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Abstract—This paper proposes a novel transmit power rate transmission by using a number of those low bit rate sub-
allocation combined with the phase compensation for OFDM carriers. Frequency bandwidth is divided into small ranges and
system. This technique consists of adapting the power allocation each of them is handled by these low rate sub-carriers. The

and the phase compensation in the frequency domain depending . . .
on the channel variations. Optimization process is based on subcarriers are orthogonal to each other. To obtain this prop-

the optimality of the global Bit Error Rate (BER). Simulation  €rty, the subcarrier frequencies must be spaced by a multiple
results show significant performance gains can be obtained by of the inverse of symbol duration. Multi-carrier modulation
the proposed scheme regardless of baseband modulation schemesgystem can provide immunity against frequency selective fad-
ing because each carrier goes through non-frequency selective
fading. However, the channel must be estimated and corrected
for each sub-carrier.

Keywords- OFDM, phase compensation, Lagrangian method,
global BER optimization.

I. INTRODUCTION Figure 1 shows the transceiver of the conventioanl transmis-
Orthogonal Frequency Division Multiplexing (OFDM)
has received considerable interest over the last decade fol

its advantages in high-bit rate transmissions over frequency
slective fading channels. In OFDM systems, the input high- ., = & ] ]
rate data stream is divided into many low-rate streams [1], so Cchannel >
called subcarriers, that are transmitted in parallel. Robustness N N
to multi-path delay is obtained when appropriate guard ¢
interval is inserted in the transmitted frame. In frequency .
selective fading environment, fading conditions strongly affect aamé,_. _,é_,
the channel gains of each subcarrier. In this paper, we propose — —
to combine the phase compensation at the transmitting part
and the adaptation of the transmit power in the frequency Fig. 1. Conventional transceiver with phase compensation
domain in terms of channel condition of each load subcarrier.
The proposed method consists of grouping a certain numkgsn with phase compensation at the transmitting part.
of subcarriers and local power allocation in each subcarrier
group. In addition, the power allocation value is combined orEpMm transmitter
with a phase, which compensates the channel selectivity in
the frequency domain. The rest of the paper is OrganizedThe High-speed binary data are first encoded (convolutional
as follows. In Section Il we review the system model. I§0ding) and modulated (QPSK, 16-QAM or 64-QAM). Then
Section Ill, we introduce the estimate value of BER foflata are converted to parallel low speed modulated data
channel encoded sequence and we describe in detail $€ams and fed to several subcarrier channels. The modulated
proposed power adaptation scheme in the frequency domé&iignals are frequency-division multiplexed by an N-point in-
In addition, we highlight the combination of the phas¥erse discrete Fourier transform (IDFT). The resulting OFDM
compensation with the power adaption. Section IV givedignal is then converted into an analog signal by a digital-
the experimental results over QPSK and QAM modulationghalog (D/A) converter, up-converted (U/C) to the RF band
Finally, conclusions are drawn in Section V. and transmitted. For reliable detection, it is typically necessary
that the receiver knows the wireless communication channel
and keeps track of phase and amplitude variations. To enable
Il. SYSTEM DESCRIPTION the estimation of the wireless communication channel, the
The principle of OFDM transmission scheme is to redudeansmitter occasionally sends known training symbols. For in-
bit rate of each sub-carrier [1] and also to provide high b#tance, a preamble, which includes channel training sequences,
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is added to every packet in IEEE 802.11 WLAN standards [25aussian noise. Thus it results in a frequency-flat-fading
[3]. Consider an OFDM system that transmits modulated signal model per sub-carrier.
data symbols in théth OFDM symbol period throughv sub-

channels. For théth block symbol, the transmitted baseband ) o
OFDM signal is expressed as [4]: D. Phase compensation and equalization

N1 As described previously, the channel in a multipath environ-
1 . 2m.nk ; : o
Sim = ) Z ik exp{—jOi}. exp 4 j 1) ment is frequency selective faded. The main impact concerns
" VN P the equalization (in the case of appropriate guard interval
whered, is the phase compensation of the channel orkttie selection). The channel representation in the frequency domain

subcarrier ande; , is the modulated data symbol of thieh can be represented by:

