
Chapter 6: Multinode
Cooperative 
Communications



Multinode DF 
Cooperation



Outline

Multinode cooperative communications
System model
Symbol error rate analysis

Approximate symbol error rate analysis
Optimal power allocation



1. Multi-relay Cooperative Communications

How to cooperate?

Characterize the symbol-error-rate to facilitate system 
design and performance check

Challenge: channels are not identically distributed

Can cooperation achieve full diversity gains? (MIMO 
diversity is the upper bound!)

What is the optimal power allocation scheme among the 
source and the relays? 
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Multi-relay Cooperative Communications

Arbitrary N-relay networks. D&F relaying
Relay only forwards if decodes correctly (selective) 
Different possibilities for cooperation
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Multi-relay Cooperative Communications
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Multi-relay Cooperative Communications

In general, each relay can combine signals from m
previous transmissions (C(m))
Challenge: channels are not identically distributed
What is the optimal power allocation scheme? 
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System Model: C(m)

In Phase 1: 

where
and all noise terms are AWGN with

In Phase 2: if relay 1 correctly decodes, it transmits with 
power     otherwise it remains idle 
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System Model

In Phase (i+1): relay i coherently combines all the previous 
received signals

where  

and            if relay j decodes correctly, otherwise

In Phase (N+1): destination coherently combines all the 
received signals from the previous phases 
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SER Performance Analysis

The probability of error at the destination given the CSI can 
be computed as

The exact SER for an N-relay network employing C(m) and 
M-PSK modulation is given by
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Asymptotic SER Analysis

Theorem: At enough high SNR, the SER of an N relay decode-and-
forward cooperative diversity network employing cooperation scheme C(m) 
and utilizing M-PSK or M-QAM modulation can be approximated by

where
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Conclusion: At enough high SNR, m does not play a role!
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The cooperation protocol utilized is C(1) and the modulation 
scheme is QPSK. 
Diversity gain is achieved with increasing # of relays.
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Temporal diversity vs. Cooperation

2 relays vs. 3 time slots

1st order Markov model for the temporal correlation 



Optimal Power Allocation

The nonlinear optimization problem can be formulated as 
follows

where ai is the ratio of the total power  allocated to   the i-th
relay.

Via the KKT conditions, we get 
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Provide closed form results for some network topologies 



Optimal power allocation at the source node 
for different relay locations 
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2 Phase System Model
MRC Based System Model
Performance Analysis of the 2 Phases 
System
Problem with the MRC based System
Conclusion and future work 



source

destination

relay 1 relay 2 relay N orthogonal 
channels

2 Phases System Model

Phase 1Phase 2

The system has two phases:

1. Phase 1: The source transmits to all nodes and destination

2. Phase 2: Each node amplifies the source signal only and forwards it 
to the destination 
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destination

relay 1 relay 2

MRC Based System Model

Phase 1Phase 2

The system has (N+1) phases

Consider for simplicity a system of 2 relays

Phase 3

From phase 1

From phase 2 Apply MRC at relay 2

Each relay combines the signals from all the previous relays and 
source



Data Model for the 2 Phases System
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SER Performance Analysis
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The SNR  at the output of the MRC

For M-PSK the SER, 
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SER Performance Analysis (Cont.)
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Theorem 

At high SNR, the moment generating function of the harmonic mean of 
two exponential random variables is given by

The SER for the system is given by,

Where,

Diversity order 
N+1
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MRC Based System

Phase 1Phase 2

The problem with this system is the noise propagation

Phase 3
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The MRC is no more optimal because of the noise correlation

The optimal is to use a whitening filter before the MRC

Noise 
propagation
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destination
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Lower Bound on System SER Performance
The problem with the analysis begins from relay 2

The best any system can do is

x x

This performance can not be achieved by any system (bench mark)
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The bound of the SER in this case is given by



Simulation Results



2 Relays close to the source





3 Relays close to the source



Explanation

x
source

destination

relay 1

relay 2

relay N

If the relays are close to source
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So the 2 phase system approach the bench mark performance 
as the relays becomes closer to the source



Summary
Multinode cooperation can achieve full 
diversity gain as in a MIMO system
Both decode and forward relaying and 
amplify and forward relaying are considered
Approximate SER expressions are derived
Optimal power allocation at the source and 
relay nodes is characterized


