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Abstract- Intermittent call reception in GSM network is as a result of unsteady signal caused by
multiple versions of the transmitted signal arviving at a point. To reduce this unsteady reception an
intelligent frequency hopping technique was used. To achieve that, a multipath reception model was
simulated first to determine the number of multipath signals arriving at the reception point. Then
the operating frequency was varied until a good network signal was received. If further
transmissions was done using that frequency, steady signal reception will be achieved at that point
and thereby reducing if not eliminating completely intermittent call reception at that location.
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1.0 INTRODUCTION

Mobile Communication has become a necessity
for many people throughout the world. The
ability to keep in touch with family, [riends,
business associates, and access internel services
anywhere and at any time are only a few of the
reasons for the increasing importance of Mobile
Communication [1]. It has also not only
provided users with a sense of security but in the
event of emergency, having a mobile phone for
example can allow help to reach one quickly and
could possibly save lives. Modern mobile
phones are capable of, sending and receiving
photos and files, instantly send data to the home
or office, check for important e-mail, use mobile
phone as a PDA or calendar, and store photos
which can be easily transferred to a PC or laptop
computer [2]. Some mobile phones are also
cquipped with GPS technology. allowing for use
in many locations around the world and allowing
the mobile phone or system to be found or the
user located in the event of loss, emergency or
theft (tracking systems).

However, in a world where mobility is
becoming a top priority for professionals and
consumers alike, il is surprising that slul_)_lc
network reception, call quality and voice quality
have continued to deteriorate most unifortunately
even with increase in subscription. l’mb!cms
ranging from frequent drop calls, .bad qu“l:“y
voice calls, blocked calls, absent of nclwcf-r ,n.i
gsome locations in the network coverage,

inability to get connected even after several
trials are common. Long call set up time,
intermittent call receptions and delays in
messaging are some of the other problems.
According to the February 18, 2011 report from
Power J.DD & Associate, call quality and unstable
network reception problems have increased
considerably with wireless calls in 2011 [3].
This phenomenon is worst experienced in the
developing countries.

The 2012 semi annual study, [3] measured
wireless call quality based on seven problem
areas that impact on overall carrier performance:
intermittent/dropped calls; static/interference;
failed call connection on the first try; voice
distortion; echoes; no immediate voicemail
nofification; and no immediate text message
notification. The report found that out of 100
calls placed, 10 experienced problems of call
mterruptions alone,

In fact intermittent reception of ongoing calls
and drop calls has of late become an endemic
problem in  Nigeria [4]. Intermittent call
reception is a situation whereby a subscriber will
be on a call and suddenly he/she will not be
hearing the other person again, but after a short
moment the call will be restored only to fail and
probubly restore again. If the condition persists
U'IL' call may eventually drop. In some other
mslances one may be on call while driving or
may be in a moving vehicle suddenly the call
may cease only to come again after a short time,
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These unpleasant and frequent re-oceurTing
situations often lead to lots of frustration and
disenchantment  with the result that mobile
network users do not enjoy the value of what
they paid for. One funny thing about these
conditions are that ata location where one 1s not
receiving unstcady network coverage with say
network operator A but with a phone with
network operator SIM B will be receiving full
and steady network coverage. This 18 why many
Nigerians carry about more than two phones s0
that if one network fails at the location where
he/she is. the other one may likely be receiving.

With the recent advancements in technology this
problem which is caused by fluctuations 1n
received metwork signal level due 10 fading
should not continue and that is the motivation
for this work. The work is based on improving
the received signal level at the locations where
received signal level is sometimes not sufficient
to carry calls either in receive OF transmit
direction.

2.0 Theory of the research

Intermittent call receptions is as 2 result of
frequent changes in the level of the received
signal from the base transceiver at the point of
reception - 2 phenomenon {nown in electranic
communication 28 fading. In radio
communication the tWo main factors that causc
signal fading are (51

path Loss, also known as large scale fading 1s
largely due 1€ the distance between the

transmitter and the receiver.

