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Abstract

This paper presents a modified maximum Ratio Coe{MRC) for correcting inter symbol interferend8lIj
distortion in mobile wireless channel. Mobile wes$ system produces fast frequency selective fadingnel
which is due to the variation of the channel intsacway that the coherent time will be less thandymbol
period of the modulation schemes considered anddét@y be greater than the symbol period. This eaus
overlapping of successful symbols and resulted ritersymbol interference (ISI). The modified MRC
performance investigated uses a single Radio Fregu@RF) chain and a single Matched Filter (MF)eTtivo
paths were considered and combined using MRC d@REhstage. Then the received signal was evaluateziin

of Bit Error Rate (BER) and the results were coraegawith the conventional MRC which used many RFrcha
and MF depending on the number of paths. The mesuftained showed that the modified MRC gave
approximately the same BER performance when cordpaith the conventional MRC receiver indicating the
same performance over this ISI distortion chanAdédo, the modified MRC receiver at the RF stageegav
relatively lower processing time which is an indica of a lower complexity. Therefore, the modifisdRC
receiver has been shown to be capable of redubm$pardware complexity and the implementation obshe
system over the ISI channel.

Keywords. Maximum Ratio Combining, Matched Filter, RF chayyltipath fading, GMSK
1. Introduction

Nowadays, mobile communications are undergoingrengtexpansion due to their immense applications in
various economic sectors of every nation, like Bagk Telecommunication, Marketing, Broadcasting and
Security to mention but few. In order to designustband highly-effective mobile communication sys¢eto
meet-up with this expansion, the characteristicthefradio channel in which systems will operatech® be
considered. The knowledge creates a system rumtihigh speed, using less bandwidth while miningzenror
rate. Unfortunately, the mobile radio channel is thost chaotic media to work with. In reality, $ very
difficult to predict the behavior of the channelugh, Tung anduc, 2003).

In a radio communication system, when the sign#édaissmitted through the physical channels, it ddgs as a
result of obstacles along the signal path. As altgsthe mobile system moves through zones witferdint
signal levels, causing a fluctuation of the receigggnal Rappaport, 2002This variation or fluctuation at
the receiver can be so severed as to produce al sitpich is below the sensitivity of the receivinis, causing
poor reception of the signals. The phenomenon @vknas signal fading. Signal fading arises from tipld
transmission paths at the receiver with differdmige shift and delay spread which is the time spbegween
the first arrival and last path.

In a digital system, the delay spread leads ta-syenbol interference (ISI) whenever the receivedtipath
components of a symbol extend beyond the symbate tduration Eklar, 199Y. The fading channel
associated with 1Sl is called frequency selecthvese the coherent bandwidth of the channel is ilebsa the
signal bandwidth Mohamed, 200)/ Conventional MRC is proposed in (Adeyemo andi,Rap10)
(Deepmala, Ravi, 2012) (Adeyemo and Abolade, 2G)one of the mitigating techniques against mobile
multipath fading. However, the conventional MRCfetg the hardware complexity as a result of itstipel RF
chains and Matched Filters which depends on thebeuraf propagation path. In Conventional MRC, nuliti
copies of the same information signal were combis@ds to maximize the instantaneous signal abtitgut
(Adeyemo, 2009). The output of the conventional MiR@btained from the weighted sum of all brancHéd®
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complex conjugate of the channel impulse responas used as the weight which multiplied each of the
corresponding signal paths to cancel the phasati@is introduced by the chann&@rnchai, Wannaree
and Sawasd, 2003%ystem model of the conventional MRC diversiy K propagation paths and its output
was given by $ang, and Zhengado, 2007he RF weighting of the conventional MRC is dixa as the
conjugate of the channel impulse response (AdeyamdRaji, 2010). In this paper, a modified MRCeiiger
with Maximum Likelihood Sequence Estimation (MLSEQualizer is proposed to mitigate the induced ISl
channel caused by multipath propagation effects.

2. Materialsand M ethod
2.1 System Model

The system model consists of the transmitter, thbile communication Channel and the Receiver. Sodata
(randomly generated binary data) is reshaped ardula@d with each of BPSK, QPSK and GMSK schemes.
Square-root raised cosine (SRRC) filter is usedethuce the spectral occupancy in case of BPSK @8KQ
while Gaussian filter is used in case of GMSK. Miatlor processes the digital message signal aretdit for
suitable transmission over the channel. The systemel is shown in Figure 1. The received signalthatRF
stage were combined using MRC and then passedgithie RF chain and matched filter for further gssing
which was finally demodulated with BPSK, QPSK and & demodulators.

