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Abstract—In wireless communication systems, transmitted
power is regulated to provide each user an acceptable
connection by limiting the interference caused by other
users. We consider power control in a cooperative mobile-
to-base communication system consisting of multiple sources,
multiple relays and a base as a destination. This paper intro-
duces two power control scenarios. One is the case of fixed
source power and relay gain control(FSP-RGC), the other is
simultaneous control for source power and relay gain(SC-
SPRG). For the above two scenarios, distributed power
control algorithms are provided, respectively. We prove that
the proposed algorithms are standard and consequently they
converge to a fixed point, respectively. Numerical simulation
shows that FSP-RGC converges faster than SC-SPRG.

I. INTRODUCTION

POWER control is an important component of the
design of a wireless system, as the capacity of which
depends heavily on how mutual interference among dif-
ferent users is managed. Since Zander’s early work on
power control [1], there have been many research studies
on developing distributed power control algorithms. The
objective of power control is mainly to meet given signal-
to-interference and noise ratio (SINR) requirements of
individual users. For this purpose, many power control
algorithms have been developed (e.g.,[2]-[6]). To analyze
the convergence of these algorithms, Yates established a
unified framework in 1995 [7] -a seminal work in the area
of power control. Sung and Leung generalize Yates’ result
and establish a new framework, which is applicable to
system supporting opportunistic communications [8].

Cooperative relaying is designed so that users can assist
other users while still being able to send their own data.
Cooperative relaying has been shown to be a promising
technique for spatially dispersed nodes in wireless net-
works to relay signals for each other in order to exploit
spatial diversity in fading channels [9], [10]. Cooperative
relaying schemes have been studied and analyzed in var-
ious domain. One of the recent studies concerns power
allocation in wireless cooperation communication.

This paper addresses simple convergent algorithms for
cooperative networks where multiple sources and relays
exist. Proposed iterative algorithms have been designed for
distributed implementation in dynamic systems with time
varying radio channels. It is noted that the power control
framework in [7] can be applied the proposed algorithms.

We introduce two scenarios for cooperative power con-
trol, one is that only relays control their gain while the
power of the source nodes is constant, the other is that
the simultaneous control for both source power and relay

Fig. 1. System Model

gain. We derive new interference functions for cooperative
networks and then show how the proposed algorithms
converge to a desired transmission quality.

The rest of the paper is organized as follows. In Section
II, we introduce the system model. In Section III, we
present the idea of power control algorithms for coop-
erative networks and we address a new class of inter-
ference functions. In Section IV, we present convergence
properties which are designed for cooperative networks.
In Section V, we present our simulation results. Finally,
we draw a conclusion in Section VI.

II. SYSTEM MODEL

We consider cooperative mobile-to-base communication
(i.e., Uplink of a cellular network) consisting of N source
nodes, M relays and a destination of the base. Fig. 1
denotes the system model. We assume a relay node can
convey signals from only one source, so actually the
numbers of sources and relays is same. We use s, r,
and d to denote the source, relay and destination node,
respectively. Let p = (p1, p2 · · · , pN ) where pi is the
transmit power of source i, and q = (q1, q2, · · · , qM )
where qj is the gain of relay j. Denote the link gain
between the transmitter of ith node and the receiver of
jth node is denoted by hij and the link gain between the
ith source node and the destination by hi. Let ηj be the
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noise power at the receiver j of each node. We assume the
link gain does not change during power control processes.

S̃ denotes a set of active source nodes, R a set of
candidate nodes for relaying and R̃ a set of active relaying
nodes. Let R̃s be a set of selected nodes for relaying from
source s, R̃ =

⋃
s∈S̃ R̃s.

Let γi(p) be the SINR of user i (i ∈ S̃), then traditional
SINR at receiver k is expressed as

γk =
pihik∑

i�=j pjhjk + ηk
. (1)

In [7], for a broad class of power controlled systems the
users’ SINR requirements can be described by a vector
inequality of interference constraints of the form:

p ≥ I(p), (2)

A power vector p ≥ 0 is called a feasible solution if it
satisfies the constraints (2). For a system with interference
constraints (2), we will examine the iterative power control
algorithm,

p(t + 1) ≥ I(p(t)). (3)

Conventional power control aims at finding a suitable
power vector so that the SINR requirement of all users
can be met. We have the following set of iterative power
control functions:

pi(t + 1) =
γt

γi(p(t))
pi(t), for 1, 2, . . . , N. (4)

This iterative algorithm is particularly a case in [3]. To
ensure system stability, it is important to know whether
the power vector converges to a fixed point.

We consider amplify and forward relay protocols. In
the first time-slot, a source transmits signals to a relay
and the destination, respectively. In the second time-slot,
relays forward the received signal from the first time-slot
to the destination.