Multipath Reception (small scallc. fading)
caused by the pmpagatcd signal arnving at 'fhe
receiving point in several of is versions which
can combine constructively of destructively at
any point in the coverage area.

path loss obeys the Inverse square jaw which

states that the received poWeT (P,) per unit arca

! - ies rsely according Lo
from a pount source varies mve |
the squart of the distance (d) from the point
(PFPD’dE). In other words, the

source > duces as the
4 signal strength (PO 1€ |

?ir;!;gatev f\“my from the iransmitter (2]

h "

. n. studies have shown that

T "
of four major issues caused by
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physical factors in a radio communication
channel. and which most times affect mobile
signal strength as it travels from the base station
to the mobile receiving unit and vice versa
resulting in intermittent call receptions and
failures [6]. These factors include: reflection,
diffraction, obstruction and scattering of the
propagated signal as result of such structures
like buildings, trees and other obstacles on the
path of the propagated signal (see figure 1.1),
There are other factors like rainfall, wind, call
iraffic etc. The result is that several versions of
the transmitted signal arrives a receiving spot
and the combination of this armving signal will
form the received signal level at the point. If the
combination 1s more constructive a good signal
is therefore received and hence @ good network,
but if the reception is more destructive we have
a degraded reception which may result in
occasional or total absence of network.

Since the presence of the obstacles in free space
cannot be controlled or eliminated. on€ therefore
has to device a means of overcoming its effects
in order 10 maintain 2 good  quality
communication that will avoid intermittent

receptions, This work is therefore on reducing
the adverse effect of multipath reception of
propagated signal in space [7].

Fig L A typical Multipath Environment

A: Free spact reception € Received diffracted
signal  E: Blocked signal
B: Received reflected signal D: Received
scattered sl gnal

In signal reflection, the reflecting object is large
compared 10 the signal wavelength. For a signal
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to be scattered. the scattering object is small
compare to the signal wavelength or its surface

15 mregular.
Maultipath Reception Models

As earlier stated. mulupath signals result from
obstacles on the path of the signal propagated
between the transmutter and the receiver. The
same signal amves at the receiving node through
vanous propagation paths created by the
obstacles between the node and the transmitter
[6). The amvwving signals have different
amphitude and phase differences among one
another so that the overall resulting signal varies
from shghtly more strengthened (signal
reinforcement) to considerably less strengthened
(signal cancellation) compared to a single signal
(8].

2.1: Signal Reception at different Positions of
Scatterers and Receiving Units

There are different types of models to deal with
different situations as follows:

Models for multipath signal

- when both the mobile unit and some of the
nearby scatterers are all stationary.

- when both the mobile unit and some of the
nearby scatterers are all moving.

- when the mobile unit is standing and some
of the nearby scatterers are moving

2.1.1 Reception when both the Mobile Unit
and nearby Scatterers are all Stationary

This is a static multipath situation: the various
signal paths resulting from the numerous
scatterers, reflectors, deflectors, etc, reaching the
mobile unit can be individually identified in
theory as modelled in Figure 2. Assuming we
have k signal paths, the received signal reaching
the stationary mobile unit, can be expressed by
the following equation [6]

s(t) = Tk, a;s,(t — 1) (1)
so(t) = agexpli(@ot + @o)] 2)
where,

s(1): received si gnal

a; i transmission attenuation factor
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so(1): the transmutted signal

t:  tme

t, i” signal path (time delay)

a, amplitude of the transmitted signal

@, angular frequency of the transmitted signal
@o. phase of the transmitted signal

wo = 2nf;,  where f, is the frequency of
transmitted signal.

For the i path, the total propagation time can be
expressed by the equation

1; = T+ Art; (3)
=_ 1 k =
T="k zi:l Tj (T is mean value of 1) (4)

From equation (1) a; is the ith path transmission
— attenuation factor, which can be a complex
value, substituting the value of sy(t) in equation
(1). then

s(1) = x(t - Dexp[i2nfo(t-T) +joo)  (5)

The envelope x(t) of the received signal s(t) is
expressed as

k
x(t)=ao[zt_1a;lexp (-j2nf, ATy)] )

From the received envelope (eq. 6) a, is
constant; the rest of that equation represents the
multipath phenomenon. Since this equation is
lﬂ_dependent of time t, then x(t) is also constant
with respect to time. The received signal
envelopes of s(t) therefore remain unchanged, so

long as the mobile unit and the nearby scatterers
are all standing,

Examples of moving scatterers are passing cars
and trucks, aero plane, foliage during windy
condmo_n etc. In this case, time delay, 7, and the
altenuation constants a, will be uniquely
different at any instant of time along the ith path

Then received signal s(1) in equation (5) will
now change to

s(t) = x(Y)exp(ipo)exp(j2nt,1) (7)
Given that
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x(0) Xty u,,a,(t)exp(—jZJrf:,(:)) (8)

Unhke the previous case the amplitude and
phase of the amriving multipath signal are
changing with time. Hence #(1) which contains

\_/
K1, K2, K3, K4, K5, and K6 are multipath signals

Volume 7 Number 7, July 2015

!he transmitted message will be changing at any
instant of time.

