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BIT ERROR RATE PERFORMANCE OF MULTI CARRIER SYSTEM
UTILISING QPSK AND OQPSK WITH GUARD INTERV AL
. A, Z. Qatawneh, Mutah University
Faculity of Engineering, Dept. of Electrical Engineering
Mutah AL-Karak, postal code : 61710, Jordan.
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ABSTRACT

The multicarrier (MC) transmission teehnique was devised in the 1960's for voiceband data
wansmission [1.2]. Today there are two principle multi carrier applications, one is for the high speed
digital subscriber leop and the other is for the broadcasiing of digital audio and video signals [3.4.5]. In
this work the use of multi carriers for high-bit rate wireless applications arc considered. The bit error
rate (BER) performance of mulli carriers with quadrature phase shifi keying (QPSK) and offset
quadrature phase shift keying { OQPSK)[6,7] with guard interval in a fading environment is considered
via the use of Monte Carlo simulation methods. BER results are presented for OQPSK using guard
interval to immunity the multipath delay for frequency Rayleigh fading channels and for rwo-path
fading channcls in the presence of additive white Gaussian noise (AWGN).

1. Multi carrier system Overview and Signal Generalion
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[0 this work the use of Multi Carrier System (MCS) techniques is considered Lo achievc high bit rate
wireless communications. The diserete Fourier ransform (DFT) enables the efficient generation and
demodulation of multicarrier sy stem [8.9).

Figure i shows the block diagram of the MC system. The binary input scquence is applied to the
OQPSK baseband modulator. the output of the medulator is a complex haseband Inphase (1) and
Quadrawure (Q) symbol sequence. For lhe simulaiions where cohercrt demodulation is being
investignted. in either case. the complex symbol sequence is formed into parallel blocks by the serial 1o
parallel (5/P) converter belore applying it 1o the Inverse Discrete Fourier Transform (IDFT). 1DFT
eenerales the mulli carrier signal. The resuiting out put of the IDFT are consisting of blocks of N
complex samples which is then converted into a serial format by the parallel 1o serial converter (P/S)
which is applied to guard add circuii before quadrature up conversion to radio frequency (RF). then the
signal is ready for transmissicn. For the simulations presented here, N=16 (16 carriers).

At the receiver, the ncoming signal is quadrature down converted before applying it (o guard remove
circuil. The outpul of the guard remove circuit is a complex baseband received signal. This complex
signal is farmed into blocks of length N samples by the serial o parallel converter (871 hefore heing
Discrele Fourier transformed {DFT) [I1] to yield a block of N received complex symbols. These
symbols ore then comverted back in to a serial binary format by the OQPSK demodulator. When
coheruit demodulation is being performed. (he complex :.ymbols ut the output of the P/S converter ure

then converied back in to the binary serial lopmot by the democ "'1 For simalation purpuses

pseudo ran !.‘m Binary sequence (PRIS) is applied to fl- OQPSK modulator and an error coumter is
cannected 10 the serial data output and also w the PRAS source \\hld: acts as o reference. [noa channel
with delus spread, it is olten necessary 1o add a guard period 1o the transmitled symbals. By preceding
each syvmbal by 3 guard period it is poasible to absorb the inter-symbol interference. The guard period
must be ol limited durstion [9], because although a lonzer puard period gives a maore rugged sesiem, it

imposcs a penalty because of the power riquired for its transmission.
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Mod parallel F Add ro -
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Figure 1. Multicarrier system simulation

2. Fading Channel Models

In this work the mobile and wireless applieations are considered. for this reason the appropriale radio
channel models are chosen to suppert the simulation proeess for this work. A wvpical channel model in
land mobile radio is known as frequency (lat Raleigh fading. This mode! is suitable for modelling urban
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areas that are characterised by many obstructions, e.g., buildings, surrounding the mobile station where
a line of sight path does not exist. In suburban areas. a line of sight path may exist between transautier
and receiver and ihis will give rise to Rician fading. Rician fading may be characterized by a factor
which 15 defined as the power ratio of the specular (line of sight or direct path) eomponeni to the
diffuse components. This ratio &, defincs how near to Rayleigh statisuics the channel 1s. [n fact, when
a =0 there 1s a Rayleigh fadmg, and there is no fading at all when @=oC. The rate of change of the
fading 15 defined by the Doppler rate. The Doppler rate 1s proportional to the velocity of the mobile
statron and the frequency of operation. The normalised Doppler rate is given by £, 7, where [, 15 the
marimum Doppler rate and 7, is the MC symbol duration. For this work simulations, the symbol
duration is equal 10 one secend so that the normalised Doppler rate is ¢qual to the Doppler rate. In
general, normalized Doppler rates less than Q.01 are applicable to most systems[8].