The signals from the direct path and the relay path are
combined with maximal-ratio combining (MRC) at the
destination. Then SINR of the combined signal can be
expressed as

γ̃s = γs + δr, s ∈ S̃, r ∈ R̃s. (5)

where γs, δr are SINRs of the direct and relay path,
respectively. The SINRs are written as equation (6) and
(7) shown at the top of the next page, and then the SINR
of the combined signal can be expressed as (8).

III. DISTRIBUTED POWER CONTROL ALGORITHMS

FOR COOPERATIVE NETWORKS

In this section, we consider two scenarios for co-
operative networks. One of the scenarios is only relay
nodes control and update their gains while the power of
source nodes is constant. The other is the gain of the
relay nodes and power of the source nodes are controlled
synchronously.

A. Fixed Source Power and Relaying Gain Control

We show the interference function when relays control
their gain only. Assume all sources have the same target
value Γ. All users adjust their relay gains so as to hit
their targets, then we have the following interference
function Ir(q(t)). Note that the bar used as subscript
means constant.

q(t + 1) = Ir(q(t)) = qr(t) × γt − γ̄s

δr
. (9)

Ir(q(t)) = (γt − γ̄s) ×[qr(t)hr0

{(∑
i∈S̃
i�=s

p̄i(t)hir

)
+ ηr

}
hr0p̄s(t)hsr

+

∑
j∈R̃
j �=r

qj(t)hj0

{(∑
i∈S̃ p̄i(t)hij

)
+ηj

}
+η0

hr0p̄s(t)hsr

]
.

(10)

B. Simultaneous Control Both for Source Power and Relay
Gain

We show the interference function when sources control
their power and relays control their gain simultaneously. It
is similar to above equations, but in this case we achieve
interference functions Is(p(t)) of sources and Ir(q(t)) of
relays, respectively.

Is(p(t)) = γt
AB

hsB + qr(t)hr0hsrA
, (11)

Ir(q(t)) = γt
AB

ps(t)hs

qr(t) B + ps(t)hr0hsrA
. (12)

where

A =
∑
i∈S̃
i�=s

pi(t)hi + η0,

B = qr(t)hr0

{(∑
i∈S̃
i�=s

pi(t)hir

)
+ ηr

}
+

∑
j∈R̃
j �=r

qj(t)hj0

{(∑
i∈S̃

pi(t)hij

)
+ ηj

}
+ η0.

(13)

IV. CONVERGENCE OF POWER CONTROL

ALGORITHMS

To prove the convergence of the proposed power control
algorithms, we introduce the following definition para-
phrased from [7].

Definition : Interference function I(p) is standard if for
all p ≥ 0 the following properties are satisfied

• Positivity : I(p) > 0.
• Monotonicity : If p ≥ p′, then I(p) ≥ I(p′).
• Scalability : For all α > 0 , αI(p) > I(αp).
If I(p) is a standard interference function, the corre-

sponding power control algorithm (2) is called standard
and shown to converge to a given target [7]. The conver-
gence properties of the proposed power control algorithms
can be described by the following result:
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γs =
ps(t)hs∑

i∈S̃
i�=s

pi(t)hi + η0
, (6)

δr =
qr(t)hr0ps(t)hsr

qr(t)hr

{(∑
i∈S̃
i�=s

pi(t)hir

)
+ ηr

}
+
∑

j∈R̃
j �=r

qj(t)hj0

{(∑
i∈S̃ pi(t)hij

)
+ηj

}
+ η0

. (7)

γs =
ps(t)hs∑

i∈S̃
i�=s

pi(t)hi + η0
+

qr(t)hr0ps(t)hsr

qr(t)hr

{(∑
i∈S̃
i�=s

pi(t)hir

)
+ ηr

}
+
∑

j∈R̃
j �=r

qj(t)hj0

{(∑
i∈S̃ pi(t)hij

)
+ηj

}
+ η0

.

(8)

A. Fixed Source Power and Relaying Gain Control

We consider a case which in sources power is fixed and
relays control their gain by themselves

Proposition 2 : The proposed power control algorithm
where source power is fixed and relay gain control is
standard.

Proof : From (10), we observe that

qr(t)hr0

{(∑
i∈S̃
i�=s

p̄i(t)hir

)
+ ηr

}
+

∑
j∈R̃
j �=r

qj(t)hj0

{(∑
i∈S̃

p̄i(t)hij

)
+ ηj

}
+η0 > 0.

(14)

hr0p̄s(t)hsr > 0. (15)

Thus, if (Γ−γ̄s) > 0, the positivity property is satisfied.
If not, no needs to select a relay. Next, from (12) we verify
the monotonicity property.

(
qr(t) − q′r(t)

){
hr0

(∑
i∈S̃
i�=s

p̄i(t)hir + ηr

)}
+

∑
j∈R̃
j �=r

(
qj(t) − q′j(t)

){
hj0

(∑
i∈S̃

p̄i(t)hij + ηj

)}

≥ 0. (16)

Since q ≥ q′ , then qr(t)−q′r(t) ≥ 0, qj(t)−q′j(t) ≥ 0.
Thus, I(q(t)) ≥ I(q′(t)) , then the monotonicity property
is satisfied.