7N
———

B\

Stationary
Mobile
Unit

ABCDEFare
all static signal
scatterers

Figure 2: Static multipath situation when both mobile unit and scatterers are all stationary

2.1.2: Reception when both the mobile unit
and the nearby scatterers are all moving.

In this case the resultant received signal is the
sum of all scattered waves from different angles
0, depending upon the momentary attitude of
the various scatterers and whether or not the
direct signal transmission path is blocked. This
is expressed as follows:

s(1) = Laoa; exp [ J(wol + @o— Pyt cos 8, + @))]
= A, exp (jyi) exp [ (ot + o)) 9)

But A, 18 given as

A, = [ (ac5a cosy)’ + (aoZaisiny)]™ (1)

Yai sin i 1
Yyt = tan -1 Yai cosyi (1)

And V=9~ (vt cos 6;

2.2: Intermittent Call Receptions

In intermittent call receptions, mobile users
experience momentary call failures of an
ongoing call which in many cases may not
terminate the call unless it is prolonged. This is
different from call drops where the call is
terminated completely meaning that the call has
to be initiated again for the conversation to
continue. Intermittent call reception is a problem
of fading where the signal level keeps changing
because of the environment. The rate of the
signal changes can be determined using the

model of this work.

Different types of signal booster systems meant

to boost received signal have been used to
reduce problems of intermittent call receptions,
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dropped calls and blank network reception
points (dead zones). But they have not been very
effective.

2.3: Call Drops

Call Drops

Call drop is the common term for a wireless
mobile phone call that is terminated
unexpectedly as a result of technical reasons,
including presence in a dead zone (deep fade
zone). One reason for a dropped call is when the
mobile phone moves out of range of a wireless
network. An active call cannot usually be
maintained across a different company's network
(as calls cannot be re-routed over the traditional
phone network while in progress), resulting in
the termination of the call once a signal cannot
be maintained between the phone and the
ongmal network [3].

One other common reason is when a mobile
receiving unit is taken into an area where
wireless communication is unavailable or is
interrupted due to frequent signal level changes,
interfered with, or jammed. From the network's
perspective, this is the same as the mobile
moving out of its network coverage area.

Occasionally calls are dropped upon handoff
between cells within the same provider's
network. This may be due to an imbalance of
traffic between the two networks areas of
coverage. If the new cell site is at capacity, it
cannot accept the additional traffic of the call
trying to "hand in." It may also be due to the
network configuration not being set up properly,
such that one cell site is not "aware" of the cell
to which the phone is trying to handoff. If the
phone cannot find an alternative cell that can
take over the call, the call is lost and will drop.

Co-channel and Adjacent channel interference
can also be responsible for dropped calls in a
wireless network [2]. Neighbor cells with the
same frequencies interfere with each other,
deteriorating the quality of service and
producing dropped calls. Transmission problems
are also a common cause of dropped calls.
Another problem may be 2 faulty transceiver
(XCVR) inside the base station.

Volume 7 Number 7, July 2015

Calls can also be dropped if a mobile phone a
the other end of the call loses battery power and
stops transmitting abruptly. Call drop rate (P)
when a mobile unit is located in handoffs region
for example can be determined by the model
below
P = I - X P
(12)
X=-8 - - -p°
(13)
k = an assumed no of regular handoffs
while the mobile unit
is passing through k+1 cells
8 = the probability that the signal is
below a specified reception
threshold (in a noise-limited
system) sometimes due to fading.
p = the probability that the signal 1s
below a specified co channel
interference level (in an
interference-limited system)
t = the probability that no traffic
channel is available upon handoff
attempt when moving into a new cell.
8 = the probability that the cell will
return to the original cell
p = the probability of blocking circuits
between BSC and MSC
during handoff
Methods adopted by various researchers for
reducing the effect of frequent changes the level
of received radio signal includes
Spatial diversity, Signal Polarization, Time
diversity, Frequency hopping

2.4: Frequency Hopping Modes

Frequency hopping is the technique of
improving the signal to noise ratio n a link by
adding frequency diversity. In other words
frequency hopping means that multiple
frequencies are used for the transmission of
speech or data in a single connection. Each burst
is transmitted on a fixed frequency, but the
frequency is changed between bursts [9]. A burst
can easily be lost when the mobile happens to be
located in a fading dip for that particular
ﬁ-equency‘, or if 1t 1s subjected 1o intcrfcrence,
The next burst, if on a different frequency, has a
good chance to come through. The coding and
interleaving scheme in GSM is constructed so
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that loss of a single burst shall have minimal
influence on the speech quality [10]. A
predefined set of frequencies is uscd in each cell.
The mobile and the base station change
frequency between every burst, i.e. 217 times
per second. The same sequence is used in the
2.5: Cyclic Frequency Hopping Mode

