Y] a a Jd
135”5933%81“7‘1—!5
T NaINNd UHINNSNHATIAAS

rnssumansuriiada Genssy T

USayan

Janssulih Fanssulih

TN M

A ad o o w 1 o o ] @ a g 9 Ao v o w
1394 IADANTINIANAITIHIT VYO ﬂluﬂJUWiI!T@LfJV‘IﬂLﬂiJlliﬁﬁﬂﬂiJ Gl‘i?”ﬂﬂﬂﬂﬁ‘ﬂiﬂﬂﬂ

Transmit Power Allocation Schemes For Wireless OFDM Channels with Finite-Rate

Feedback

LY a A

WA ween AuAsansna

lanarsantivveulas

(= a a ¢ o
91%1§ﬂﬂﬂiﬂy13ﬂﬂ1uwuﬁﬁﬂﬂ

1 Ja v & o ad ¢
( Aremnans1959I3udng duAieys, Ph.D. )
(= a a i
219138NUIDHINNUNUTIIN
4 a a v
( 303NAAIINIIAIINTY DTYAAUNTAY, Ph.D. )
0% t% =
HINUINININ
Ia o @ 4
( TONMTATINGTEITY FITNAIU, AN, )

$%4

A A (Y} a [y do
HNAINEaE N‘ViTJﬂﬂ]ﬁﬂ!ﬂ‘l&lﬂiﬂ]ﬁﬂﬁiﬂiﬂﬁ!!i’?ﬁ

( 509PNAATINTINYINT F3zNa, D.Agr )
AMUALIMNAINENGY

v d' =)

IUN InoU e




a a J
IMNYPTIUNUD
A
1393

v
ax o [J A o

v 1 9 [ 1 o <] v o W
TWiaassmasasdmiuvesdaaa loewanu 1¥aeniionslounaudinag

Transmit Power Allocation Schemes For Wireless OFDM Channels with Finite-Rate Feedback

Tag

an

UIBN AUASANTND

q

Igue
v a a @ a @ 4
UUNAINYIAY U 1INYIAUNHATAITAT
4 C4 1 a v A a
oANNaNY ISy IrInTTumMaaTuMI uGa Gengsu i)

N.F. 2556



a

v aaAa a o o w 1 o [ ] [ aad 9 A
1ON AUATANGNA 2556: ’J‘ﬁ*ﬂﬂﬁﬁﬁfﬂﬁﬂﬁ\i?ﬂﬁiU%@Qﬁi}jﬂlﬂmimﬂwmﬂulli?ﬂfﬁ/m

q

sastlounausing USyanimnssunaasuitiagia Grnssu i) e

Senssu i madadanssuliih e1mssntSneInesinusnan:

g
[

] A v a3 J
H¥0ManIn1soIgauang duamiys, Ph.D. 79 Wi

a J at o v ' o

a o o I3 [ o a g 9
INTUNUTUANHULASUUTUDITIATTINN Qﬁﬂﬁ"lﬂiﬁﬂf’é]ﬂﬁilluiyﬂmI@L’E]‘Wﬂl’ﬁ]llhli

a o

v Y

meniioailounduding lunuiseliauuaniemaiunaudoyavesvosdyau lag

o A o 9 v AA o a o v o J ant A
auysauazlresdganailounaunisasiamzninemasuuazmadas TagIsusnie
o v w 9| ) IR o ] A Y v a I ' 9
Nnadaileunaurimsuiisesdyaudesineglnanululawuanudeemiunguudd

Jq Ya o o v 1 a a e, ' o o w 1 Y o '
Uszgnalsrsiadssmasdanuila-tanuningulasmsdagssmasdalnnunnngu
FoIFyaNUIONINUILAUNAIBATIVOWFRITYANAUNINNIHI DIMINUAUALLILA T4
[ A ' A a0y 1 anA v ' 3 ya
TadsIilenunasiianiosnd ANaelszinusaveerosdyaiu Iaelssnslssna
J a Y o w o 1 [ { o T W J
AMVUBAFUIAZIUVMAITOINNIFAVOITATIVOIFOIT YNNI TUUNT VU T I

9 1 v
Tasms1suaIna1gnNIsmMNNMATIINUUITNIIAATIMAIAINHITNGAILYN
Y

i lddmsumsdaassiasdeldusaz vesdyanudosuuiiuguvesns1vee
[ o Ay v o Y I 1 ax A o 1 o
Fosdyaun ldnnmstszua wamstaswdasldimiunismsniiauesigandn