OFDM symbol. To combat inter symbol interference (ISI) and Bn = | |.€7%m )
inter carrier interference (ICl), guard interval (Gl) [5] such as _ ) "

cyclic prefix (CP) or zero padding (ZP) is added to the OFDMO: We multiply each load subcarrier by the vatue®.
symbols. In the case of the CP, the |a& samples of every At the receiving part, due to the structure of the proposed

OFDM symbol are copied and added to the heading part. TRgheme, the complexity part of the equalization is highly
transmitted signal can be described as follow: reduced. It simply consists of the modulation adaptation

(especially for the QAM modulations) including the channel

sgf’}wﬁn for0<n < N, variation. the channel equalization coefficient can be written
5 = () as: 1
s _n,  for Ny<n<N+N, G = (/Do) ™ (5)
where G,, € R denotes the equalizer value for the-th
subcarrier.

B. Channel representation and detection scheme

_ We assume tha_lt the system is operating in a frequent_:y s_elec- lIl. POWERALLOCATION SCHEME
tive Rayleigh fading environment [6] and the communication
channel remains constant during a packet transmission. DAta
frame duration is assumed to transmit within the coherentFigure 1 shows the main features of the proposed system.
time of the wireless system. In this case, channel variatiohbe basic principle of the combined phase compensation
remain constant during on frame transmissions and magpd power allocation for multi-carrier signal is to perform
change between consecutive frame transmissions. We supggsgse estimation and compensation at the transmitting part
that the fading channel can be modeled by a discrete-tiraed frequency domain optimization of the transmit power
baseband equivalef. — 1)-th order finite impulse responsein function of the channel state information (CSI) and the
(FIR) filter whereL represents time samples corresponding &xpression of the global BER for the different modulations.
the maximum delay spread. In addition, an Additive Whit&he Lagrangian optimization method will be proposed to
Gaussian Noise (AWGN) with independent and identicallgbtain analytical value of the power allocation for each load
distributed (iid) zero mean, complex Gaussian elements sgbcarrier. Furthermore, constraint is added in order to keep
assumed. constant the global transmit power at the transmitting part.
. The optimal case is to consider the power allocation scheme
C. OFDM receiver through one multi-carrier symbol which is represented by
At the receiver, signals are passed through a down- convergerelements. However, due to the computation complexity
(D/C) and a analog to digital converter with ratél’s. Then, to perform power allocation scheme, we propose to perform
the Gl is removed and th& -point Discrete Fourier Transform jt through a limited number of subcarrier denotdd and
(DFT) is performed. Since channel parameters suppose tothén we repeat the allocation scheiNgN, times. The total
frequency selective, detection has to be done per subcariigwer resource assigned by the proposed algorithm satisfies
Finally, de-mapping, de-interleaving and channel decoding afe simple relation that the total transmit power is kept
performed on the data streams and the resulting data a#stant. The phase analysis is obtained by estimating the
combined to obtain the original binary sequence. phase rotation for each load subcarrier and the compensation
When the maximum delay spread does not exceed Gl, singeperformed by simply multiplying the conjugate of the
ISI does not occur on OFDM symbol basis, the frequen@hase on each load subcarrier.
domain OFDM signal after removal of Gl is described by:

Proposed principle

Yjom = hom X Tjom +1jm () B. Bit Error Rate approximation

wherey; ,,, is the received signal for thgth OFDM symbol We next list the assumptions adopted in this paper. The
and them-th sub-carrier and,,,, is the channel parameter forchannel is frequency flat, and remains invariant per frame, but
the m-th sub-carrier. In additiony; ,, denotes the additional is allowed to vary from frame to frame. This corresponds to



