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OFDM SIGNAL ENERGY CHARACTERISTICS RESEARCH
IN CHANNEL WITH PERMANENT PARAMETERS
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The simulation model for OFDM (Orthogonal Frequemiyision Multiplexing) signal energy charactercstiresearch is
developed. The OFDM signal vector-phase stategxamined. The momentary amplitudes distributiorcfiom is obtained.
A hypothesis of amplitude distribution law is véeil by the X criterion. The OFDM subcarriers optimal gain meths
proposed.

— develop a simulation model in the MatLab software
for OFDM signals energy characteristics research;
The OFDM technology is very popular in up-to- - puild up an OFDM subcarriers vector gain-phase
date wireless telecommunication systems: WiFi, diagram in discrete points of time;

WIMAX, LTE etc. [1, 2]. The main target of such - extract the momentary OFDM signal amplitudes
wide OFDM applications is a struggle against (djstribution function:

multipath propagation that occurs in places with _jgentify the OFDM signal amplitudes distribution
meaningful objects which have an influence on radio fynction law:

propagation. The actual problem is the efficiency _test a distribution function law hypothesis of
estimation _of energy resources usage by OFDM ofppm signal amplitudes by3¢criterion:

technology in wireless channels with permanent and_ determine an optimal OFDM subcarriers gain

varying parameters. The channel with permanent coefficient K er the followina criterion: an
parameters is examined in this work. Pot P g .

I ntroduction

equality of i-subcarrier symbol error probability

Problem statement P sm and probability of amplifier non-linear

The purpose of this work is a research of OFDM . . , . e
signals energy characteristics. The object of rebeis distortions p,, with subcarriers amplification and
energy resources efficiency estimation in OFDM Pe€rmanent channel parameters.
technology. The subject of the study is optimal ®FD OFDM signal

subcarriers amplification coefficient in the chaiweh _ .
permanent parameters. The OFDM subcarriers representation is shown on

Input parameters for research are the following: tHh€ fig- 1.
number of subcarriersl , frequency bandAF , carrier N
frequency F, (all the above are frequency resources, - A
frequency division); the amplifier linear section A A A A A A A A
amplitude U, the type of subcarriers manipulation — U
Mow =2 for QPSK, Mg, =4 for QAM-16, —_0
Mow =6 for QAM-64 (all the above are energy N
resources, amplitude division); the number and tkeng

of OFDM symbols (time resources, time division); L J
required bit error probability on the receiving esid

~
Pt req  (reliability — requirement for  received AF
information) Fig.1. OFDM subcarriers representation

The following tasks were set to evaluate the QFpwM signal consists ol orthogonal subcarriers.
efficiency usage of the energy resources by OFDM §epm subcarriers are modulated by parallel data

wireless channels: flows. The frequency independence is provided by

ym
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mutual subcarriers orthogonality on the symbol teng  The above expression may be written in other way:
[1]: T Uo: f(h02: f(No’AF’M))’ pbit_0: pbit_req (8)

_[sin 2rf tsin2rf k= Onzk 1) i.e. searching the required value of amplifier éine
0 amplitude part U, to satisfy the condition
Single carrier transmission: Phit_o = Phc_rg and specific signal to noise ratio

channel parametersand signal energy detection  achievement with the known values of white noise
galue, modulation type and frequency band.
developed in MatLab software. A computation of whit The random Q|g|ts generator is usgd n Matqu
. : . . system for modeling the pseudorandom informatids bi
noise level N, is based on the following input PR -
sequence. Verification the random digits generaior
parametersU,, AF, M, . All the above parameters series condition shows an average value ~0.5 &tiw of

are used to reach the required bit error prob&b”ﬁjlglts that satisfied a check on series to cunudatalue

Py . @t single carrier transmission in the channélf 'generated digits), and it characterizes the oand
- digits generator in MatLab as enough good to geaera

with a SpeCifiC noise ValUé\lo A Signal-nOise ratio is pseudorandom information bits sequence.
calculated as As was shown, three manipulation types are realized
, _E _UZT, in simulation model: QPSK, QAM-16 and QAM-64.
by NN (2)  Each subcarrier of OFDM symbol matches to the
0 0 . appropriate initial amplitude and phase. It occurs
where T, =1/AF , i.e. for the case of transmission,ccording to the selected subcarriers manipulaiipa
based on single carrier and using a full range @ahd information bits.
amplifier amplitude linear section.

