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Outline

m Multinode cooperative communications
m System model
m Symbol error rate analysis
Approximate symbol error rate analysis
m Optimal power allocation
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1. Multi-relay Cooperative Communications

How to cooperate?
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Characterize the symbol-error-rate to facilitate system
design and performance check Q

©

Challenge: channels are not identically distributed

Can cooperation achieve full diversity gains? (MIMO
diversity is the upper bound!) d= lim — log P, (SNR )
SNR — log SNR

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

m Arbitrary N-relay networks. D&F relaying
m Relay only forwards if decodes correctly (selective)
m Different possibilities for cooperation
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Phase 2
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Multi-relay Cooperative Communications
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m In general, each relay can combine signals from m
previous transmissions (C(m))

m Challenge: channels are not identically distributed

m What is the optimal power allocation scheme?



Bystem Model: C(m)

m [n Phase 1:

where &, ~CN(0,0.), h, ~CN(0, O’fr,.)
and all noise terms are AWGN with ~CN(0,N)

m In Phase 2: if relay 1 correctly decodes, it transmits with
power P otherwise it remains 1dle

Vod \/Thrl x+n,
Vi \/Th,,1 x+n,



System Model

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

i—1 _
Vi = \/Fsh:f;-ysn + Z \/th:j'?y’”j”i

j=max(1,i—m)

where », , = N g h,, +mn,.

andfr\’;. = P if relay j decodes correctly, otherwise 13; =0

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

N ~
yd — \/th:dysd +Z \/})jh;dyrjd
j=1



SER Performance Analysis

m The probability of error at the destination given the CSI can
be computed as _ Relays State

oy Vector
Pe/CSId - Z Pr(e|S, = Bi,wCSId)'Pr | CS1,)
i=0

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

bpskpsasj al psk N(])PO‘ ;
(1+Nosin2(0)JH(l+ N sin*(0) HHG ( ,N(k))

b,«P.0, = «B.y()Po,
Gr(0)=F|| 1+ [T |1+ OB
N, s (0) ) j-maxim) N sin (6’)

SER = 221171




ACPIDLOtic SER Analysis

m Theorem: Atenough 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

Full >N 41 . B i1
Diversity | SER =~ N, < &y (N J+ 2)gq (1)
Gain b(j\]—i_lo-sz

where

(M-I M

1 j sin®* (0)d0, M —PSK,(q=1)
V4

g(] (X):J /2 O /4
—{J‘ sinz"(H)d@—Kj sinzx(é?)dﬁ}, M —QAM ,(q = 2).

0

Conclusion: At enough high SNR, m does not play a role!



The cooperation protocol utilized 1s C(1) and the modulation

scheme 1s QPSK.

Diversity gain 1s achieved with increasing # of relays.
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" ATemporal diversity vs. Cooperation

2 relays vs. 3 time slots

15t order Markov model for the temporal correlation
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Time Diversity.

SER
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Coopertative Diversity.
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SptmmarPower Allocation

m The nonlinear optimization problem can be formulated as
follows

Qpy = Arg min SER(Q)
N

subject to Z a, =1, a, 20,
i=0

where a; 1s the ratio of the total power allocated to the 1-th
relay.

m Via the KKT conditions, we get

P>P,>P, >--->P.

Provide closed form results for some network topologies



Optimal power allocation at the source node
for different relay locations
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Outline

m 2 Phase System Model
m MRC Based System Model

m Performance Analysis of the 2 Phases
System

m Problem with the MRC based System
m Conclusion and future work



0
2 Phases System Model

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

orthogonal

relay 2
channels

relay 1

destination

source
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MRC Based System Model

Consider for simplicity a system of 2 relays

f~

........ .~ destination
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source

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

The system has (N+1) phases
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Data Model for the 2 Phases System

Received data at destination — V, , = \/Plhs,dx +n ,,

Received data at relay i — Y, =AJPh x+n_,

Received data at destination from relay |

N

‘+N

r,-,dys,r,- + nr,-,d

Yo
G0

N
The maximum ratio combining (MRC) y=¢ 3 +>'a y
s,ds s,d rde r,d

1 ri ,d

Where, \/ PP
: Plh | +N,
= \/Plhs,d /N, and a = : ‘

i d pri‘h,i,d 2 +1IN
SN
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SER Performance Analysis

The SNR at the output of the MRC
Y=Vt V.
i=1
Where at high SNR,

2

2 ] Pl‘h”ir X Pri‘hri,d

_ Plh. and Via B
-~ " N, Pl | +P]h,,

2

ys,d

1

(M-Dz/M b
e I G
T

: 2

Sin

Yy 46
0

Averaging over the Rayleigh fading channel we get,

1 ccrvyzim b u b
P, ~— M (=M (%) dé
'[0 “’“’(sinzﬁ)l:l[ y”’"’(sinzﬁ)
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SER Performance Analysis (Cont.)

Where, 1
M =

7sd(S) S]?é‘zd

1+ -

N

0

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

N, , N,
PS> P&’
M (s) = 9,
v S
The SER for the system is given by,
b LN 1 ﬂB&fﬁBﬁ; Diversity order
“7 By P&, W PSPS N+1
PSK 1" sy o nd
Where, e
C(N) r ) 2(N+1)0 de



MEE gased System

The problem with this system is the noise propagation

. ~a  destination

-

source

The MRC is no more optimal because of the noise correlation

The optimal is to use a whitening filter before the MRC



Lower Bouna on System SER Performance

The problem with the analysis begins from relay 2

relay 1 relay 2 relay N
N Y I hS
[ X
R %4 _destination
- - Y

source

The bound of the SER in this case is given by
NON+1C(N) 1 P1552,q + Pnanz,d N 1
P. = X X
bN+1 P52 P15S2,,1P,]5;12,d i=2 })rié‘rf,d

PSK 17 s,d

This performance can not be achieved by any system (bench mark



Simulation Results
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2 Relays close to the source
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3 Relays close to the source

SER

QPSK, 3 relays, & =& =1,8 =10
' I |

=&~ simulations
—w— hound
loweer bound
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Xplanation

If the relays are close to source
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Or from the SER bound

PS* +P6S* 2 1 1
alz 12 i S 7 -
PS:PS* PS5’
S,l"l l"l I"l, Vl I"l,

So the 2 phase system approach the bench mark performance
as the relays becomes closer to the source
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Summary

m Multinode cooperation can achieve full
diversity gain as in a MIMO system

m Both decode and forward relaying and
amplify and forward relaying are considered

m Approximate SER expressions are derived

m Optimal power allocation at the source and
relay nodes is characterized



