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Abstract:- In [1], we had applied OFDM modulation on UMTS UTRA-FDD up-link for multiplexing the
physical data channels of a same mobile. We had given the expression of the OFDM signal emitted by a mobile
having to send simultaneously K data symbols by channel for a total of N channels. In this paper, because the
OFDM symbols was formed by chip time in [1], we process then the demodulation by chip time of the OFDM
signal in [1] after its crossing of a perfect (without noise) frequency selective mobile radio channel. For that
purpose, we give at first in the second section: the received OFDM signal expression, the integral expression to
be calculated to demodulate the sent information about an any channel g, and the operation to do for obtaining
the useful information about this channel q knowing its frequency response. It is however necessary to note that
the OFDM modulation principle adopted in [1] and the OFDM demodulation principle adopted in this paper at
the second section, leads to conceive a system with N individual modulators and N individual demodulators.
Afterward, with the aim of proposing for the UMTS UTRA-FDD up-link a less complex OFDM
modulation/OFDM demodulation system, we have in this paper at the third section, implemented the OFDM
modulator and demodulator with the IFFT and FFT algorithms. Finally we simulated the received OFDM
signals for the OFDM symbols specified in the fourth section and the received symbols on every channel after
sampling of the two first received OFDM signals corresponding to the two first emitted OFDM symbols.
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l. INTRODUCTION

In this paper, we make demodulation by chip time of the OFDM signal formed in [1] for multiplexing
the data channels of a same mobile on the UMTS UTRA-FDD up-link. For that purpose, we call back in the first
section the characteristics of the mobile radio channel in which the OFDM signal has to propagate. In the second
section, we present the OFDM demodulation in the case where the propagation takes place in a noiselessly
channel selective in frequency. It is in the third section that we implement the OFDM demodulator/OFDM
modulator for the UMTS UTRA-FDD up-link with the FFT/IFFT algorithms; to decrease the complexity of an
OFDM modulation/OFDM demodulation system which would impose the conception of N individual
modulators and N individual demodulators. In the fourth section, we present simulations of the received OFDM
signals from the first chip time to the eighth chip time and corresponding to the OFDM symbols that we had
simulated in [1]. Also in this last section, we have simulated at precise moments of the first chip time and the
second chip time, the symbols received on each of the four considered data channels.

Il. THE MOBILE RADIO CHANNEL

The mobile radio channel is defined, on the one hand, by all the emitting and receiving organs, and on
the other hand, by the space of propagation (called propagation channel) separating these two organs. In this
space, the radio signal propagates by undergoing several electromagnetic phenomena due to the obstacles such
as diffusion, diffraction, reflection, and refraction. So, the emitted signal reaches the receiver by following
several paths with different delay times so that the received signal is the sum of the overlaid signals from these
various paths. We say that the propagation channel is a multi-paths channel or a dispersive in time channel
because at a given moment, every signal of a path is characterized by its amplitude, its phase and its delay time.
This temporal characteristic of the channel leads fading in the frequency domain and the channel is considered
as selective in frequency.
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It is necessary to note that the radio signal undergoes alterations linked not only to its interactions with the
propagation channel obstacles but also to the variability of the channel which can be temporal or spatial. The
temporal variability is due to the propagation channel objects movements and the spatial variability is due to the
transmitter and or/receiver movements. The consequence of this variability is a variation of the frequency of the
received signal called DOPPLER shift with regard to that of the emitted signal. In the case of the temporal
variability, we are in the presence of a local variation of the channel: the transmitter and the receiver being
fixed, alone the paths of the emitted signal which are going to meet the objects in movement will be affected by
a DOPPLER shift. In the case of the spatial variability, we are in the presence of a global variation of the
channel: the propagation channel is different for every movement of the transmitter and or/receiver and all the
paths of the emitted signal are affected by a DOPPLER shift.