In cyclic hopping mode the same hopping
sequence  will be  used periodically. The
transmitter "hops" between available frequencies
according to a specified algorithm in
synchronization with the receiver, which
remains tuned to the same centre frequency as
the transmitter. A short burst of data is
transmitted on a narrowband. Then, the
transmitter tunes to another frequency and
transmits again. The receiver thus is capable of
hopping its frequency over a given bandwidth
several times a second, transmitting on one
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uplink and in the downlink. There are three basic
modes of frequency hopping. They are:- C yelic

Frequency
Hopping,

Hopping, Random Frequency
and Dynamic frequency hopping

Modes [11].

frequency for a certain period of time, then
hopping to another frequency and transmitting
again. Frequency hopping requires a much wider
bandwidth than is needed to transmit the same
information using only one carrier frequency.

2.6: Random Frequency Hopping Mode

In random hopping mode a pseudo random
sequence will be used in order to achieve
uncorrelated hopping sequences as compared
with the cyclic mode where the same hopping
sequence will be used periodically.

F1 1

Cyclic

--a hODDlﬂE

F3 t |

I —
Timesiot 1 Burst
F1 I ) r L Random
F—Z- I ] .I et hopping
F3 | I

Fig 3: Principle of cyclic and random SFH (on Timeslot 1 on F1, F2 and F3)
(b) Spread-spectrum signals are difticult to

2.7: Frequency Hopping Spread Spectrum
(FHSS)

It is a method of transmitting radio signals by
rapidly switching a carrier among many
frequency channels, using @ pseudorandom
sequence known to both transmitter and
receiver. It is utilized as a multiple access
method in the frequency-hopping code division
multiple access {FH-CDMA) scheme. A spread-
spectrum  transmission offers lhn?c .”r.nm.n
advantages over a fixed-frequency transmission:

~ad-spectrum signals are highly

“ rstps:;‘;il: p‘:(i nan*owinand interference.
The process of rc-CO%lectmg_ a sPread
signal spreads out the interfering signal,
causing it to recede into the background.

(©)

intercept. An FHSS signal simply
appears as an increase in the bac_:k,ground
noise to a narrowband receiver. An
eavesdropper would only_ be gl?le to
intercept  the (ransnussion if the
pseudorandom sequence was @own.
Spread-spectrum  transnussions - can
share a frequency band mt_h many types
of conventional transnussions with
minimal interference. '_l'hc sgfead-
spectrum signals add minimal noise tf’
the narrow-frequency commumcanqn:.
and vice versa, As a res_ull. bandwidth
can be utilized more efficiently.
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2.8: Dynamic Frequency Hopping Mode

In this method, the transmit and receive carrier
frequencies of the network are dynamically
assigned based on current interference and
traffic environments to avoid mterference. This
prevents collisions between frequencies due to
the fact that all the channels of a cell, even when
they use the ‘random’ frequency hopping, do it
in such a way that they never use the same
frequency at the same time. The method gives
both the frequency diversity (protection against
the fading on one frequency, better effect with
cyclic hopping) and the interfere diversity
(protection against user mobiles using the same
Ficzciucncy. better effect with random hopping

Dynammic frequency hopping imposes less
stringem  measurement  requirements  on
terminals (wireless mobile devices) because
many measurement requirements are replaced by
generating estimates based on measurement data
received from other base stations within a base
station neighbourhood. A  base station
neighbourhood of a first base station is a group
of second base stations that may be affected by
first links serviced by the first base station. The
base station neighbourhood may be defined by a
link neighbourhood. A link neighbourhood of a
link includes all other links whose interference
to the link exceeds an interference threshold.
Thus, any of the first links that is included in
link neighbourhoods of second links serviced by
the second base stations may interfere with the
second links. Therefore, the second base stations
are included in the base station neighbourhood
of the first base station.