A more complex propagation model includes many discrete scatters, where each propagation path may
have a different amplitude, propagation delay and Doppler shifil. When the components of a signal are
received with different delays, the phase difference between them is a function of the frequency of the
components. Thus the transmitted signal will experience a channel with a non-flat frequency response,
which also varies with time. This type of channel is said 10 be frequency selective and is usually
modelled as a tapped delay line, where the number of taps is equal 1o the number of discreie delayed
paths. Clearly, the effect of the tapped delay line is to introduce overlap between the transmitied
symbols. This form of degradation is known as intersymbol interference (ISI). One simple frequency
selective channel model is known as the two path fading channel. tn this model the first arriving path
experiences Rician fading and the second arriving path (which has a delay set by the delay parameter,
z) experiences Rayleigh fading. In addition, we define a ratio (d) between the power in the first path
and the power in the second path. [n our work, d =13 and the ratio & for the Rician fading path is
equal 1o 13 for all the simulations. Fig.2 shows the simulation model. Fig.3 shows a frequency
selcctive fading channel model for two path fading channel [ 10).

ANGN
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Rayleigh, Rat fading

Fig.2. Simulation model

e » Delay
Path
TX 7z
Raytigh
Rician +— Fadiny
Fading
Channe!
Channel

adder ,l MC

Fig.3 Frequency selective fading channel model for two path tading channel model

3. Transmitted signal with Guard period

In the presenee of inter symbol interference causcd by the transmission channel, the propernes of MC
between the signals are no longer maintained. One can approach asymptotically towards a soluton to
the problem of channe! selectivity by increasing indefinitcly the number of carriers [3. 10]. However,
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this methed 15 limited by the temporal coherence of the channel (Doppler cffect} or simply by the
technological himitation of the phase noise of the oscillators.

The second solution sacrifices some of the emitted energy by preceding cach symbo!l by a guard period
to absorb the inter-symbol inmerference. This 1s achicved using the guard period add block shown m
Fig.4. The guard period must be of limited duration {[0], because although a longer guard period gives
a more rugged system, it imposcs a penalty because of the power required o transmit ths guard
period. Let A be the guard period. Therefore the duration of iransrmitted signal is given by

t, = A+ T, The guard period is added by taking the last four samples ol the 16 lime domain samples
at the output of the IDFT and then inserting them in front of the 16 original samples. Consequentiy.
the 1olal number of transmitted samples is now 20 samples per symbol black as shown in Fig.d.

16 samngles
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&

L CLTTTEIT I T
= e

4samples
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— )F 16 samples dat atransmitted ,—,I
INERRNNERERRERERRNEE

<

20 samples d&ta transmited

L 20 samples data transmitted |20 sermples data transmited

[ T
INNNEERINRERERENNNEERRINNENEEEE
~juard period |:I fransmitted symbol

Fig. 4. Addition of guard period

The complementary block in the transmitter is the guard period add block which performs the task
depicted in Fig. 4. The implementation of the guard period remaove block is shown in Fig. 5. The

resulting output of the guard remove is 16 samples per symbal.
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Fig.5 Guard period remove.
4. Two path fading channels
4.1 Performarnee of MC-OQPSK with magnitude two path fading channels
In mobile communication systems, the ercors are introduced not only by noise, but also by intersymbol
interference. These later crrors cannot be eliminated by simply increasing the transmitter power. The
error rate duc o [S] can be apprecisble even if the delay spread is miuch smaller than the bit duration
[8]. In this work a Lwo-path fading channel model is being implemented Using the SPW simulator [3].
Fig. 6 shows the BER performance for MC/OQPSK with a guard period in the presence of AWGN for
the magnitude only two-path fading model, Doppler rate 0.1 Hz. for various signal delays in lhe second
path. For example z = -1 means a delay of one sample period. for this work. 16 carrier simulations and
Lhe delay corresponds with 1/16 of the transmitted symbol period. The first path is Rician with ¢ = 13
and the rano of power in the first path to the power in the second path (o) is 15, For the designed
channel it can be obscrved that the BER is depending on the second path delay.
Figures 6 and Figures 7 show the effects of removing the symbol guard period when operating over the
two-path magnitude fading channel only. For both values of path delay, it can be seen that the removal
of the guard period has given rise to ireducible BERs.
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Fig. 6 BER performance for MC/OQPSK with and withour a guard period in presence of AWGXN for

magnilude two path fading , Doppler frequency fd =0.1 Hz, a=i5, d = 15, and a second path defay z =

-tsamples.
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Fig 7 BER performance for MC/OQPSK with and without a guard period in presence of AWGN flor
magnitude only two path fading , Doppler frequency fd =0.1 Hz, a=15.d = 15, and a second path delas
z = -3 samples.