BPSK, QPSK modulated signal, denotedsp sk /opsk (t) is modeled as

Sppsk/qpsk (t) = k(t)COS(Zﬂfct + @(t)) 1)
where k(t) is the complex modulating signal
f. is the carrier frequency ar@i(t) is the phase shift.

Equation 1 can be written as complex envelope fasm

Sppskqpsk(t) = k(t)explj2mf.t] (2)
Also, Sg sk (t) can be modeled from the impulse response of thessan low-pass filteg ( t ) given as
q(t) = [2.—— .(BT,).exp (—2 (Mf)‘ (3)
In(2) s n(2)

whereB is the half power band width afd{ is the symbol duration.
GMSK modulated signal can be modeled as

t
seusk (£) = rect () q(t) @
wherex is the convolution symbotect(.) is the rectangular function obtained from the noeeirn zero
(NRZ) format of the burst of data to be transmitedlq (t) is the impulse response of the Gaussian filter.

211 BPSK modulated signal

The BPSK modulated signal, denotedsypsx (t), is modeled byRappaport, 2002

Sppsk i(t) = m(t)\/% cos(2rf,t + 0.),0 <t <T; (5)

WhereE is the energy per symbdl, is the symbol period anf}. = the carrier frequency),. is the phase shift
andm(t) is the binary data which takes on one of two fegiulse shape

2.1.2 Quaternary Phase Shift Keying Analytical Expression

Here, two bits are transmitted in a single modatatiThe QPSK signal for this set of symbols stiagven as
(Rappaport, 2002Leon,2002) as:

Sopsk i(t) = \/% cos (g (i— 1)) cos(2mf.t) — \/% sin (g (i— 1)) sin(2mf.t) (6)
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ForO<t<Tsandi= 1,2 3,4

2.1.3 Gaussian Minimum Shift Keying (GMSK)

Gaussian Minimum Shift Key (GMSK) yields a constantplitude and continuous phase RF carrier signal.
has a much more constrained bandwidth becauseates@n pulse rises and decays asymptoticallyregpect
to a zero response level. The GMSK is generatadiregt FSK modulation of a carrier with a basebsigal
which is scaled in amplitude to produce a modutaiimex of 0.5 so as to produce a difference of bédween
the two values. Pre-modulation filter is used tuee the bandwidth of a baseband pulse train twior
modulation so as to smooth the phase trajectotiygeofMSK signal resulting in FM modulated signaltwit
narrow bandwidth. The reduction in the bandwidthdgesult of smearing of the individual pulsepuifse train.
The BER for GMSK is given by§anjay, 201las:

BER = Q( 2;”"”) 7)
where: ’
Q=3erfe(%) ®

x = Euclidean distance between the two constellgimints on the constellation diagram
E;, = energy per bit
N, = noise power spectral density
& = BT, (product of Bandwidth and bit duration)

2.2 Mobile Wireless Channel

The wireless channel is modeled as the time varyipgilse responsk(t, T) channel Goldsmith, 200pas

h(t,7) = X5 a;(t, Dexp[j6,(t, 116 (T — ;1)) ©)
where:

a;(t,7) is the attenuated amplitutde Bfrnultipath at time and delayr

7;(t) is the delay of'! paths at time.

0;(t, T) is the phase shift adf path which depends on the delay spread and Doppterd

o(t — 1;(t)) is the unit impulse function which determines sipecific multipath component at time t,

and excess delas;

The received fading sign&l(t) without LOS can be expressed as
h(t) = ilo' ai(t) cos2nfet + @; (1)) (10)

where N is the number of paths,

@;(t) is the phase which depends on varying paths leogtnging byx.

The linear time-varying impulse resporfsét, T) of mobile channel is modeled by a random phenomeno
because its characteristics change as a functidimefin a random manner. Therefore, the sum ofr¢ipdicas

and each resolvable channel path can be approxinssteomplex-valued Gaussian process in time vétb z
mean. At any time t, the probability density functi(pdf) of the real and imaginary parts is Gaussg&ince
each resolvable path is modeled as a complex-valigassian process, by changing the complex Gaussian
random variables to polar coordinates, it is shiafgrward to conclude that the envelope of theratation is
Rayleigh and the phase is uniformly distribut&iagnjee, and Hiroshima, 200&¥ee and Satorius,
2003.
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When there is relative motion between the traneméhd the receiver, channel impulse responseesigmal
becomes

h(t) = Eilo' ai(t) cos[2mt(f; + fa) + @:i(t)] (11)
wheref, is the Doppler frequency

Equation 7 can be further expressed in terms oiinghiease and quadrature form as

h(t) = YN LI(t) cos2mfyt — Q(t)sin2nf,t (12)
where, In-phasd (t) = XN " a;(t) cos2mfyt + 0;(t)) (13)
QuadratureQ(t) = YNt a; (t) sin(2rfyt + 0;(t)) (14)

