmission for decode and forward relaying
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Asymptotic cooperative fading regions for
V-MIMO
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Example - Cooperative fading regions in Nakagami-m
fading: V-MIMO v.s. MIMO
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Virtual MIMO cannot be regarded as
competitive compared to MIMO systems !!
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Example - Cooperative fading regions in Nakagami-m
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Concluding remarks and future directions...

MGF based approach to performance analysis of (distributed) wireless 
communications in arbitrary fading is proposed. Outage probabiliy analysis is
carried put using information theoretic tools

Advantages of cooperative transmissions (for any protocol) are closely
related to the propagation environment and to the channel statistics of the links
involved in collaboration that limit the price of cooperation

The price of cooperation for cooperative wireless systems compared to
direct multi-antenna transmission is quantified in terms of outage probability
and for arbitrary fading.

...  Analysis shall include the effect of mobility in time-varying fading and channel
out-dating due to imperfect channel estimation

...  Energy comsumption should be properly modeled to include the impact of the 
increased energy expenditure of cooperating devices at the receiving front-end

... Effective channel measurements are needed to translate the proposed
theoretical analysis into a partical model for network design
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Thank you
for your attention

Any question?