C. Power adaptation
] Proposed power allocation consists of optimizing the BER
X Demod . . A . )
function described below by estimating optimum power alloca-

tion [8]. Power allocation algorithm determines how to allocate
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¢ the power in the frequency domain. The global power resource
- . assigned by the proposed algorithm satisfies the simple relation
mé}# ——éb—— that t_he tqtal t_ransmllt power is kept constaqt. Pr|nC|pIe_ is
***** P — described in this section for one set of subcarrier. In practical
implementation (i.e. for simulation), proposed method are

Fig. 2. Proposed transceiver with phase compensation repeatedV/Ns times. This constraint for each selected subset

of size N, can be described by:

— T m-—-

a block fading channel model, which is suitable for slowly- N;—1 -

varying channels. As a consequence, power allocation is Z Pm = Ns.P (8)
adjusted on a frame-by-frame basis. Perfect channel state in- m=0

formation (CSI) is available at the receiver. The corresponding

power selection is fed back to the transmitter without any erraihere P, denotes the average Transmit Power on the subcar-
and latency. The assumption that the feedback channel is erief m and NV, represents the size of the cluster.

free and has no latency, could be at least approximativelype average BER becomes minimal when the BER is mini-
satisfied by using a fast feedback link with powerful erromized for each given channel state. Equivalent mathematical
control for feedback information. Further considerations digpresentation can be given by:

system design with delayed or noisy CSI will be in the future

considered. min (5, pm)

For flat fading channel adhering the previous assumptions,

the channel characteristics is captured by the received SNR. subject to: 9
The received SNR is a function of the variance of the noise, Na—l —

the channel state information, and the transmit power. Since lgo Pm = Ns.P

the channel varies from frame by frame, the approximated

BER can be described as a function of the received SNbhe possibility to solve this optimization problem is to apply

(i.e. transmit power for each transmit antenna and chanmgé | agrangian procedure on each cluster. The processing can
condition). In [7], a general formula describing this relatiope described as:

in a flat fading channel environment is proposed. Typically, the

BER for any modulation can be simply estimated as follows: 1 N7l
J(pOa"'vas—l) = f(ﬁmvpm)
(B pm) ~ a X exp { —b X B X pm } (6) Nei ;
ith: N.-1
Win- + A% (Y pm— N, x P) (10)
‘hm‘Q ; =0

Then, optimal solutions are obtained by solving for each
where N,,,, 02, and p,, are respectively the number of bitstransmit antenna:
per symbol, the variance of the noise and the transmit power

on them-th subcarrier. 10 Ns_lf )
. . ) , +A=0
Table | summarizes the heuristic value of the parameters N 8pm< l; (B, pm)
and b defined in (5) for several modulations. Parameters are (112)
obtained by fitting (5) to simulated data. Nel

> Dm— N, P=0
TABLE | =0

TRANSMISSION MODES FOR DIFFERENT MODULATION By introducing the explicit estimation of the BER in the set

Modulation OPSK [ 16-0AM | 64-OAM of equations, we can write for each transmit antenna that:
Rate (bits/symb.) 2 4 6
a 0.2 0.2 0.15 —a.b.Bm _
— X —0. . =
b 1.66 1.73 1.68 Ns XP(=b-fm-pm) + A =0
No—1 (12)

> pm—Ns.P=0
=0



After calculation and rearrangement, we finally obtain theonventional scheme and proposed method are plotted. In Fig.

following general solution:

N;—1 5 -1
Pm = |:1+ Z m:|
= Bu

uF#Em

N.-1
X [NS.P—&—l X Z S x log (ﬁm)] (13)

3, the conventional scheme represents the phase compensation
at the transmitting part without any power allocation. In
addition, effect of the grouping size is highlighted in this
figure. Larger is the group selection, better is the BER
performance. However, a trade-off needs to be accepted
between the complexity and the performance. Size of the
group selection directly affects the complexity of the proposed
system as described in Eq. 11. The different summations

Due to the specificity of the Lagrangian calculation (oni§"d ratios that are estimated, depend on the size of group

mathematical solutions are obtained), we need to add a cd
straint when the output of the Lagrangian optimization does
not reflect any physical solution, typically when we obtain:

ﬁlection. Simulation results show that at average BERZ,

1

conventional scheme
proposed scheme, Ns=2 = =
proposed scheme, Ns=4 = = =

pm < 0. In this case we propose to apply the conventional 01 p T Proposed scheme: N8 777
scheme. It
We repeat the power allocation process for each cluster of oo g

subcarrier which composes the OFDM symbol. In the pro-
posed scheme, the channel variation in the frequency domain
is available both at the transmitter and at the receiver parts. So,
we propose to weight the value of the power distribution by
the inverse of the phase coming from the channel variations.
In that case, the coefficient which is multiplied on each load
subcarrier is equal to:

Prm = A/Pm.€ m (14)

where p,, is the modulated power coefficient on the-th
subcarrier.
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Fig. 3. Performance Simulation for QPSK modulation

IV. EXPERIMENTATION

respectively, 3, 5, and 7 dB gains are obtained for the group
selection sizeV, = 2, N, = 4 and N, = 8.
In the Fig. 4, results are presented for the case 16-QAM

We now evaluate the performance of the proposed power
allocation method for multi-carrier scheme in a mutli-path fad-
ing environment. Main simulation parameters are introduced
in the Table Il. We assume perfect knowledge of the channel
variations both at the transmitting and receiving parts. For all
simulations, an exponential model with 1-dB decay multi-path
model is assumed. Carrier frequency is equal to 2.4GHz, the
IFFT/FFT size is 64 points and the guard interval is set up
at 16 samples. Effect of proposed scheme for several cluster
sizes and different modulations is highlighted.

TABLE Il
SIMULATION PARAMETERS

Bit Error Rate
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Fig. 4. Performance Simulation for 16-QAM modulation

Carrier Frequency 2.4 GHz
Bandwidth 20 MHz
Modulations QPSK, 16-QAM, 64-QAM

Channel encoder No code

Channel estimation Perfect CSI

Number of data subcarrier 64
Guard Interval length 16
Channel model 10-path, Rayleigh Fading
Sample period 0.05us
Number of data packet 50
Cluster size Ns) 2,4,8

modulation for different group selection. Gains obtained by
performing proposed power allocation scheme with ordering
are equal to 2.8dB foiN, = 2, 4.4dB for N, = 4 and 6.4dB

for N, = 8 at average BERH) ™.

Average BER versus the total SNR are presented in the

Performance evaluation is presented in the figure 3 fBig. 5 for the case 64-QAM modulation. Gain obtained
the case of QPSK modulation. The performances of bolly performing proposed power allocation scheme becomes



relatively significant. At average BER§~*, 3dB for NV, = 2, [11]

4.5dB for N, = 4 and 6.2dB forN, = 8 gains are obtained. 12

conventional scheme =
proposed scheme, Ns=2 = = =
proposed scheme, Ns=4 = = =
proposed scheme, Ns=8 ===
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Fig. 5. Performance Simulation for 64-QAM modulation

V. CONCLUSION

In this paper, we have presented an original method to com-
bine a power allocation with a phase compensation. The basic
procedure consists of allocating transmit power in function of
the channel conditions and the global BER requirement and a

R. Gallager, "Low Density Parity Check code§ambridge, MIT press
1963

G. E. Oien, H. Holm, and K. J. Hole, "Adaptive Coded Modulation With
Imperfect Channel State Information: System Design and Performance
analysis Aspects,in Proc. IEEE Int Symposium Advances in Wireless
CommunicationsVictoria, Canada, pp.19-24, Sept. 2002.

phase compensation. The second part of the proposed method

(i.e. phase compensation) is obtained by channel estimation.
The simulation results have shown promising results in term

of BER for several sets of cluster configuration and different

modulations. In addition, this proposed system can be adapted
to any type of detection scheme [9] and any type of coding

scheme such as turbo code [10] or low density parity code
[11]-[12].
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