Fig. 8 Shows the BER performance for MC/OQPSK with and without a guard period as compared with
MC/QPSK in presence of AWGN for two cases with and without magnitude for two path fading ,
Doppler frequency fd =0.1 Hz, a=13, d = 15, and a second path delay z = -1 samples, The results for
BER MC/OQPSK with a guard period in magnitude only for two path fading. It is similar (o Guassain,
but the results for MC/OQPSK without a guard pertod and magnitude in two path fading becomes
worse, but the worst result for the case MC/QPSK without a guard period and withour magnitude wo
path fading. This can be explained due to mulii path delay in the channel, also when dealing with
magnitude in two path fading , this means that it is dealt with magnitude changes in the channel, and

not dealt with phase changes in the channel
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Fig 8. BER performance for MC/QQPSK with and without a guard pcriod in presence of AWGN with
and without magnitude two path lading . Doppler frequency fd =0.1 Hz, a=13. d = 15, and a second
path delay z = -1 samples.

Fig. 9 Shows the BER perfoermance for MC/OQPSK with and without a guard period as compared with
MC/QPSK i presence of AWGN with and without magnitude two path fading . Doppler frequency fd
=0.1 Hz. o=15. d = 15. and a second path delay z = -3 samples. The results for BER  usina
MC/OQPSK with a guard period in magnitude only for nwo path fading seems o be similur to
Guassain, bui the results for BER using MC/QQPSK without a guard period and with magnituiide two
path fading becomes worse, but the result becomes worse for MC/QPSK if we do nol use a guurd
period and we do not have magnitude two path fading . This may be explained due to the ngreasing
mulu path delav(z =-3) in the channel. also when dealing magnitude two path fading . this means that

dealing wiih magnitude ehanges in the channel and not deating with phase chunges in the elunnel

BER

- === == | —— MCOPSK

Fig.9 BER performance for MC/OQPSK with and without a guard period in presence of AWGN with
and without magnitude two path fading . Doppler frequency fd =0.1 Hz, a=1{3. d = 13. and a second
path delay z = -3 samples.

4.2 Performance of MC/OQPSK with a guard period in AWGN with two-path

channel fading.

To overcome the problem of the multi path delay, in this work a guard period was inserted between
successive transmiited symbols as explained in part —3.To reduee the problem of multi path dela; a
guard peried is inserted into the transmitted symbols. which is in this work simulalior is equalto [/ of
the svmbol period. Thus each transmilted symbol has its duration increased from 16 to 20 sample
periods. This guard period is used to absorb the signal delay induced by the bwo path fading channel.
The simulation results shown in Fig 10, 11, and Fig 12 shows an improvement in performance of the
OFDM/OQPSK system due to the addition of the guard period for various values of second path delay.
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Fig. t0 BER performance for MC / OQPSK with and without a guard period for a second path of delay
z=-1,a=15d= 15, [d=0.1 Hz.

From these graphs it can be seen that the performanee improvement in terms of valucs of 1reducible
BER decrease as the delay between f(irst and second paths rise towards that corresponding with the
guard period. It is Clear that the modest BER performance levels achieved when the second path delay
exceeds one sample period are unacceptable without further measures being applicd e.g., forward error
correction, a change in the way the serial symbols are multiplexed onto the parallel carriers or an
increase in the number of carriers to further increase the transmitred symbol period. It should be also
noted that the Doppler rate of 0.1 Hz used in these simulations is much more severe than is likely to be
experienced in most indoor channels.

Fig.13 summarises the BER results for MC/OQPSK with a guard period in the presence of AWGN and
two-path fading for varicus second path delays. All these results have a Rieian fading power ratio of a
=15 for the first path and a power ratio & =15 between first and second paths and a Doppler rate f, =

0.1 Hz. These simulation results show that, the irreducible BER increases when the delay between the
first and second arriving paths was increased. When the delay is equal to seven sample periods, the

BER performance is very poor because the channel delay is now in excess of the guard period.
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Fig 11 BER performance for MC/ OQPSK with and without a guard period for a second path of delay
ofz=-3a=10.d=10,fd=0.1 Hz.

' SNR
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Fla. 12 BER perfermance for MC/QQPSK with and without a guard period for a second path of delay
of z=-5.a=15.4=13,fd=0.1 Hz.

BER

¢.001

Fig. 13 BER performance for MC/OQPSK with a guard period in the presence of AWGN and two-path
fading channct for various second path delays. a=15,d = 15. fd =0.1 Hz.

Conclusion

In this paper. the performance of MC/OQPSK has been investigated in AWGN. flat Rayleigh Rician
fading and two-path fading channels. With a specular (= 15} Rician channcl at a normalised Doppler
rate of 0.1. the degradation from Rayleigh channel (a= 0) gives risc 1o an unacceptable irreducible BER
ot about 0.01. However, for the indoor or microcellular environment a direct path is likely 1o lead Lo
less hostile channels than flat Rayleigh fading. With nwo-path fading and a normalised Doppler rate of
0.1. the BER performance is not acceptable, even at low valucs of second path delay. However, in the
indoor or microcellular channel, the normalised Doppler rate is likely to be lower than the 0.1 used in
the simulations. This will improve the performance of the coherent demodulator. For channels with
delay spread. the BER performance for coherent demodulation of multi carrier is poor at a Doppler rate
of 0.1 Hz. though the use of a guard period does improve things for low values of second path delay
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