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ABSTRACT 

The transmit power level determines the quality of the signal received at the receiver node, 
the range of transmission, and the magnitude of the interference it creates for other 
receivers. These factors have considerable influences on several layers in the protocol stack 
for example, MAC, network, and transport layer. Therefore, transmission power control 
problem can affect many aspects of the operation of the wireless ad hoc networks. In this 
paper we study some of valuable algorithm that have been proposed for controlling the 
transmit power level in Ad hoc networks. 
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1. INTRODUCTION 

 
With the proliferation of portable wireless terminals, wireless ad hoc networks have attracted significant 

attentions in recent years as a method to provide data communications among these terminals without 
support from infrastructure. Nodes in a wireless ad hoc network operate not only as hosts but also as routers, 
forwarding packets on behalf of other nodes whose destinations are not in their direct transmission range. 
Such network is self-configured; that is, nodes in the network automatically establish and maintain 
connectivity with other nodes.  

Transmission power control problem in wireless ad-hoc networks is the selection of transmit power 
level for packet transmission at each node in a distributed manner [1]. The transmit power determines the 
signal strength at the receiver, the transmission range, and the interference it creates for other receivers in 

the network. A transmitter s can successfully send a signal to a receiver t if atsdPs ),(. , where sP is the 
power of the signal transmitted, ),( tsd is the Euclidean distance between the transmitter and the receiver, 
and   is the receiver’s power threshold for signal detection which is usually normalized to 1.  

Therefore, transmission power control affects the sharing of wireless medium, thereby affecting many 
aspects of the operation of wireless ad-hoc networks. Transmission power control is a key factor to several 
performance measures such as throughput delay, and energy efficiency. Reducing transmit power level can 
reduce the energy consumption for communication and increase the spatial reuse of wireless medium, which 
improves the throughput of wireless network. 

Based on the above observations, transmission power control problem can be regarded as a typical 
example of cross-layer design problems in wireless ad hoc networks. Intensive research has been conducted 
to improve the network performance in terms of network throughput, delay, and energy efficiency with 
transmission power control. The first wave of such approaches is power-controlled MAC protocols— for 
example, BASIC schemes [2–5], PCM [6, 7], PCMA [8], and so on. Then other approaches with 
transmission power control are exploited to improve the network performance. These early works only 
consider the interplay between power control and single layer; hence they may not necessarily lead to 
performance improvement when combining power-aware algorithms across multiple layers. Simulation 
results in reference [9] show that this phenomenon can be realized under certain conditions. Therefore, 
power control problem should be tackled in a systematic approach [10–15]. 
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Energy is a precious resource in wireless ad hoc networks because most nodes in the network are driven 
by battery and cannot be recharged in most cases. In order to keep the network functional as long as 
possible, energy-efficient algorithms should be devised. By reducing transmit power level; energy 
consumption for packet transmission at each node can be reduced. Thus, transmission power control is an 
important technique to design energy-efficient algorithms for conserving the battery energy of nodes and 
prolonging the functional lifetime of the network. Techniques such as energy-efficient routing [16–18], 
topology control [19–23], and power management [24–27] also help to improve energy efficiency of 
wireless ad hoc networks. 
 
2. Design Principles for Power Control 

Since transmission power control can affect several layers of the protocol stack, it is a prototypical cross-
layer design problem in wireless ad hoc networks. Cross-layer design, in general, should be approached 
holistically with some caution, keeping in mind the longer-term architectural issues [28]. Kawadia and Kumar 
[1] enumerate several principles that guides the design of transmission power control algorithms. 

 Effect of Power Control on Capacity and Throughput.   
 Effect of Hardware on Power Control 
 Effect of Load on Power Control [29].   

 
3. Power Control in Ad hoc Networks 

The proposed protocols in ad hoc networks should attention to layers for control the transmission power. 
In this section we discuss the problems of MAC, network and transport layers in controlling the transmission 
power of nodes. We study the interactions between transmission power control and these layers. 

