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Abstract— This letter investigates the tradeoff between energy efficiency (EE) and spectral
efficiency (SE) in downlink multiuser OFDM using load matrix concept. Given the SE
requirement and maximum power limit, a constrained optimization problem is formulated to
maximize EE. Because of the multi-dimensional and non-convex nature of the problem, we
first transform the multicriteria optimization problem with high complexity into a simpler
single objective optimization problem. Then a novel power allocation algorithm is proposed to
achieve maximum EE. Simulation results demonstrate the effectiveness of the proposed
scheme as well as illustrate the fundamental tradeoff between energy efficient and spectral
efficient transmission in downlink multiuser OFDM.

Index Terms—Energy efficiency, orthogonal frequency division multiplexing, power
allocation

l. INTRODUCTION

Information and communication technology (ICT) is playing an increasingly important role in
global greenhouse gas emissions since the amount of energy consumption for ICT increases
dramatically with the exponential growth of service requirement. Therefore, pursuing high
energy efficiency (EE) is becoming the mainstream for future wireless communications design.

Various EE methods have been proposed for different layers of wireless communication
networks. For network planning it has been shown that reducing cell size can increase EE For
physical layer, different transmission techniques such as orthogonal frequency division multiple
access (OFDMA), multiple input multiple output (MIMO) techniques, and relay transmission
have been reconsidered from the EE point of view instead of traditional spectral efficiency (SE).
Energy efficient OFDM systems have been first addressed with consideration of circuit
consumption in [3]. It has been demonstrated that there is at least a 20% reduction in energy
consumption with performing EE optimization. In [4], cross-layer design for energy efficient
wireless communications has been discussed detailed. It has been shown that using both power
and modulation order adaptation, the EE-oriented design always consumes less energy than the
traditional fixed power schemes. In [5], it is shown that, by adapting modulation order to balance
transmit power and circuit power consumption, MISO systems outperform single-input single-
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output (SISO) systems. Adaptive switching between MIMO with two transmit antennas and
single-input multiple-output (SIMO) is addressed to save energy at mobile terminals. In this
letter, the tradeoff between EE and SE in downlink multiuser OFDM is addressed. We account
for both circuit and transmit power when designing optimal EE systems. The optimization
objective is to maximize EE while satisfying SE requirements and power limits. Compared with
throughput maximization under power limits [11] or the power minimization with respect to
target data rate constraints [12], this objective function, which measures as the transmitted bits
per unit energy consumption, is particularly suitable for designing green communication
systems. The multi-dimensional and non-convex nature of the optimization problem in multiuser
systems makes it more challenging than the throughput maximization or power minimization
problems. Hence, we first transform the multicriteria optimization problem with high complexity
into a simpler single objective optimization problem. Then we propose a novel power allocation
algorithm to achieve maximum EE. The comparison among the energy efficient power allocation
scheme, rate adaptive power allocation scheme and margin adaptive power allocation scheme is
carried out to demonstrate the advantage of the proposed scheme. The rest of this letter is
organized as follows. The system model is presented in the second section. Section Il introduces
a novel power allocation algorithm for achieving maximum energy efficiency in downlink
multiuser OFDM.

. OFDM DEFINATION

Orthogonal frequency-division multiplexing (OFDM) is a method of encoding digital data on
multiple carrier frequencies. OFDM has developed into a popular scheme for wideband digital
communication, whether wireless or over copper wires, used in applications such as digital
television and audio broadcasting, DSL Internet access, wireless networks, powerline networks,
and4G mobile communications.

OFDM is a frequency-division multiplexing (FDM) scheme used as a digital multi-
carrier modulation method. A large number of closely spaced orthogonal sub-carrier signals are
used to carry datal! on several parallel data streams or channels. Each sub-carrier is modulated
with a conventional modulation scheme (such as quadrature amplitude modulation or phase-shift
keying) at a low symbol rate, maintaining total data rates similar to conventional single-
carrier modulation schemes in the same bandwidth.

The primary advantage of OFDM over single-carrier schemes is its ability to cope with
severe channel conditions (for example, attenuation of high frequencies in a long copper wire,
narrowband interference and frequency-selective fading due to multipath) without complex
equalization filters. Channel equalization is simplified because OFDM may be viewed as using
many slowly modulated narrowband signals rather than one rapidly modulated wideband signal.
The low symbol rate makes the use of a guard interval between symbols affordable, making it
possible to eliminate intersymbol interference (ISI) and utilize echoes and time-spreading (on
analogue TV these are visible as ghosting and blurring, respectively) to achieve a diversity gain,
i.e. asignal-to-noise ratio improvement. This mechanism also facilitates the design of single
frequency networks (SFNs), where several adjacent transmitters send the same signal
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simultaneously at the same frequency, as the signals from multiple distant transmitters may be
combined constructively, rather than interfering as would typically occur in a traditional single-
carrier system.

1.  SYSTEM MODEL

This letter considers the downlink of multiuser OFDM in a single cell with M mobile station
(MS) and N Remote Access Unit (RAUS), as shown in Fig. 1. The radius of the circular cell is R.
The BS can be regarded as a special RAU and is denoted by RAU 1. The RAUs connected with
the center BS/RAU 1 through optical fibers. We assume that channel state information (CSl) is
available at the transmitter and receiver. When the maximum ratio combining (MRC) is utilized
at the receiver, the signal to noise ratio (SNR) of MS is given by
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TABLE 1
SIMULATION PARAMETERS

Parameters Value
Target BER 0.001
Moise power o2 -104dBm
Number of users Ad 10
Mumber of RAUS N 9

Cell radius F2 1 000m
Minimum SE 1 bit's/Hz
Maximum power pMas 30dBm
Circuit power P 0.2wW
Path loss exponent o a7
Shadow fading .z BdB

IV. OPTIMAL POWER ALLOCATION ALGORITHM

To obtain the optimal power allocation algorithm for achieving maximum EE in the downlink
OFDM as follows:

Step 1: calculate optimal power in transmitters and receivers
Step 2: calculate upper bound and lower bound values

Step 3: calculate optimal power at transmitters and receivers
Step 4: allocate the antennas for trans mission and reception

V. SIMULATION RESULTS

capacity vs Eb/NO for varying nr in rician channel with one dominant path
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Figure 5.1(a): SNR capacity versus transmit E, /N, for Rician channel with Rician factor, K=1

and p;=0 dB
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capacity vs Eb/NO for varying nr in rician channel with two dominant paths
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figure 6.1(b) SNR capacity is plotted for 2 transmitters and different receivers with k=1. It is
observed that the capacity is increased as the no. of receivers increased. Assuming that the
dominant paths are two and interference to noise ratio is 0dB

VI. CONCLUSION

In this letter, we have investigated the EE-SE relation in downlink DAS. A novel power
allocation algorithm is proposed to achieve maximum EE. Simulation results show that there is a
tradeoff between EE and SE, which is very important for designing green communication
systems. For future research, EE-SE tradeoff model and power allocation scheme when OFDM
techniques are utilized and/or multiple cells are deployed need to be addressed.
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