The bit error probability p,, , and symbol error

The simulation model for OFDM signal research i

Momentary OFDM signal values

probability Py, o for different types of modulation are The momentz-ary OFDM signal Valueu_OFDM_ti ®
calculated by well-known formulas for QPSK andire calculated with the step 1/360 of maximal surixra

QAM modulations [3]: frequency valuef +AF (N -1) /2N
3 1 1 N/2 _
PW_QPSK_o(h%)=Z—5®(ﬁ)—z@z(m): (3) Ugrow = Y U, Bin(2zfnt+4,), (9)
n=-N/2
Dot ops o(hzo)zl[l‘@( 2h? COSEH | (4) where U, =U,/ Nis a subcarrier amplitudef -
- 2 4 subcarrier frequencyn — subcarrier numberg, —
2t . initial phase.

where @(x) = \/grje “dt — the Kramp function,  gome gain-phase vector diagrams are shown on the

0 figures below. Each vector demonstrates a graphical

x:\/g; presentation of subcarrier gain and subcarrier g@has

1 2 instant state. The vector length is an amplitudieieja
21-—~=—) . . and the angle position is an initial phase. ThoWahg
Pyro._oam o) =1- 1—?\/V j exp% Yu (®) s shown on the graphs below:
T G, 1. The separated positions of vectors are

M-1

demonstrated on the fig.2,a,1 and fig.2,b,1. Bleetars

4(1_i) . , lie on the left of frequency band center and have a
D, (h?) = M J exp(_i)du (6) smaller frequency values than carrier frequencacBl
-QAMOTTO kV2r 5 2 vectors lie on the right of frequency band cented a
TEW have a bigger frequency values than carrier frequen

Thereby, the white noise valud, is calculated for 2. The position of vectors one by one is shown on

. . . the fig.2,a,2 and fig.2,b,2. It means the end ef filst
the case when the bit error probabilipy, , is equal to vector is start of the second vector and so on. réde

required bit errorpy; e, : vector on fig.2,a,2 and fig.2,b,2 shows the summary
- vector that is the result of vectors compositiohe Ted
NO:f(hgzf(UO’AF’M))’pbit_Ozpbit_req (7)
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vector defines an amplitude and phase of OFDM signa where P..=

in some specific point of time.

3. Momentary OFDM signal values in time domainpavg

are shown on the fig.2,a,3 and fig.2,b,3.

2 .
Uimax’

average amplitude values:

j
:—1,ZUf , Where j — the number of amplitudes
=

The OFDM subcarrier vectors position is shown opalues.

fig. 2,a,b in points of timé, =0 andt, =T,/12. The 8

OFDM subcarriers are demonstrated for a bettg;APR value. This

clearness. Each OFDM subcarrier is modulated by t
signal mapping QAM-16, i.e. 4 bits per symbol. &Kie

subcarriers are modulated by the same symbols "11%L.

for better look-and-feel. The symbol “1111” defirtbe
same initial amplitude and phase for each subcarr

It is known that OFDM signal has a big PAPR value.
A bigger OFDM subcarriers number brings to a bigger
is an imperfection of OFDM
Y@chnolog)’; it leads to inefficient energy resosrce
usage. Some methods are proposed and implemente
struggle against high PAPR, such as bits

_interleaving, clipping etc. These methods alloweaach
I8 smaller PAPR values.