Carrier Sense Multiple Access (CSMA) is a probabilistic Media Access Control (MAC) protocol in 
which a node verifies the absence of other traffic before transmitting on a shared transmission medium, such 
as an electrical bus, or a band of the electromagnetic spectrum. This protocol uses a four-way handshake 
based on the CSMA/CA mechanism to resolve the channel contention. If node A wants to send data to 
another node B, it first sends a request-to-send (RTS) packet to B, which replies with a clear-to-send (CTS) 
packet. The data transmission A→ B can now proceed; and once completed, node B sends back an 
acknowledgment (ACK) packet to node A. The RTS and CTS packets include the duration of DATA and 
ACK transmission and are used to reserve a transmission floor for the subsequent DATA and ACK packets. 
Nodes transmit their control and data packets at a fixed (maximum) power level. The carrier sensing MAC 
protocols are simple, but overly conservative. This leads to low spatial reuse, low energy efficiency, and 
high cochannel interference. For example, consider the situation in Figure 1, where node A uses its 
maximum transmit power (TP) to send packets to node B. So, the region reversed for the communication 
between node A and B. According to CSMA/CA, since nodes D and E fall into the reserved region, they 
have to refrain from transmission to avoid interfering with the ongoing transmission between A and B. 
However, the three data transmission A → B, D → C, and F → E can be active simultaneously if nodes are 
able to synchronize locally and select appropriate transmission powers. Furthermore, all the necessary 
transmit power will be less than the maximum transmit power level defined in 802.11, which means that 
much energy can be saved. 

 
Figure 1. RTS/CTS approach of 802.11 

 

The basic idea of power controlled MAC protocols in the literature is as follows. Nodes exchange their 
control packets (e.g., RTS/CTS packets) at the maximum allowable power level in order to reduce the 
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collision probability of DATA and ACK packets, but send their DATA and ACK packets at the minimum 
power level necessary for reliable communication. 

In BASIC power control schemes [2–5], RTS and CTS packets are sent at the highest (fixed) power 
level (Pmax), and DATA and ACK packets are sent at the minimum power level necessary to communicate 
with each other. The BASIC schemes are designed to improve energy efficiency. The RTS/CTS handshake 
is used to decide the transmit power for subsequent DATA and ACK packets. Though BASIC schemes can 
reduce the energy consumption, it can lead to network throughput degradation as shown in references [6] 
and [7]. The reason is that reducing power for DATA packet transmission also reduces the carrier sensing 
range so that ACK (as well as DATA) packets are more likely to be collided. This leads to retransmission of 
this packet and reduces throughput. Moreover, more energy is consumed for this packet delivery. 

A Power Control MAC (PCM) [6, 7] works similar to the BASIC schemes in the way that it also uses 
maximum allowable power level Pmax for DATA/ACK packet for the RTS/CTS packet transmissions and 
the minimum necessary power level Pmin collision caused by the reduced carrier sensing range during the 
DATA packet transmission, PCM periodically increases the transmit power to Pmax. In this way, PCM 
effectively reduces the amount of possible collisions induced by BASIC schemes, thereby reducing the 
number of retransmissions as much as possible. Thus, PCM can achieve the goal of energy saving. Results 
show that PCM can achieve a throughput comparable to the IEEE 802.11 but with less energy consumption. 
However, PCM requires a frequent increase and decrease in transmit power levels, which is not easy in the 
implementation. 

The Power Controlled Multiple Access Protocol (PCMA) [8] proposes a flexible “variable bounded-
power” collision suppression model with two separate channels (data channel and busy tone channel), which 
is generalized from the transmitter-defer “on/off” collision avoidance model of CSMA/CA. PCMA works 
effectively in terms of energy conservation while increasing the network throughput. Results show that 
PCMA can improve the throughput performance by more than a factor of 2 compared to the IEEE 802.11 
for highly dense networks. 

The POWMAC protocol is a comprehensive, throughput-oriented, and single channel MAC protocol for 
wireless ad hoc networks [30]. Instead of exchanging only one pair of control packets (RTS/CTS) during 
one four-way handshake, POWMAC uses an access window (AW) to allow a series of RTS/CTS exchanges 
to occur before the multiple, concurrent data packet transmissions. The length of an AW is dynamically 
adjusted based on local traffic load information such that the maximum number of concurrent transmissions 
in the vicinity can be achieved. Collision avoidance information is inserted into the CTS packet and is used 
to bound the transmit powers of potential interfering nodes, rather than to silence these nodes. The basic 
operation of POWMAC is described in Figure 2. 