Let us suppose that it is the receiver which is in movement. If a is the angle between the direction of the
received signal and that of the movement, then the DOPPLER shift is given by the relation:

“focos(@)  [2] 1)

where v is the speed of the receiver, ¢ the speed of the light, and f; the frequency of the emitted signal. In this
paper, we consider a propagation channel without DOPPLER effects: thus the transmitter and the receiver are
fixed and there is no movement of the objects of the channel. This type of channel, only characterized by the
multi-paths phenomena, is said selective in frequency and the received signal r(t) is related to the emitted signal
s(t) by the relationship:

r(t) = h(t) * s(t) )

h(D) = 5t a8t~ ) [2] 3)

is the impulse response of the channel and N, a, 6, 7, are respectively the number of paths followed by the
signal s(t), the amplitude, the phase, the delay time of the kth path. The corresponding transfer function is given
by:

H() =S ap e 2™ 2. (4)

1. OFDM DETECTION ON UMTS UTRA-FDD UP-LINK IN THE CASE OF A PERFECT
FREQUENCY SELECTIVITY CHANNEL

11.1) OFDM signal transmission

In this paper, we choose to work with a frequency selective channel which does not introduce noise and
DOPPLER shift. The frequency selectivity of the channel is determined by the different path delays of the
signals. Let us consider an emitted impulse of duration T, corresponding to a symbol; the received impulse is
the sum of all the impulses arriving with different delay times. The emitted impulse undergoes then a temporal
spreading A,. This spreading can generate interference between symbols and cause errors during the
demodulation. But we can neglect the interference between symbols if the following condition is satisfied:
A KL T [2]. (5)
To fight against interference between symbols, sophisticated methods are used as equalizers, spreading spectrum
and OFDM modulation. OFDM allows to make transmissions for broadbands, to fight against the frequency
selectivity of the channel and thus finally to facilitate the symbols demodulation. That’s why we have chosen it
and applied it on the UMTS UTRA-FDD up-link.
In [1], we had seen that the OFDM signal emitted on the UMTS UTRA-FDD up-link by a mobile having to
send simultaneously K data symbols by channel for a total of N different channels was written:
Sopam (£) = Th=h 20 Thb BN sl e T2rh (nIst@mIi2nfit ()
P represents the number of bits contained in a symbol
L represents the length of the spreading code used for coding the bits
Sy, 1s the elementary information sent on the channel r at the moment t-mTs-(iL+n) T,

M €(-11) [

f- is the carrier frequency used on the channel r
T, is the symbol time
T, is the chip time.

Let us pose:
0, = 2nf,(mTs + (il + n)T,) (7
and
T = STae0rn . (8)
So the OFDM signal sent at the nth chip time of the ith bits of the mth symbols is written:
Sofam (t —=mT; — (iL + WT,) = LS4 (Y, /2700 ©
By noting:
(;r}d‘m,in (t) = Sofdm (t - st - (lL + n)Tc) (10)
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then the equation (9) becomes:
g’}lfdm,in (t) = LV:_(} Crz?,lm ejZthrt . (11)
As the demodulation will be done by chip time T. (the OFDM symbols in [1] was formed by chip time), we
determine the OFDM signal received by chip time which is R, ¢4, (t — mTs — (il + n)T.).
But we know that if at a given moment t, the emitted signal is S(t), then after having cross over a channel which
impulse response is h(t), the received signal R(t) will be written:
R(t)=S(t)*h(t) . (12)
Let us pose:
h (t) = h(t —mT; — (iL + n)T,) (13)
the channel impulse response at the nth chip time of the ith bits of the mth symbols and
Rofdm in (t) = Rofdm (t - st - (iL + n)Tc) : (14)
Thus by analogy with equation (12) we have:
omfdm in () = gr}dm Jin (t) * hi (1) (15)

mT,

ofdm in (t) f(m 1)T (T) Sofdm in (t - T)dT ' (16)
By replacing Sofa i (t — 7) With its expression we obtain:

Te - j 21 —T
Rofdm in (t) = f(:’:l -1)T, in (T) (Zi‘v=01 C‘;',line]2 St ))dT (17)

mT; m j 27 frr (t—T
ofdm in (t) [f(m DT, 'n (T) C }2 frt )dT] (18)
m T mT¢ m TfrT
ofdm in (t) - r:O [Cr,in }2 frt f(m h’m (T)e it dT] ' (19)

If we note the Fourier transform by TF, We see that:
e i (@e it dr = TR ()] = HIE (f) = HE () (20)

(m-1)T¢
because in [1],
ﬁ=ﬁ+%. (21)
Finally,
ofdm in (t) Z r in ej2nfrt. Hrrrrll (T) : (22)

H(r) is the frequency response of the channel r at the moment t-mT,-(iL+n)T,. It is considered constant in the
OFDM symbol duration T..