2.3 The Receiver

The received signals from two independent idertidadibtributed (iid) paths are combined using a ified
MRC at the Radio Frequency (RF) stage. It is madefuwo RF weighting, the summer, one RF chain amel
Matched filter. The received RF baseband signtiet" path can be expressed in complex form as

y.(t) = Rely;(t)expj2nf.t} (15)
yi(t) = hi(t,7)s(t) + n;(t) ,i=0,1...N-1 (16)

where:
h;(t, ) is the complex channel gain between the transniéreama and thé"ireceive antenna element.

y;(t) is the received signal at the anteifhaath
s(t) is the equivalent low-pass transmitted signal,
n;(t) is the thermal noise modeled as AWGN at theeteive antenna

fc is the carrier frequency.

Each output of the RF weighting blocks is deriveahf the Hilbert transform of the received sigpdt) and is
modeled as

W,(t) = hige (6, DFD) + by i (6, D (F:(t — 1)) (17)

Then all the RF weighting¥, (t) outputs in each path can be combined to produce

W(t) = Ti6 hire (&, DG (0)) + byt (8, DG (€ — 1)) (18)

Equation (15) can be substituted in equation (@&)ive
W(t) = X0 Re{hige (t, DY) + hypn(t, Dy (t — Dexp(—j2nf,1)}expj2mf,t(19)

whereh; r, andh; ;,,, are the Real and Imaginary of the complex chagaiel andr is the delay time. It was
observed for the value afn equation (20) justified the mathematical expi@s equations (21) and (22).

T=— (20)
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s(t—r1) = s(t), (21)

exp(—j2mfet) = —j (22)

Equation; 16, 20, 21 and 22, can be substitutedagtiation 19 to give

N-1
W= Y Re {hi,Re(t, D6 DSO] = jhim (& Dhi(E D) = 1) +} S
o hire (6, DN () = jhi o (t, DI (¢, T) ‘
(23)
Taking out the real component from the equatior) (A&s
w(t) = XLy [hi (6, DIs(®) + hi (¢, DIni (0] expj2nf.t (24)

The output of the summer can be down convertelledaseband signal by passifi§t) through the RF chain
to give

w(t) = TG (8 D12 (6) + by (8, T)ny (0)] (25)

wherehi*(t, T) is the conjugate of the channel complex gain atithe t and delay.
The received baseband signals are then passetthénimatched filter to further remove the spectcaiupancy.

The output of the Matched filter is obtained by waolring the MF impulse response with th&(t). This can be
expressed in equation (26) and (27) using SRRGGssian filter respectively as

w(T) =w(t) *p(kT —t) (26)
w(T) = w(t) * q(kT —t) (27)

where* is the convolution operatap,(kT — t) andq (kT — t) are the time inverse function of the impulse
response of the SRRC filter and Gaussian filtepeetvely as proposed i9PS, 201P(Swarna, Prasanna,
and David, 2011). Mathematical expression for thpulse response of SRRC and Gaussian filter weie ted
in (3GPP TS, 2012Ambreen, and B. Felicia, 199@spectively. Therefore, equations (26) and (2ir)
be simplified and expressed as:

w(T) = us(T) + un(T) (28)
where:

u,(T) is the discrete signal component of the matcHezt’§ output

u, (T) is the discrete noise component of the matcheat’loutput
Therefore,

w(T) = X5 IR (6, D) 125 (T) + ki (8, DIy (T)] (29)
where:

s(T) is the transmitted data
n;(T) is the discrete noise and
h;(t, ) is the channel impulse response at the delay

h; (t, T) is the conjugate of the channel impulse respontesalelay
For the combined baseband signal from two propagataths, the output of the modified MRC is given a
w(T) = [(h§(t, ) + hi(t, )] s(T) + ho (£, DIno(T) + hy"(t, T)ny (T) (30)
The signal at the output of the MF is fed into @ximum Likelihood Sequence Estimation Equalizet Q&)
where the error due to ISI is removed using Vitedgorithm. Then, the output signal from the eqealis
passed to the appropriate BPSK, QPSK and GMSK delatmd. Bit Error Rate (BER) is estimated from the
demodulator output by comparing with the transrdiiggnal.
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2.4 Rayleigh distribution

Rayleigh fading is the specialized model for treckastic fading when the nature of the channetababilistic
and there is no line of sight signal, sometimessm®ered as a special case of the more generalaezbpt by a
Rayleigh distribution. Lord Rayleigh proposed ttfat received signat(t) can be expressed (8

r(t) = p(t) cos (2w fct + 6(t)) (31)
The received signal has Rayleigh amplitpdg) which is found from

p () = JI2(t) + Q3(t) (32)

and a uniform phas@(t) between 0 andz2 The probability density of the amplitude is désed by the
"Rayleigh distribution". Rayleigh probability detysfunction (PDF)x(r) is given by Vijay, 2007 as

r r?