 

 
Figure 2. Basic operation of POWMAC 

 
Fang and Rao [31] formulate the resource allocation (power) problem of maximizing the sum of 

transmitter utilities subject to a minimum and maximum data rate constraint per link and peak power level 
constraint per node in a wireless multi-hop network. The Additive Gaussian White Noise (AWGN) channel 
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is assumed to be the channel model, so the system utilities defined as functions of link rates enjoy the same 
properties as functions of transmission powers. Because the system utilities are functions of the transmit 
power levels of nodes, they propose a distributed power control algorithm based on the gradient method. 
The update of transmit power is as follows: 

 

 

where 
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 is the gradient of the objective function in each iteration, and  is the step size. The 

scheduling policy is a greedy degree-based scheduling algorithm, trying to limit the total interference at the 
receivers by scheduling a small number of transmitters around them. Simulation results show that this 
algorithm achieves significant throughput improvement. 

The COMPOW power control scheme is the simplest power control at the network layer. In 
COMPOW, each node chooses a common power level. The power level is chosen such that the network 
remains connected. This can be achieved by running multiple independent routing protocols, one for each 
feasible power level, and a COMPOW agent figures out the lowest possible power level that ensures the 
connectivity of the network. The protocol has nice features such as bidirectional links, which allow all OSI-
based protocols to operate normally over wireless networks. This protocol provides good performance when 
nodes are uniformly distributed in the networks. However, for constantly moving nodes, the protocol incurs 
significant overheads, and convergence to a common power level may not be possible. Moreover, the 
performance of the COMPOW scheme would be highly degraded in the presence of few isolated nodes that 
require large transmit power for ensuring connectivity. Gomez and Campbell [32] provide an analysis on the 
pros and cons of common range power control and variable range power control. Their results show that a 
variable-range transmission approach can outperform a common-range transmission approach in terms of 
energy savings and capacity improvement, and this motivates the design of the CLUSTERPOW scheme. 

Radunovic and Le Boudec [12] study the problem of optimal scheduling, routing, and power control 
that achieves max–min fair rate allocation in a multi-hop wireless network. They restrict their study to 
symmetric, one-dimensional networks with line and ring topologies, and they numerically solve the problem 
for a large number of nodes. The point-to-point link is modeled as single-user Gaussian channels where 
nodes cannot send and receive at the same time, and both direct and minimum-energy routing techniques are 
investigated in the simulation. Numerical results reveal several interesting design guidelines for optimal 
scheduling, routing, and power control design: 

 For small power constraints, it is better to relay, for both direct and minimum energy routing 
techniques. 

 For high powers, it is optimal to send data directly to the destination. 
 For symmetric networks, it is optimal to schedule only one link in each slot and rotate these 

timeslots. Moreover, the optimal power allocation policy is 0 or full power policy. 
Radunovic and Le Boudec [13] give a mathematical analysis on the problem of optimal power 

allocation, rate adaption, and scheduling in a multi-hop wireless network. Assumptions are made that the 
rate-SINR function is linear, and fine-grained rate adaption is allowed (e.g., TH-UWB, low-gain CDMA 
wireless networks). The authors prove that the optimal power allocation is 0 or full power policy, and hence 
power control is not required. However, if the number of possible link rate is small, it is desirable to use 
power control and scheduling to increase the network throughput. 

Radunovic and Le Boudec [33] studied the problem of optimal power control, scheduling, and routing 
in UWB wireless networks. In UWB wireless network, the link capacity is a linear function of the SINR at 
the receiver. For this particular physical-layer characteristic, the authors prove that the optimal power 
control policy is sending at the full power whenever data are sent over a link; otherwise, the link should 
remain silent. The reason is that the rate on a UWB link can always increase when the SINR at the receiver 
is increased. Even though an increase of a transmit power will increase interference at other receivers, this 
will always be compensated by the increase of the rate on the link itself. The optimal MAC design should be 
a combination of rate adaptation and mutual exclusion. The rates of senders should be adapted to the amount 
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of noise and interference at the receiver; and when a node is receiving, it should maintain an exclusion 
region where any nodes in this region should remain silent during the reception. The size of this exclusion 
region depends only on the power constraints of the source of the transmission, and not on the length of this 
link or the position of other nodes. The optimal routing algorithm is minimum energy routing (MER) not 
only from the energy but also from throughput performance viewpoint for static networks. Another 
interesting result is that MAC layer is insensitivity to the choice of routes; that is, the optimal MAC protocol 
does not depend on the choice of routes. 