All the vectors have the same amplitude “1” and the

same initial phase 45° as shown on the fig. 2,a,1.
KRR aRanaRanata

0
e 7 6543210123456 7

8

b)

Fig.2. OFDM subcarriers vector-phase diagram an
amplitude behavior in points of time

t,=0 andt, =T,/12
OFDM signal PAPR

PAPR (Peak to Average Power Ratio) [4,5] is a ratio

of maximal signal powerP,
Py Per some period of time:

to average signal power

~

— max

PAP ROFDM - P )

avg

(10)

OFDM signal momentary amplitudes
distribution function research

The OFDM momentary amplitudes distribution
function is based on statistic information of OFDM
signal levels. The OFDM amplitudes distribution
function is shown on fig.3 for specific OFDM
parametersN, Uy, AF, Mg,y .

As shown on the fig.3, the subcarriers number
growing and modulation type increasing more andemor

result in the normal distribution law of OFDM
momentary amplitude values:
1 _(X_,U)Z
f(x)= e ¥ (11)
o\ 2T

where 4 is a mathematical expectation of
distribution ando is a dispersion of distribution. It's
obvious that a mathematical expectation is equaéto
in the case of OFDM amplitudes distributiop.=0.
The OFDM amplitudes values are represented by
modulo on the fig.3, and it means that there angbtio
values on ordinate axis. As the research has shihen,
dispersion of distribution is a function of the O¥D

subcarriers numbero = f (N). The dispersion and
aubcarriers number dependency is shown on the fig.4

OFDM amplitude density function
3500 T

3000

2500

2000

1500

Amplitude values count

.
Q
S
S

500

Amplitude

a)



L.URYVSKY]I, S.OSYPCHUK: OFDM SIGNAL ENERGY CHARACTEISTICS RESEARCH IN CHANNEL WITH PERMANENT PARAMETES
25

OFDM amplitude density function characteristic. In connection with that it standsbe
possible to gain the OFDM subcarriers level anahadb
exceed the linear part of power amplifier charastier
B and prevent the non-linear distortions. In thisecass
. possible to talk about the optimal subcarriers gain

coefficient K The optimality criterion meets the

4000
3500
3000
2500

2000 U _opt *

| one of two positions:
1) OFDM subcarriers optimal gain coefficient
1 when non-linear distortions appear with certain
‘L acceptable probability value, i.e. exceeding tmedr
S e I TR part of power amplifier characteristic by OFDM sign
Amplitude Va'ue;
b) 2) OFDM subcarriers optimal gain coefficient
Fig.3. OFDM amplitudes distribution functions obeywhen the probability of non-linear distortions iguel
to normal distribution law: to symbol error probability on OFDM subcarrier:
a) N=16, QAM-16; b) N=32, QAM-64

1500

Amplitude values count

1000

500

Pae_dis = Psnb i -
In the first case the probability of exceeding the
® power amplifier linear part characteristic is equal
\ zero, because each subcarrier has only a par
4,028x0.449 U, =U,/ N of total linear part voltag®l,, whereN is

the number of OFDM subcarriers. Due to big PAPR
value it is reasonable to amplify the OFDM subeasi
level up to the point when an exceeding the power
amplifier linear part characteristic happens anch-no
linear distortions appear.

So far as receiver works with a symbols but nohwit
. . . . > N a bits, in the second case the symbol error préibatsi
0 50 100 150 200 250 reviewed for each OFDM subcarrier to meet the

following expectation: py 4¢ = Pymy i - LEU'S review

=
~or Q

=

N+ 0 00 F IV &

oo oo

Fig.4. The dispersion and subcarriers number
dependencyo(N) =4.028IN°%, the energy parametdr, firstly that shows the signal
the approximation reliability is 0.989 element energy E.=PT, and noise spectral

The OFDM amplitudes normal distribution lawconcentrationN, ratio on the input part of receiver:
hypothesis is confirmed by the’ Xriterion. P pT
— ' c'0

Analytic description of OFDM ener gy model hy =W N, (12)