αqr(t)hr0

(∑
i∈S̃
i�=s

p̄i(t)hir

)
+

α
∑
j∈R̃
j �=r

qj(t)hj0

(∑
i∈S̃

p̄i(t)hij + ηj

)
+αη0 −

αqr(t)hr0

(∑
i∈S̃
i�=s

p̄i(t)hir + ηr

)
−

∑
j∈R̃
j �=r

αqj(t)hj0

(∑
i∈S̃

p̄i(t)hij + ηj

)
+η0 > 0.

(17)

Inequality αη0 − η0 = η0(α − 1) > 0 hold since α > 1,
therefore αI(q(t)) > I(αq(t)) if all the background noises
at mobile receivers are positive.

B. Simultaneous Control for Both Source Power and Relay
Gain

Proposition 3 : The proposed power control algorithm
in which source control their power and relay control their
gain simultaneously is standard.

Proof : We use (10), (11), and (12) equations for proof.
To do so, we verify that the convergence properties.

Let A ≥ A′, B ≥B’.

hsBB′(A − A′) +
qr(t)hr0hsrA

′A(B − B′) ≥ 0, (18)

and

ps(t)hS

qr(t)
B′B(A − A′) +

AA′ps(t)hr0hsr(B − B′) ≥ 0. (19)

Therefore, if p ≥ p′, q ≥ q′ then I(p(t)) ≥ I(p′(t)),
I(q(t)) ≥ I(q′(t)). Since all the path gains and the
background noises at mobile receivers are positive, the
positivity and the monotonicity properties are satisfied.

To prove scalability, we show the (10), (11), and (12)
equations, then we bring below easily. Let α > 1.

BhsB(α) (αA − A(α)) +
A(α)qr(t)hr0hsrA (αB − B(α)) > 0,

(20)

and

ps(t)hs

qr(t)
B(α)B (αA − A(α)) +

ps(t)hr0hsrA(α)A (αB − B(α)) > 0.

(21)

Since α > 1, It is easy to see that αI(p(t)) > I(αp′(t)),
αI(q(t)) > I(αq′(t)), so scalability property is satisfied.
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V. SIMULATION RESULTS

In this section, we provide the simulation results for
the amplify and forward relay protocol for cooperative
networks. We examine the convergence of power control
algorithm for cooperative networks. We first consider a
simple two-hop cooperative networks, consisting of four
source, four relay and one destination in single-cell sys-
tem. The sources and a destination are located 100m apart,
and four relays are distributed in a 100×100m square area,
and source and relay are in same quadrant become a pair
of this simulation, as shown in Fig. 2.

The link gain is modelled as a variable due to path-loss.
From [12], link gain for a macro-cell urban environment
can be modelled by

PL(d) = 38.4 + 35 log10(d) dB,

for 50m < d < 5km. (22)

where d is the distance in meter. We assume the link
gains between source and relay are fixed during the power
control and these are determined by the corresponding
node distance. We simulate the system for 100 power
control iterations.

Fig. 3 shows the SINR for the four users. In Fig. 3,
initially, all users transmit with same power as 200mW, all
users have the same target SINR -4.5dB. As can be seen
from the graph, the proposed algorithm converges to the
fixed point. We note that the transmitted source power of
the proposed algorithm converge to the fixed power value,
respectively in Fig. 4. The power and hence the SINR of
all users converge within 10 iterations.

Next we examine the case which sources control their
power and relays control gain simultaneously. The simula-
tion result is shown in Fig. 5 and Fig. 6. In this simulation,
we assume all users transmit power with same values
200mW. All users have the same target SINR -4.5dB. Fig.
5 shows the SINR of the four users when source control
their power and relay also control their gain same time.
In this case, we observe all users converge a fixed point,
and this case converge slower than the case of fixed source
power and relay gain control.

Fig. 2. System set-up for the simulation

Fig. 3. SINR which source power fixed and relay gain control only

Fig. 4. Source power which source power fixed and relay gain control
only

In Fig. 6 show the transmitted power of source. This
graphs also show the transmitted source power of the
proposed algorithm converge to the fixed power value,
respectively. From the graph, we see that convergence of
the case of simultaneous control for source power and
relay gain is slower than the case of fixed source power
and relay gain control.

VI. CONCLUSION

We propose simple power control algorithms for cooper-
ative networks. We consider two scenarios for cooperative
relaying, one is relay gain control only during source
power fixed, the other is source power control and relay
gain control simultaneously. We show the SINR of the
cooperative relaying of the direct link and the relay link,
and present the interference function of both cases. We
show that the proposed algorithm is a standard so that it
converges to a fixed point.
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Fig. 5. SINR which source power control and relay gain control
simultaneously

Fig. 6. Source power which source power control and relay gain control
simultaneously
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