The early energy-aware routing algorithms are based on shortest path algorithms. Instead of using delay 
or hop counts as the link metrics, energy-oriented link metrics such as signal strength [34], battery energy 
level at each node [35, 36], power level [37, 38, 39, 40],and energy consumption per transmission[9,40] are 
used in these algorithms. The link condition and power level of nodes are exchanged periodically in order to 
keep these metrics up-to-date. In this way, energy consumption for routes can be minimized. However, 
certain nodes in the network may drain energy out faster than other nodes since these nodes may lie on many 
paths. Therefore, energy consumption must be balanced among nodes to increase network lifetime. 

Chang and Tassiulas [16, 17] formulate the problem of maximizing the lifetime of network as a linear 
programming problem. By solving the optimization problem, the network lifetime can be maximized. 
However, the optimal solutions either are not distributed or induce significant computational and 
communication overhead. Chang and Tassiulas [17] also propose a heuristic based on shortest path routing. 
The link cost is proportional to the energy consumed per packet and is inversely proportional to the 
normalized resident battery energy at sender and receiver. The battery status of nodes should be broadcast 
periodically in order to keep the link cost up-to-date. Simulation results show that the heuristic can 
approximate the maximum network lifetime if the frequency of information update is large enough. 
Zussman and Segall [18] formulate the energy-efficient any cast problem that follows the method in 
references [16] and [17], and they propose an iterative algorithm to obtain the optimal solution. 

Geographic adaptive fidelity (GAF) [24] is an energy-aware location-based routing algorithm. It forms 
a virtual grid of covered area. Each node uses its GPS-indicated location to associate itself with a point in 
the virtual grid. Nodes associated with the same point on the grid are considered equivalent in terms of the 
cost of routing. Such equivalence is exploited in keeping some nodes located in a particular grid area in the 
sleeping state in order to save energy. Thus, GAF can substantially increase the network lifetime if the 
number of nodes increases. 

 
Figure 3: State transitions in GAF 

 
Nodes change states from sleep to active in turn so that the load is balanced. Three states are defined in 

GAF: the discovery state for determining the neighbors in the grid, the active state reflecting participation in 
routing, and the sleep state when the radio is turned off. The transition of states is depicted in Figure 3. The 
duration of the sleeping state is application-dependent, and related parameters are tuned accordingly during 
the routing process. In order to handle to mobility, each node in the grid estimates its leaving time of the grid 
and sends this to its neighbors. The sleeping neighbors adjust their sleeping time accordingly in order to 
keep the routing fidelity. Before the leaving time of the active node expires, sleeping nodes wake up and one 
of them becomes active. In this way, GAF keeps the network connected by keeping a representative node 
always in the active state for each region on its virtual grid. Simulation results show that the GAF performs 
at least as well as a normal ad hoc routing protocol in terms of latency and packet losses while increasing the 
lifetime of the network by saving energy. 
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4. Conclusion 
Since power control has a significant impact on the functionalities in layers of the protocol stack in 

wireless ad hoc networks, it is a prototypical example of cross-layer design for wireless networks. Power 
control can reduce transmit power level (and hence gain energy conservation) and performance (e.g., 
throughput, delay) improvement by alleviating the congestion of wireless medium. There are many 
approaches to obtain the above benefits with power control. In this survey, we first distill some design 
principles that can serve as a guide to the design of the power control problem based on the impacts of 
power control on different layers. Then we address the power control problem in a single layer. The basic 
idea is intuitively given, and also several algorithms are introduced. Then we address the power control 
problem in a systematic approach, motivated by the principle that cross-layer design should be tackled 
holistically. Finally we consider the power control problem in a totally different perspective. We study 
various methods combined with power control to improve energy efficiency of wireless and hoc networks. 
Power controls a good strategy to improve the network performance and conserve energy if joined with 
other approaches. Though there are many works that follow this methodology, research is still needed to 
further exploit its benefits, and some interesting and critical open issues are given in each section. 
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