It is well-known, that OFDM PAPR values are big For N OFDM subcarriers,

and these are growing proportionally to the OFDM N

subcarriers number. It means that a maximal OFDM U, :ZUi =U, [N (13)
amplitude value is significantly bigger, than arerage =
OFDM amplitude value over a specific period of time
A maximal OFDM amplitude value can be reachel]
when subcarriers’ amplitudes are maximal and equal; P~UZ=(U,IN)’=N’L?=N?P (14)
moreover, subcarriers initial phases are equal Tog It is shown in the above expression that power of

case on a vector-phase diagram corresponds t0 fi&, OFDM subcarrier isN? times smaller, than a
vectors position with the same length and initia®e e of single carrier transmission; the voltagerne

of subcarriers; but this is very unlikely case, @ orp\ subcarrier isN times smaller, than a voltage of
average OFDM signal amplitude values is considgrab, ingle carrier transmission:

lesser than maximal amplitude value. It means #mat
average OFDM amplitude value is meaningfully =—, U, =—
smaller than a linear part of power amplifier N N

Whereas the power is proportional to square of
oltage:

(15)
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The channel speed of one OFDM subcarrier isl
times lesser comparatively with a single carrier
transmission; the symbol length is times longer
comparatively with a single carrier transmission:

T =T, N (16)

Py 4= (U, 1) (20)
Thus, when initially we haved,,, ; >> Py 44 » and

if gain the subcarriers levél); 1, then the symbol error
probability on each subcarrier will be decreasing
Psms_ i ¢ » @and the nonlinear distortions probability will
The energy parameter for one OFDM subcarh%r be growing py._ge

Vi:

. So there will be a point when
is N times smaller, than energy parameltgrof single

carrier transmission: Psmb i = Pa._ag - The optimal power and amplitude
' P gain coefficients:

Nl 2

hz = R = NZ = P :& (17) Ui_opt = KU _opt_i N0 = KU _opt _i |]Ji (21)
NV, N ﬁ NNV, N P
0

N I:?_opt = KP_opt_i |EN_Oz = KP_opt i EE (22)
The optimal OFDM subcarriers gain factor Ko o s =K2 o | (23)

Assume that the requirement for bit error rate on a
receiver side is p,, .,=10°. A symbol error

probability is bigger, than a bit error probabiligt the
initial moment the power amplifier linear characgc
part is evenly distributed between all the OFDM
subcarriers and the nonlinear distortions initiatio

probability is equal to zerou, :%; P ag = 0. In

this case the symbol error probability Py, , is

reviewed firstly on the receiver input so far asefeer

handles a symbol, and it is possible to estimatieadly
the symbol error probabilitypy,,, ,in the first place.

After decoding it is possible to evaluate the bitoe
probability p,; ,. It's important to highlight that the bit

error probability is smaller than the symbol error
probability: Py, o> Py o- IN the result, the required

criterion from a user is a specific bit error prbiigy
Put_req » DUt NOt @ Symbol error probability. So far as the
energy parameteh2 of each OFDM subcarrier imnN

times lesser thanty,
obvious:

then the below expression is

Pymb i == Pymb_0 == Pa_dis (18)

If OFDM subcarriers level increases, then total
subcarriers amplitude grows and numerically exceeds
the initial power amplifier linear characteristiarpU,;
the nonlinear distortions probability increasestnms

case.
1=1(U; 1) (19)

Correspondingly, together with OFDM subcarriers
gain, the symbol error probability decreases:

Pnldist

10®

ps}mb i

T
-~

Amplitude

a)

P _emr NON4inear and P_em_QAMi

3

T

U _opt_i

= Pt st

b)
Fig.5. The condition achievement:

Py i = Pu_ag =11010°whenK,, , ; =4,83;
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achieved BER:p,, ; =2[10*. OFDM subcarriers The proposed method of OFDM signal usage
number:N =10, modulation type: QAM-64: achieved supposes .a‘n oblialnlng and utilization of .the optima
BER on single carrier transmission with usage ef th gain coefficient K, o, for OFDM subcarriers. The
same energy resources (required BER), =10°). optimality criterion is an achievement of condition

a) OFDM amplitudes distribution function; Pymb_i = Pu_ge @gainst the subcarriers numbigr and
b) p,, =f (Ku) subcarriers modulation type.