O g

Y v 9 = gJ/ o [ ] o a g Y Y
ﬂ”lﬁﬂ@uﬂﬁﬂ‘l]@ﬁﬂl@llﬂﬁﬂﬂﬂQﬂﬂﬁ']i]']iﬂiﬂ]&lW"I'N11i]lGU@Q%@Qﬁﬂgﬂ]uiﬂljﬂL@T‘IﬂlﬂilﬂlﬁiﬂﬁLﬂEN

v Aad o [J

v 1 d' d' té 1 0o v Y [}
‘]J’J‘ﬁfﬂi%ﬂﬁiiﬂ?ﬁ\‘1ﬁﬁﬂlﬁﬂ?%ﬂ@ﬂ%ﬁqﬂﬂﬂTiﬂTﬂﬂ@Gli”l‘llﬂuﬂﬁ‘ﬂ

A A aa A A I a a Jd o
AYUDYDUTR awm%mmiﬂmﬁ'ﬂmmmuwu‘ﬁwaﬂ



Ake Tonsirisittikun 2013: Transmit Power Allocation Schemes For Wireless OFDM
Channels with Finite-Rate Feedback. Master of Engineering (Electrical Engineering),
Major Field: Electrical Engineering, Department of Electrical Engineering. Thesis

Advisor: Assistant Professor Wiroonsak Santipach, Ph.D. 79 pages.

This thesis studies and presents transmit power allocation schemes for wireless
orthogonal frequency-division multiplexing (OFDM) channel with finite-rate feedback. It is
assumed that channel state information at the receiver is perfect and that there exists a low-rate
feedback channel between the receiver and transmitter. To limit the number of feedback bits, the
first proposed scheme groups adjacents subchannels into clusters and applies on/off transmit
allocation for all clusters subchannel cluster with averaged channel gain exceeding a threshold
will be allocated equal power and subchannel cluster with averaged channel gain less than a
threshold will be allocated zero power. The second proposed scheme is to interpolate channel
gains of all subchannels based on a set of quantized channel gains. In this scheme, the transmit
power then is allocated to subchannels by the optimal water-filling algorithm based on channel
interpolation. The two proposed schemes with a finite feedback rate are shown to perform close

to the optimal power allocation without a feedback constraint.
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OFDM
ISI
FFT
IFFT
DFT
DAB
DVB
FDM
MCM
SNR
PAPR
BER
LOS
CSI
AWGN
BPSK
QPSK

QAM
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Orthogonal Frequency Division Multiplexing

Inter Symbol Interference

Fast Fourier Transform

Inverse Fast Fourier Transform
Discrete Fourier Transform
Digital Audio Broadcasting
Digital Video Broadcasting
Frequency Division Multiplexing
Multi Carrier Modulation
Signal to Noise Ratio

Peak to Average Power Ratio
Bit Error Rate

Line of Sight

Channel State Information
Additive White Gaussian Noise
Binary Phase Shift Keying
Quadrature Phase Shift Keying

Quadrature Amplitude Modulation
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2.2 MIVNMEHIONARY (Fading)
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13919118 (Fading)

WenasanmsurtyulszIanal (Delay Spread)

MIIVNHIPLVVLUUUIY ﬂ'liﬁﬂ\ﬁ’i']ﬂlﬂ.l‘]ﬂﬁ@ﬂﬂ')']lla
(Flat Fading) (Frequency-selective Fading)
oIa o oda 0 o Ia o oda 0 o
1 HUUAIANTUYIY < LUUAIANYDITYY I 1. HUUAIANTUYIY > LUUAIANYDITYY I
(Signal BW) (Channel BW) (Signal BW) (Channel BW)
2. mauknuuiliziana < szoznandydnyst 2. mauknuuilszianal > szoznadydnys
(Delay Spread) (Symbol Period) (Delay Spread) (Symbol Period)

MW 11 uaaagluuuvemsnameloNasannnmMsurtuLlsgIaa

31: Benbaum (2011)
) NIV YLV ULUUIIY (Flat Fading)

MresdyIAUlHaADUAUDIABDATIVEIOAINLALT

I~ a 9 ] A s Y 1 Ia 4 [ o Y
Naﬁ’anﬁumW\Imﬂm%‘lLﬁuﬂluﬂf’mmummm/lmNﬂ’mmumw%mmﬁﬂgﬂﬁm%ﬂwmim\i