fr () = exp [—ﬁ , r=0 (33)
where:

r is the amplitude of the received signal

o%is the parameter of the distribution
2.5 Bit Error Rate (BER)
Bit error rate is a key parameter that is usedssessing systems that transmit digital data fromlooation to
another. BER is applicable to radio data links,eftlet, as well as fibre optic data systems. Whea da
transmitted over a data link, there is a possibitit errors being introduced into the system. I§tis so, the
integrity of the system may be compromised. Assaltgit is necessary to assess the performantieeafystem,
and BER provides an ideal way in which this carableieved and assesses the full end to end perfoaraa
system including the transmitter, receiver andntteglium between the two. BER is defined as theattehich
errors occur in a transmission system. [5] matheaiat expressed BER as,

number of bits in error

BER = - (34)
total number of bits sent
BER expression is given by [2], [8] as
BER = fooo Dy G) p(r)dr (35)

wherepy (g) is the conditional errorP(r)dr is the pdf of the Signal to Noise Ratio (SNR)
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Figure 1. System model

2.6 Simulation method

The simulation of the system model under study eeased out using MATLAB application package be@a$
the controllability and repeatability of parametesich is very difficult to achieve at highway ggs in the
field test. The simulation was carried out usingd@mly generated binary data which was reshapedoto
Return to Zero (NRZ) data format for BPSK, QPSK &MdSK modulation scheme in turn. Then two copies of
the faded signal were created and combined using MRthe RF stage. The following parameters antesys
configurations were used in the simulation:

Modulation scheme: BPSK, QPSK and GMSK
Carrier frequency: 1800 MHz
Bandwidth of signal: 60 Hz

Symbol periodsTs: 16.67 ms

Delay spread, 18 ms

Noise: AWGN

Transmit Filter: Square root raised cosine pulspg for BPSK, QPSK and Gaussian for GMSK
Receive Filter: Matched Filter

Number of MRC Paths: 2 paths

Mobile speed: 120 km/h

Fading type: Rayleigh fading
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3. Results and Discussion

The results obtained from using BPSK, QPSK and GM#&jkdaling schemes with a modified and conventional
MRC receiver over two paths at mobile speed of Ki2Zh, in a terrestrial mobile environment are pnésé in
Figure 2 to 4. The terrestrial multipath mobile ikorment is simulated based on Jakes model for éRglyl
fading channel. Bit Error Rate (BER) in figure 24t@howed that both MRC were able to mitigate #ubrfg due

to the fast and frequency selective nature of tlebilm channel, haven produced a lowest BER with BMS
lower BER with BPSK and low BER with QPSK. Figuretows the BER performance of the three modulation
schemes in a plot to reveal easily the performaooeparison of the considered modulation schemesul®eof
the simulation showed that at the mobile systenedmé 120 Km/h, Modified MRC gave mean BER of 0.839
0.0946, 0.0029 against mean BER of 0.0457, 0.0988020036 of the conventional MRC, using BPSK, QPSK
and GMSK signaling scheme respectively. Consequeitttan be observed that the modified MRC perform
better than the conventional MRC in terms of BERs is justified with the fact that combining theceived
signal at the RF stage rather than the basebagd faours better cancelation of the phase vanatitroduced

by the channel.

Considering two paths at highway speed of 120 krfigure 6 shows that the modified MRC has shorter
processing time compare to the conventional MR@abse modified MRC has shown 91.68 % and 56.1%
reduction in processing time when the modulatiomestes are BPSK or QPSK and GMSK respectively. The
relatively lower processing time is an indicatidradower hardware complexity and even low cost.

4. Conclusion

The effect of ISI distortion cancellation using adified maximal ratio combiner which makes use & &RF
chain and one matched filter over the fast andueeqy selective has been investigated with BPSKSKQ&nd
GMSK signaling schemes. Binary data has been reshaping NRZ, modulated using the schemes considere
before the transmission over fast and frequencgctige fading channel. The radio frequency pathsewe
combined at the receiver using MRC and demodulatambrdingly. The performance of the modified MRC
diversity is evaluated using BER and processin@ tand then compared to the conventional MRC ditxeinsi
removing ISl distortion, modified MRC is found tivg a better performance in term of BER indicatihgt the
modified MRC receiver model has reduced the probdéns| distortion and the hardware complexity bét
conventional MRC receiver, consequently the impletaiion cost due to shorter processing time. The afs
one RF chain and one matched filter has drasticalhtributed to the lower processing period of tedified
MRC with MLSE.
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