11.2) OFDM demodulation: detection of the sent symbols
By analogy with the OFDM symbols demodulation principle in [3], [4], and [5] then the symbol sent on
the carrier q is obtained by calculating the integral:

Vil = f(:”ffm RO g (£). e /20 o Ts—(emT gy (23)
qu’nm — (:r:chl)T [erv 1 Crmm ejan,t'Hirrrlz (7')] e—janq (t—st—(iL+n)TC)dt (24)
- f(:r:chl)T [TV . HIY (). eI 2nfrt], e 7i2nfg(t-mTs—(L+m)TD) g (25)
qmm — f(r;Tcl)T [Z r . e )2 fr (MTs+{L+)Te) HM (). ejanrt]_ e 2nfq(t-mTs—(L+n)Te) g (26)
Vot = 7 ey, 0 [ L HI(r). e/ 2Tt eIt o 2nfr(Ts+(Lm)Te) of2mfq(mTs+UL+mI3qr (27)

Knowmg that:
fr=fo+p and fy=fo+y  (28)

then equation (27) becomes:

. N s . r—q.
Vi = f(";“m (BN ST Hip (). /2T 0 TGO g (29)
; T=4) o)l
V= ST L (ST  HE (). e 7RO 2 0i gy (3g)
]2n(st+(1L+n)TC)(T q) mT, j27r(r—q)L
mn——%Z 0[S7in-Hin (). € Somsiyr. € Tedt ]} . (3))
But:
mT, j2n(r— q)T T sir = q
f(m‘l)Tc ¢ -t = {0 sir#q (32)
FinaIIy
q in = S;nm Hm (q) . (33)
Thus
Yoin
Sia =7 (34)
q,in
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Here, we see that to find at reception the symbol emitted on the channel q at the nth chip time of the ith bits of
the mth symbols, it is simply enough to divide Y;";,, by the corresponding channel frequency response. Fig.1
shows the modulator/demodulator system with N individual modulators/demodulators.

e —Fzrnfole—mTz— (ilb+n) 1)

eF 2T for l
T
% G| = j de [ SO HEI (0
™
Colim T Ts (m—1)Te

eT2mrge ST omin D e~ FEmrg(e—mz—(L+ni i)

; l mT
C’"ﬂé—' S % 7 ) ar o EenE@

H R amen{T) | o—izmfw_ale—mTe—(iL+n)dTo)
1 l mTe
Ci—1.im 1

_..(g} - T, j At ST R HIL W — 1)

(m—1)Ts

MODULATOR

DEMODULATOR
Fig.1l : MODULATOR/DEMODULATOR SYSTEM ON UMTS UTRA-
FDD UP-LINK WITH N INDIVIDUAL
MODULATORS/DEMODULATORS

IV. IMPLEMENTATION OF OFDM DEMODULATOR/OFDM MODULATOR ON UMTS UTRA-
FDD UP-LINK BY THE FFT/IFFT ALGORITHMS
111.1) THE OFDM demodulator
According to [1], the signal S} (t) occupies the bandwidth [f; ,f-+B] with :

ofdm ,in
B=N.—. (35
Also R (t) occupies the bandwidth [f. , f.+B].

ofdm ,in
We want to demodulate the signal R”: (t). For that purpose, we have first to transpose it into bandbase

ofdm ,in

signal by making a translation of £, + g and after to discretize it. The received bandbase OFDM signal spectrum

will occupy the bandwidth [_Z—Bg] and the maximal frequency will be:

B N
fmax = 2 = E . (36)

To discretize the received bandbase OFDM signal, we have to find a sampling frequency f, which performs the
SHANNON theorem. According to SHANNON, the sampling frequency f, have to satisfy the condition:

N
fe 2 meax =B :T_c- (37)

Then we choose as sampling frequency
N

f. = T (38)
Thus the sampling period is:
t=2. (39

Then we are going to sample the received baseband OFDM signal at the moments:
t,=nt, = n’% (40)

n’ is an integer.

The received OFDM signal after the frequency transposition of f, + g =f.+ zNTC is written:

. N .
Xi,;} (t) _ Z}dm o (t) e—]2n(fc+m)(t—mT5—(LL+n)Tc) (41)
’ . N _ (i
X (0) =[S0 €l - /200 Hy ()] 72U ard et @2)
. N . . N
X0 = DPRC, - Hyp (). Um0 ppane rlirar)y ()
! . N . . T . N
Xi,;} (t) _ 11Y:_1 [C:}m . Hi.,r,ll (T) e] 2n(fc+ﬁ)(mT5+(lL+n)Tc)- e]2n(fc+ﬁ)t- e—]2n(fc+m)t] (44)
. N . . 2r—N
X(8) = SN Cm,  Hp (). @/ U )Tkt i2n(GE0)e (45)
By sampling it at the moments t,,. we have:
' Tc
X (t,) =X (' D) (46)
. N . o (2r=N\ _T¢
Xlrr,ll (tn’) _ LV;&[Clﬁn HTQ (T’) e]Zn(fc+2Tc)(mTS+(LL+n)Tc). e]Zn( 77T, ).n N ] (47)
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j N i 2mn'r L
(t ) Z rm -m(r),e]2”(f5+2Tc)(mT5+(LL+n)TC) oI gmin " 48)

K1 (6) = DD €l ). U ar) o ity (49)
By replacing €, with its expressmn in the equation (8) we obtain:

N .2mn'r
(t ) Z [( l)n SMm o ]Grm Hm(r).eﬂn(fg 2TE)(st+(lL+n)Tc)_e] ~ ] (50)

r,in

By replacing 6", with its expression in the equation (7) we have:

. . i L : .2mn'r
m(e ) = ¥N4 [(—1)n'.s;nme—ﬂﬂfr<st+<lL+n>Tc>.Hg;;(r).e’z”(f”zr)(mt“m+")Tc).el T 6D
(t ) Z [( 1)n S;nm Hm(r).e—]2n(fc+ﬁ)(mT5+(lL+n)Tc) ]Zn(fc+7)(mTS+(lL+n)Tc) j_] (52)

T . .2nn'r
(t ) Z ( 1)n rm (T’) e ]ZH(T—)(mTS+(LL+n)TE) 61211( )(mT5+(LL+n)TC) EJT] (53)

]2n( )(mTS+(1L+n)Tc) jmn

X (t,) = TN (D" Sy Hip (). e TN (54)
o il i .2nn'r

X2 (6,) = ZEI(— D SP B () ¢ 7" CTTIH I, B g
Let us pose:

., —-N .
B;nm Tm (7") e —jm ( T ——)(mTs+({L+n)T,) (56)
B, isa complex number, and for a given chip time where m, i, n, N, T, T, are known, it depends only on the
frequency variable r.
Then,

.2nn'r

X (t,) = ZX0 (=D Bl el v . (57)

The equation (57) can be written again:
.2mn'r
Xn(n) =L (-1)". B,/ v . (58)
The discreet form of the received bandbase OFDM signal is finally:

XP () = (—1)". [NV B e h ] L (59)

We specify that n’ is a temporal variable and r a frequency variable.

Let us pose:

(n)—X (’” (60)
Then

.2mn'r

Zn(n) =X Bl e/ v . (61)
We see that:

Zn(n) = IFFT[B,] . (62)
Thus

B, = FFT(ZM(n)) .  (63)
The principle scheme of the demodulator by chip time is then:

FREQUENCY SELECTIVITY CHANNEL

—» Rt am,in(t)

L 4

S:}dmin (t)

ofd LN (t} (tJ T}

Z:r?:(nr) = )E%lf;l;? — Xi'?;l(nf} ‘_/ﬂ‘_ X::.(t)
N

- jan( frt e J(-mTe (il T)
P

FFT = Bl > Brin —* S
[2’" B )

H7(r). g

Fig.2: OFDM DEMODULATOR ON UMTS UTRA-FDD UP-LINK
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111.2) THE OFDM modulator
The discretization of the signal St 4, i (£) gives:

ofdm in (t ) Z?IY 1C7an e]Zfrfrtn : (64)
Then by replacmg fr and t,. with their expressions we have:
rnT
]'Zﬂ(fc+—)—c
xfdn in (t ) r=0 r in * N (65)
Tc rn Tc
2n(fe )
(;r}lcdn ln(LL ) r=0 rm . J " N T N (66)
jZn jemrn ' j2mn !
xfdnln(t ) = rm' ( ) Z rm -e vo.e N : (67)
Thus:
er[rn’
;?dm in (n) - e N [Z rm . N ] . (68)
Finally

j2m
Sofdm m(n) =e N IFFT(Cr m) (69)
The principle scheme of the modulator by chip time is:

2~ 70.in
ch
i i
5 O.in L Ll T L

]

1

\ _am jammr

| g I8 e N l
]

C?‘)‘l

Sofaman(n’)