= 3 P~

A a 2 I J @ @ a @
weinaruilunuusiunaniedyguimasuezliguansuziBana sy (Spectrum

characteristic) iilowantamMasvesdyanavznlasunlasluaunaniiosnnnaves

H Y 9
(% [ Y 1

doyanauvaradunianeiinauluvesdyaiu Auiugosda a1 INHILUUTIU

O 9

= = 1 & Y 1 [ d‘d d‘ a .
ﬁ'nﬂiﬂl,iElﬂ’t]ﬂ’é]ElN‘Hu@ﬂﬂ’ﬂ‘]ﬁ]dﬁﬂgﬂﬁﬂﬁmﬂﬁﬂJﬁElumJaﬁ‘ﬂNll@llwaﬂﬂ (Amplitude

@

. a A & 3 o
varying channel) NITLHINLINUDILDUNAIAN ﬂW‘]JTﬂEW]’JVlﬂﬂglﬂuﬂﬁl!ﬁ]ﬂlLﬁ]\iLL‘U‘Ul‘iﬁla

U

(Rayleigh distribution)



23

V) MIVNHIWUUUIABNAND (Frequency selective fading)
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Transmit Power Allocation Schemes For Wireless
OFDM Channels with Finite-Rate Feedback

Ake Tonsirisittikun and Wiroonsak Santipach
Department of Electrical Engineering
Faculty of Engineering, Kasetsart University
Bangkok, Thailand 10900
Email: lanthanide @hotmail.com and wiroonsak.s@ku.ac.th

Abstract—We propose two sch of allocating tr

power for a point-to-point OFDM channel with a finite-rate
feedback. Assuming perfect channel information at a receiver, a
corresponding transmitter adapts power levels across subcarriers
based on limited feedback from the receiver. To reduce feedback
amount, we partition subcarriers into different clusters and apply
an on/off threshold-based power allocation to subcarrier clusters.
For the second scheme, we propose two options to interpolate a

h 1 freq 'y resp from a set of quantized channel gains
and apply the optimal water-filling allocation based on channel
interpolation. The two proposed schemes with a finite feedback
rate are shown to perform close to the optimal allocation without
a feedback constraint.

I. INTRODUCTION

Orthogonal frequency-division multiplexing (OFDM) has
been widely used in current wireless communication embed-
ded systems, for example, digital audio broadcast (DAB), digi-
tal video broadcast (DVB), IEEEStd. 802.11 (WiFi), IEEEStd.
802.16 (WiMAX), and LTE, due to its high spectral efficiency
and robustness to frequency-selective fading channels. In
OFDM, data stream is divided and transmitted over many low
rate parallel subchannels, which help increase symbol duration
and reduce inter-symbol interference (ISI) [1], [2]. In other
words, OFDM transforms a frequency-selective channel into
a collection of parallel flat-fading channels.

A performance of an OFDM embedded system depends on
transmission power, transmission bandwidth, and also channel
information available at both a transmitter and receiver. With
channel information at a receiver, coherent detection can be
performed while a transmitter with channel information can
adapt modulation and power allocation across subcarriers [3].
A receiver can estimate a channel from pilot signal and several
pilot-aided channel estimation schemes have been proposed [4,
see also references therein]. However, a transmitter may not
be able to estimate a forward channel by itself, for example,
in a frequency-division duplex, and has to rely on the receiver
for channel update via a finite-rate feedback channel.

Based on channel estimates, the receiver can optimize
transmit power over all subcarriers and then can feed back
a set of optimized power levels to the transmitter. To reduce
feedback amount, an on/off threshold-based power allocation

This work was supported by a joint funding from Thailand Commission on
Higher Education, Thailand Research Fund, and Kasetsart University under
grant MRG5580236.

was proposed and was shown to perform close to the optimal
water-filling allocation [5], [6]. Channel update at the transmit-
ter can also be used to adapt modulation [7]. In this work, we
propose to further reduce the feedback further by partitioning
adjacent subcarriers into different clusters and subsequently
applying the on/off power allocation. Thus, the feedback rate
to relay power levels is reduced to essentially one bit per clus-
ter. Numerical results have shown that selecting appropriate
cluster size and threshold can boost the performance of the
proposed scheme close to the optimum, but with much smaller
feedback. Reference (8] has considered an on/off allocation
with imperfect channel information at both the transmitter and
receiver, but without subcarrier clustering.

