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In thiswork, we are concerned with the transmit power optimization problem in awireless relaying
network with various cooperation protocols. With perfect channel state information at the receivers,
we derive the optimal power allocation that minimizes the outage probability of the mutual
information (M1) with amplify-and-forward (AF), decode-and-forward (DF) and distributed space-time
coded (DSTC) relaying protocols operating over the Rayleigh fading channel. At high signal-to-noise
ratio, we show that the M| outage probability expressions are convex, and the nature of the optimal
power allocation depends on whether or not adirect link between the source and the destination exists.
Additionally, for AF and DF protocols, this allocation depends only on the ratio of mean power gains
(i.e., the source-to-relay gain to the relay to-destination gain), whereas with aDSTC protocol this
allocation also depends on the transmission rate when a direct link exists. Interestingly, our results
without a direct link show that both the DF and DSTC protocols have identical optimal power
allocation and the asymptotic coding gain ratio (i.e., the ratio of coding gain with optimal power
allocation to the coding gain with equal power allocation). In addition to the immediate benefits of
improved outage behavior, our results show that optimal power allocation brings in impressive coding
gains over equal power alocation. Furthermore, our analysis reveals that the coding gain gap between
the AF and DF protocols can also be bridged by the optimal power allocation.
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Three cooperation protocols:
1. Amplify-and-forward (AF): The relay amplifies the signal before forwarding it to the destination

2. Decode-and-forward (DF): The relay decodes the signal before forwarding it to the destination
3. Distributed space-time coded (DSTC): The successfully decoded relays form a space-time
codeword in a distributed manner before transmitting to the destination.
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Source, destination, and M cooperating nodes ‘

P, : Source power V\é

P. : Power of the jth cooperating node WA \‘
M

P+ PER /W/

Wy W g

P : Sum power of the nodesin the network
2 /

min ProbOut(P,,R.....B, )
M
subjecttoP,+ P £R

j=1
where I?robOut(IDS, F’1 P) |s_the outage WS E e [T R ET e
probability of mutual information at Wi
the destination. Define:a; = —T
3
October-21-2005 -~ 3
ucsD



October-21-2005 =



October-21-2005



+ 1

Note : A general solutionw ith M relay nodes is very involved.

Problem Statement with one relay node

L L &

P P 2R

subjectto P,+ P, £ P;

Remark : The objective function isconvex over (P, P).

min

Solution :

P, = 2P 1- a 1+ 1+16
2' al 8 al

and

P=P-P.

Asa® 2,P,=2P; /3,and P, = P /3.
Asa® ¥ ,P.=R /2,and P, =R /2.

Withtwo relay nodes, the optimizati on problem is
1 11a111a211a1a2
min —- +-——=
2P P 2 P2 P, 6P PP,

P3
subjectto P,+ P +P, £ P;.

When a, =a, = a,we have
Ps=gi,and P =

+te
er- et 1. 5 e12. E—0
a a a?
Note : The above cubic equation has only one positive root

(due to the convexity of the objective function).
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Note : A general solutionw ith M relay nodes is very involved.

Problem Statement with one relay node

|

s R

subjectto P, + P, £ P;
Remark : The objective function is convex over (P, R,).
Solution : P, = 1 ———and P =R - P..

al
Note : Optimal aIIocation isthe same as that of AF Protocol
Asa® ¥ ,P,® 0,and P, ® P; (i.e., exploitati on of path
loss variabili ty to minimize the source transmiss ion power).
Asa® 1,P,=R /2,and P, =P /2(i.e, equa power
alocation isoptimal) .

min

With two relay nodes, the optimizati on problem is

1 la  1la, 1avlav2
min —+——+— P —
P2 PR P R 2PlP2
subjectto P,+ P, + P, £ P;.
When a, =a, = a,we have
P, = ZI(I;T/(,and P, =P, =—T'—, where k isapositive solution of
2
k3+2k _ﬁ_i:
a a a?

Note : The above cubic equation has only one positive root
(due to the convexity of the objective function).
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Note : A general solutionw ith M relay nodes is very involved.

Notation : Let (22R - 1)=
Problem Statement with one relay node

.1 1 a,.
min — —+
PR R
subjectto P+ P, £ P;
Remark :The objective function isconvex over (P, P).
Solution :

p=— g % gy s 8
1'&1_ 4 al.

and
R=P-PR.
With two relay nodes, the optimizati on problem is
.1 1 a, 1 a, 1 aa,
min —+ _ = -t w55
P53 P52 RI. P52 I:)2 Ps I:?I.F)Z

subjectto P,+ P +P, £ P;.

When a, =a, = a,we have

P, =i,and P=P,= Pr ,Where eis a positive solution of
2+e 2+e
e*-e?1- — -e4'- 32=0.
oA oA ]
Note : By setting . =%and %=%we obtain the power allocation

with a DF protocol.
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The high SNR outage probabilit y expression for a

DSTC protocol, except a constant scale factor, is

very much identical to that of a DF protocol. Asa

result, all the power allocation results derived for

a DF protocol can very w ell be adapted to a
DSTC protocol.

Space-time coded protocol: Power allocation as a function of rate
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