Fig.3: OFDM MODULATOR ON UMTS UTRA-FDD UP-LINK

V. SIMULATIONS

We limited ourselves to the sending of one data symbol by channel: A0=00 for the channel r=0, A1=01
for the channel r=1, A2=10 for the channel r=2 and A3=11 for the channel r=3. The used OVSF codes are
respectively: CO=[1 1 1 1] for the channel r=0, C1=[1 1 -1 -1] for the channel r=1, C2=[1 -1 1 -1] for the
channel r=2 and finally C3=[1 -1 -1 1] for the channel r=3. The corresponding OFDM symbols sent from the
first chip time to the eighth chip time are respectively:
Si=[1, 1, -1, -1], Sp=[1, 1, 1, 1], Sa=[1, -1, -1, 1], S,=[1, -1, 1, -1], Ss=[1, -1, 1, -1], Se=[1, -1, -1, 1], S;=[1, 1,1,
1], Se=[1, 1, -1, -1] (see [1]).
In a first time, we have simulated the OFDM signal received at each chip time which is Rgg,, i (8.
At the moment t — mT, — (iL + n)T, and by analogy with equation (3), the impulse response of each channel r
iS written:
RI(E) = Sh, af, - €/ %kin §(t — mT, — (il + WT, — %) (70)
where N, ai',, 6, and t;;, are respectively the number of paths followed by a signal emitted on the
channel r, the amplitude, the phase and the delay path of the signal having followed the path k. We have chosen
N, = 10 for the simulations and a}’;,,, 6";,,, 1., are random variables.
The transfer function corresponding to (70) is:
Hinr} (f) = ;{Vil aﬂin' ej0,7:'lm _e—j2nfr(st+(il+n)TC+T;”'m). (71)

It is constant in the duration of an OFDM symbol and because f, = f, + TL then we can also write it:

HE () = S0 a2 V)T g

For each chip time (fig.4 to fig.11), we represented the real part and the imaginary part of the received OFDM
signal. We don’t observe the same curves for the same sent OFDM symbols; and this is due to the fact that the
signal received on a channel r is written according to the equations (22), (8) and (7):

Rg/l‘dm in (t T') — le j2nfrt Hm (T) — m e—janr(mTS+(iL+n)TC) J2mfrt Hm (T‘) (73)

From the equation (73), we see that each elementary information S, of an OFDM symbol (see [1]) sent on the
channel r, is received on this channel multiplied by a term e /27fr(nTs+(L+m)Te) gi2nfrt g (1) which varies
according to the indices r, m, i, and n. The indices r, m, i, and n represent respectively the considered channel,
the mth data symbol A" [1], the ith bit A7 (i) [1], and the nth chip. It is also necessary to note that the same
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OFDM symbols don’t correspond to the same values of channel parameters (ay';,,, 6;", and t;',). Thus, it is
normal that we don’t have the same curves for the same OFDM symbols.
In a second time, with others values of channel parameters, we sampled the received signal from the first OFDM
symbol (fig.12) at t=0,0005s, after the received signal from the second OFDM symbol (fig.15) at t & t=2Tc and
we represented the real and imaginary values of the symbols received on each channel r (fig.13 and fig.14 for

fig.12; fig.16 and fig.

Amplitude

Amplitude

Amplitude

17 for fig.15).

T
— real(Rofdm)
— imag(Rofdm)

Amplitude

-3 L L
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
fig.5:Rofdm(t):second chip time Time 3
x 10
8 T
6 real(Rofdm)
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4
N 2
=2
£ o
£
< 2
-4
-6
8 I I I I | I I I I
2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3
fig.6:Rofdm(t):third chip time Time 3
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X
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This work has permit us to conceive for the UMTS UTRA-FDD up-link, a less complex OFDM
modulator/demodulator system by chip time, in the case where a mobile have to send simultaneously K data
symbols by channel for a total of N channels. This system involves the IFFT algorithm for the implementation
of the OFDM modulator in place of N individual modulators and the FFT algorithm for the implementation of
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the OFDM demodulator instead of N individual demodulators. However, this work is to be continued for taking
into account a guard interval tg for the OFDM symbols to be sent and the case where an White Gaussian noise is
added to the channel. The insertion of a guard interval tg to the OFDM symbols will permit to fight against
interferences between OFDM symbols and so to improve the quality of the transmission. The addition of noise
in the channel will allow us to consider the most practical case. After all, it will be needed in the case of a noisy
frequency selective channel, to see with which optimal channel estimation technique, we shall find at the
reception with a low bit error rate, the OFDM symbols which were emitted.
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