The OFDM amplitudes distribution function (the Ad _galn of ?FDM gubcarner: stop_s évhen f[he
number of amplitudes as a function of amplitud€°NAMON Pyny i = Pu_as 1S Met. The required BER in
values: X, = f (U, ), where m is a specific point of this case is significantly lesser that reached Biake

" m mj?

time) is shown on the fig.4,a: 1 - the initial disution °" ON€ OFDM subcarrier:

function, before subcarriers gain; 2 — the results Pt _req <= Phit i < Pommo i = Pr_ais

distribution function, after subcarriers gain witn OFDM subcarriers amplification by the proposed

amplifying coefficient K, ., ; and reaching the method gives an opportunity to use OFDM technology
. T . on the limit of permissible and regulated power

condition  Pynp ;= Pa_ag- ON the fig.5b the peaming. It provides better range and reliabiliy f

dependencies of bip,, , symbol p,,, and non-linear information transmission in comparison with OFDM

. _ - ) ~ technology usage without subcarriers gain.

distortion probabilitiespy, 44 Of the subcarriers gain  1¢ reach the required BER level, it is needed ® us

coefficient K, are shown. The fig.5,b showssome additional methods for reliability growth, Buas

dependencies for a specific set of OFDM subcarriefgtinoise coding.

number and modulation type: varying these parameter 1N€ described results are received in MatlLab
will  bring to different intersection  point software; the simulation model for analysis of OFDM

K . _ ) signal power resources usage is developed.
U_opt_i* psynb_i - pNL_dis-

K =T Pemp 0 P aigt = FINVK K ),
oo ({ - NL‘d'St} ( U)) 1. R. Prasad. OFDM for wireless communications
Pymb_i = P _dist (24) systems. —  Artech House Universal Personal

So, the bit error probability is reachedcommunications series, 2004. - 291 p.

. . . 2. H. Schulze, C.Leuders. Theory and Applicatiofis o
—_ 4 )
Phi_i =2010" with OFDM when client's requirement OFDM and CDMA: Wideband Wireless Communications.

iS Py, . =10°. To reach the required BER level, it jgJohn Wiley & Sons Ltd, 2005. -421p.
- o .. 3. Fink L. Discrete messages transmission theonyl.—
needed to use some additional methods for religbili-soy Radio”, 1970. — 728 p.

growth, such as antinoise coding [6]. 4. H. Ochiai and H. Imai, “On the Distribution dfiet
. PeaktoAverage Power Ratio in OFDM Signals,” IEERNS:
Conclusion Commun., vol 49, no. 2, pp. 282-89, Fob. 2001
The OFDM technology is always unprofitable with 5. Seung H. Han, Jae H. Lee, “An overview of peak-t
integrity and power resource effectiveness usage 3Merage power ratio reduction techniques for martier
comparison with single carrier transmission in thggngggg'oznd;'SEEE Wireless Communications, val:i@. 2,
Ch&}rnhneeln\:\g?etlgg 3‘;‘2!{2\:? \;]V:;f %?:usf/:asni Cr?aalnsntzlt.es a 6. B: Lu, X. Wang, and K. R. Narayanan, BLDPC-baS(_ed
. -p . gnal ance-tlme coded OFDM systems over correlated dadin
the given OFDM amplitude distribution functions Bav channels: Performance analysis and receiver defsigRroc.
shown that an amplitude distribution function lawop1 |IEEE Int. Symp. Information Theory (ISIT '01)un.
approximates to the normal distribution law withp4—29, 2001, vol. 1, p. 313.
specific characteristics against the OFDM signal
parameters. This hypothesis is verified and corgdm
by the X criterion.
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