Instead of a set of power levels, the receiver can relay
channel estimates back to the transmitter, which then can
allocate transmit power based on the channel estimates. Since
feedback is limited, we propose to quantize channel gain of
only one subcarrier in a cluster. Based on a set of quantized
channel gains for certain subcarriers, the transmitter recon-
structs the entire channel frequency response by interpolating
the rest of channel gains, and find the water-filling solution
based on channel interpolation. In [3], similar scheme was
proposed, however, the set of channel gains that is relayed
from the receiver is assumed to be perfect. Here we apply
both linear and quadratic channel interpolation methods and
find that the performance difference is not significant while
the quadratic interpolation is more complex. With only a few
feedback bits per update, the proposed scheme is shown to
perform close to the optimum, which requires large feedback,
and perform significantly better than uniform power allocation,
which requires zero feedback.

II. SYSTEM MODEL

We consider a point-to-point discrete-time OFDM channel
with N subcarriers. An M-tap channel impulse response is
denoted by h = [hg hy --- hM,l]T. Assuming Rayleigh
fading and uniform power delay profile, each channel tap h,,
is modeled by an independent complex Gaussian random vari-
able with zero mean variance 02, = . Thus, Y"1 02, = 1.
A cyclic prefix for each OFDM symbol is assumed to be long
enough to suppress ISI. Applying discrete Fourier transform
(DFT) gives a channel frequency response of the ith subcarrier



as follows
M-1
=Y hme ¥, 0<i<N-1 (1)
m=0
A frequency-selective channel is converted to IV parallel flat-
fading subchannels and the output signal of DFT at the receiver
can be written as

= /P:H()xz(i) + n(i),

where (i) is a transmitted symbol on the ith subchannel, P;
is a transmitted power allocated for the ith subchannel, and
n(i) is an additive white Gaussian noise (AWGN) with zero
mean and variance o2. A corresponding sum capacity over all
subchannels is given by

C= ZE’log

where the expectation is over a joint dntnbutlon of H (i) and
there exists a total-power constraint given by E 'p, <pr.

Given the set of channel response {H (0), H(1),...,H(N —
1)}, the optimal set of transmit power levels {Pi} that maxi-
mizes the sum capacity is the water-filling solution. Channel
information can be estimated at the receiver from pilot signal.
Thus, the receiver can obtain the optimal set of transmit power
based on channel estimates, and feeds the set back to the
transmitter. Here we assume that the receiver can estimate
channel perfectly. Since the feedback rate is limited, the
optimal power allocation needs to be quantized. Hence, the
associated sum capacity depends on quantization error, which
in turn, depends on feedback rate. Given a feedback rate,
we propose two power allocation schemes in the following
sections.

0<i<N-1, (2

z\H )2

n

— =) 3

III. ON/OFF POWER ALLOCATION WITH SUBCHANNEL
CLUSTERING

To reduce the number of bits to quantize the set of transmit-
ted power, we consider an on/off power allocation in which
an equal power is allocated for a subcarrier if its channel gain
exceeds certain threshold and zero power, otherwise [6]. The
on/off power allocation is clearly suboptimal, but performs
close to the optimum in a large signal-to-noise ratio regime.
The number of bits required to relay the transmitted power is
only 1 bit per subcarrier. To further reduce the number of bits,
we exploit the correlation among nearby subcarriers. Since the
number of channel taps is much lower than the total number of
subcarriers (M < N), channel gains of adjacent subcarriers
are highly correlated. Therefore, we group subchannels into
clusters, which consist of R neighboring subcarriers (except
possibly the last cluster). The number of total clusters is
denoted by K = [N/R] where [-] is the ceiling function.
Average channel gain squared over the kth cluster, where
0 <k < K -—2,is given by

R—1
RZ\H Rk +1)[? )

r=0
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and the average of the last cluster is given by

1 N-1
e H(i)[*. 5
xR > HO 5)

i=(K—1)R
We propose to allocate equal power for all subcarriers in the
cluster whose average channel gain squared exceeds threshold
s and allocate zero power, otherwise. Thus, the number of
subcarriers with nonzero power or activated subcarriers is

given by
K—2 R-—
M:Zl,,( Z (Rk +7)| >
k=0 r=0

1 N-1
(2
s lﬂ N — (1‘ = 1)R ‘ (L)I (6)
i=(K—-1)R
where an indicator function
B Ny
1,(z) = { 0: <

and transmitted power allocated for each activated subcarrier
is Pr/N 4. The corresponding sum capacity will depend on
the number of subcarriers in a cluster, R, and the threshold .
Feeding back the set of transmit power levels, the proposed
on/off power with subchannel clustering requires 1 bit per
cluster with total feedback bits equal to K +log, I? bits, which
can be significantly less than N. We note that for K = N,
the proposed scheme reverts back to the conventional on/off
power without clustering.

IV. WATER-FILLING POWER ALLOCATION WITH
CHANNEL INTERPOLATION

Instead of a set of transmitted power levels for subcarriers,
the receiver in this scheme feeds back a set of channel gains
of certain subcarriers to the transmitter. From the given set
of channel gains, the transmitter then interpolates the rest of
channel response and allocates subcarrier powers by the water-
filling solution based on the channel interpolation.

With perfect channel information, the receiver quantizes
the squared channel gains of K subcarriers, which are R
subcarriers apart (except possibly the last pair). We denote
the quantized squared channel gain for the ith subcarrier by
a(i) 2 Q(|H(i)|?), where Q(-) is a uniform scalar quantizer.
Thus, with B bits, the receiver feeds back the following set
of K quantized squared channel gains

{a(0), o(R),a(2R),...,a((K — 2)R),a(N)}.

A. Linear Interpolation

At the transmitter, the rest of squared channel gains can
be interpolated from the set of K quantized squared channel
gains. First, we consider a linear interpolation. For the first
K — 1 clusters, the interpolated squared channel gain is given
by

+ (a(R(k +1)) — a(RK))= (D)

&(Rk+71) = 7

a(Rk)



where 1 <r < Rand 0 < k < K — 2. For the last cluster,

&(R(K —1)+7)=a(R(K —1))
T
+ (a(N) — a(R(K - D”WK—U (8)
where 1 <r < N — R(K —1).

With the set of interpolated squared channel gains {é(i)},
the water-filling solutions for transmission power can be found

by solving the following equations

021"
for 0 <i < N — 1, where the function
S [ =0

[=] _{0: <0 (19

and the water level ~ is chosen such that ZZALBI P; =,Pp.

B. Quadratic Interpolation

Using the three nearest quantized channel gains, the trans-
mitter can perform quadratic interpolation to estimate other
neighboring channel gains. Given agg, g(k41), and A p(r12),
we want to find a quadratic function g(z) = az? + bz + c,
which satisfies

q(R(k+ 7)) = apr+j)» (11)

One formula for such quadratic function is Lagranges form of
the interpolation polynomial given by [9]

(@) = RkLo(x) + R(k + 1)L1(2) + R(k + 2)La(z) (12)

j=0,1,2.

where Lagrange basis functions are given by

Lo(a)= %m(z—zz(ku))(m—n(km)), (13)
FX0), —%(J:—Rk)(z—l?,(k+2)), (14)
Eg(m):%(T—Rk)(z—R(k+l)). as)

Thus, for 0 <r <2R—1and 0< k< K — 3,
S = glRE+ ) (16)

where ¢(-) is defined in (12).
For the last two clusters, which may consist of fewer than
2R subcarriers, Lagrange basis functions are given by

(z— R(K —1))(z—N)

Lo(z) = R(N - R(K -2)) ' -
__@-RE-2)-N)

Li(z) =— R(N-R(K-1)) '’ 6

L) = E-RE-D@-RE-1)

(N—-R(K -1))(N -R(K -2))°

Similar to linear interpolation, the channel estimates ob-
tained by quadratic interpolation can be used to find the water-
filling power allocation. The resulting sum capacity from the
water-filling solution based on either interpolation methods
will depend on subcarrier interval R and the number of
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total feedback bits B. Higher-order channel interpolation can
be obtained in a similar manner, however, capacity gain is
expected to be incremental.

V. SIMULATION RESULTS

In Fig. 1, we show the sum capacity of the on/off power
allocation with subcarrier clustering with different number of
clusters K for N = 128, Pr = 1, and 0,": = 0.1. We note that
as K increases, the sum capacity increases. For the number
of channel taps M = 10, the capacity almost achieves the
maximum with K = 32 or 4 subcarriers per cluster. As chan-
nel becomes less frequency-selective (M = 5), the number of
subcarriers to achieve close to the maximum capacity is larger,
for example, 16 in this figure. We also compare capacity of
the proposed on/off power allocation scheme with the optimal
water-filling capacity for M = 10, and observe approximately
10% performance degradation when K = 32. However, we
note that the on/off scheme requires about 32 feedback bits,
which is much lower than that required by the water-filling
allocation. We remark that for the on/off power scheme, the
optimal threshold ;. was used and was found by numerical
search.

N=128;P =1;0%=0.1
n
24

22

Capacity (bits/s/Hz)
& 8

=B On/off alloc; M = 10
e Water-filling alloc; M = 1
=€ Onloff alloc; M = 5

0 20 40 120 140

60 80 100
Number of clusters (K)

Fig. 1. A sum capacity of the proposed on/off power allocation with sub-
carrier clustering and optimal water-filling allocation is shown with different
number of clusters.

Fig. 2 compares the sum capacity of water-filling power
allocation with linear and quadratic channel interpolations.
The total number of feedback bits is fixed at B = 128 bits.
We observe that the quadratic channel interpolation performs
better than the linear interpolation does as expected and
note that the performance gain from linear interpolation is
not significant. For both interpolation methods, the optimal
K = 16. As K increases, the number of channel gains that
needs to be fed back increases and hence, each channel gain
is quantized with fewer bits. Therefore, for very large K,
the capacity is smaller. The proposed quadratic interpolation
scheme with optimal K performs close to the water-filling
capacity (within 3% difference). We also show a uniform



power allocation, which does not require any feedback, and
see a very large capacity gap between the uniform power and
the proposed schemes (more than 30% performance gain).

N=128;M=10;02=0.1;P, = 1;B = 128;
24, T T

22

== Water-filling alloc w/ linear ch interpolation
=#¢= Water-filling alloc w/ quadratic ch interpolation
== Water-filling alloc w/ perfect ch info

== Uniform alloc

Capacity (Bits/s/Hz)
>

—

20 25 30 35

12 i AN
0 15
Number of clusters (K)

5 10

Fig. 2. Shown is sum capacity of linear and quadratic interpolation schemes
for different number of clusters with B = 128.

In Fig. 3, we show the performance of the linear interpo-
lation scheme for different & and also different number of
total feedback bits B. The capacity as well as the optimal
K decrease with available feedback bits. For B = 128, the
optimal K = 16 while for B = 64, the optimal K = 8. The
result implies that for very limited feedback rate, the cluster
size R should be large so that the number of channel gains
to quantize is small. The capacity degrades as much as 15%
when the feedback rate is reduced from 128 to 32 bits per
update.

N=128;M=10;07=0.1;P = 1;

3

“©-Linear interpolation ; B = 64
w= Water-filling alloc
=B Linear interpolation; B = 128
*Llnenr interpolation; B = 32
= = = Uniform alloc

Capacity (bits/s/Hz)
s

0 5 10 30 35

15 20 25
Number of clusters (K)

Fig. 3. A sum capacity of the linear interpolation scheme is shown with the
number of clusters and the number of available feedback bits.

The last figure compares the sum capacity of all proposed
schemes with signal-to-noise ratio (SNR) and fixed number of
feedback bits B = 128. We see that the quadratic interpolation
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method outperforms the linear interpolation method and the
on/off scheme for all SNR. All the proposed schemes perform
close to the water-filling solution. In a low SNR regime, the
proposed power allocation schemes, which in this example
require 128 feedback bits, can outperform the uniform power
allocation by 100%. In a high SNR regime, the effect of
feedback is not as prominent.

M=10;0% =0.1; N=128; B = 128;
25

= = =Quadratic interpolation | 22 wwewme= J
= Water-filling alloc ﬂ ‘
== Linear interpolation

On/off alloc
Uniform alloc

20,

Capacity (bits/s/Hz)

o2
[N

4 6
SNR (dB)

Fig. 4. A capacity comparison of all proposed power allocation schemes is
shown with different SNR and B = 128.

VI. CONCLUSIONS

In this work, we have proposed two schemes to allocate
power levels across subcarriers for a given feedback rate.
Numerical results have shown that the water-filling allocation
with quadratic channel interpolation performs best among the
schemes and performs close to the optimum with unlimited
feedback. For a given total transmission power and limited
feedback rate, the proposed schemes can increase spectral
efficiency over a uniform-power transmission. For an actual
implementation of adapting power levels in a wireless OFDM
embedded system, the on/off scheme with subcarrier clus-
tering may be a more attractive choice due to much less
complexity on the transmitter. Performance of all proposed
schemes depend on the cluster size, which is currently found
by simulations. An analysis of the optimal cluster size is
desirable and remains an open question.
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