The dynamic frequency hopping system may
continuously verify that the frequency hopping
patterns assigned to the links of 1h:; system
opumizes an estimated system performance.
Each currently assigned frequency hopping
pattern is compared against all other possible
frequency hopping patterns that may be assigned
to a particular link. A possible frequency
hopping pattern that corresponds o & maximum
possible esimated  system pcrlommncch is
compared against a current estimated system
performance corresponding 10 the current
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frequency hopping pattern, I the current
estimated system performance is less than the
maximum  possible  estimated  system
performance, then the frequency hopping pattem
of the particular link is changed 1o the possible
frequency hopping pattern to improve system
performance [13].

When a request for a link is received by the
dynamic frequency hopping system, a similar
process as above is performed where the request
is granted allocation of system resources and
assigned a frequency hopping pattern if the total
estimated system performance exceeds a
performance threshold. [f the performance
threshold is not exceeded, then the request for a
link may be either delayed or denied. In this
way, the frequency hopping patterns of all the
links of the system may be assigned so that an
optimum system performance may be obtained.

2.9: Frequency Hopping Implementation
Techniques

Frequency hopping in the base stations can be
implemented in either of two ways: Baseband
Hopping (BBH) and Synthesizer frequency
hopping (or Radio Frequency Hopping RFH).
Their operation differs in the way they establish
the Base to Mobile Station link (downlink),
however there is no difference at all between
Mobile Station to Base Station link in both types
of hopping.

In Baseband Frequency Hopping (BBH), each
transmitter (TRX) is transmitting on one fixed
frequency. Hopping is performed by switching
the mobiles from burst to burst to different
carrier units (CU) of the BTR. Within the BTR
the baseband part (FU) is separated from the RF-
part (CU). Thus SFH is realized by switching the
FU to the respective CU via an internal switch.
The amount of hopping frequencies N(hop) 1s
determined by the number of TRXs N(TRX):
N(hop) < N(TRX). Note, that & BTR equipped
with only one TRX cannot perform baseband

hopping.

For Synthesizer Frequency Hopping (SFH) the

transceiver (1'RX) does not get fixed frequency

assignments; they may change their frequency

from time slot to time slot according to a

predefined hopping sequence. In such g system
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the number of applicable hopping frequencies
may be larger than the number of equipped
TRXs: N(hop) 2 N(TRX).

Since no hoppin_g on the BCCH frequency is
allowed, synthesizer frequency hopping must
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not be performed on the BCCH TRX. Figure 4
shows both hopping modes. TRX1 represents
ic BCCH frequency, where the BCCH
information is transmitted on timeslot 0. Note
that mobiles being connected to TRX1 can only
hop in baseband hopping mode.

Baseband hoping
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0
mext ] |
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Synthesizer frequency hopping
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e
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Fig 4: Baseband and Synthesizer Frequency Hopping

A drawback of the synthesizer hopping
configuration is that the BTR cannot be
equipped with remote tuneable combiners
(RTC), since the tuneable filters cannot change
their frequency on a timeslot basis. Therefore a
wideband combiner (WBC) has to be used for
the connection between transmitter and antenna,
resulting in 3.45 dB additional downlink loss.
One WBC combines 2 TRX with an insertion
loss of 5.05 dB (including 1.6 dB duplexer
losses), one RTC usually combines maximum of
4 TRX with an insertion loss of 3.2 dB. In a
baseband hopping system the transmitter 1S
tuned to a fixed frequency, thus RTCs can be
used in such a configuration.

Frequency Hopping Operations

Frequency hopping is the process of transmitting
radio signal by changing from one ft'eq‘ucnc)_; to
another as the sransmission goes from one time
slot to another in the transmission frame.
Cellular networks use frequency hopping fo
mitigate fading and thus 1mprove the
transmission quality [14].

The overall bandwidth required for frequency
hopping is much wider than that required to
transmit the same information using only one
] frequency- However, ht?cause
ca;nerl o pCCurs only on & small port:onlof
gma'nsg;l:z:,:dlh at any given time, the effective
ic

interference bandwidth is really the same. Whilst
providing no exira protection against wideband
thermal noise, the frequency-hopping approach
does reduce the degradation caused by
narrowband interferers.

One of the challenges of frequency-hopping
systems is to synchronize the transmitter and
receiver. One approach is to have a guarantee
that the transmitter will use all the channels in a
fixed period of time. The receiver can then find
the transmitter by picking a random channel and
listening for valid data on that channel. The
transmitter's data is identified by a special
sequence of data that is unlikely to occur over
the segment of data for this channel and the
segment can have a checksum for integrity and
further identification. The transmitter and
receiver can use fixed tables of channel
sequences so that once synchronized they can
maintain communication by following the table.
On each channel segment, the transmitter can
send its current location in the table. A lot of
other approaches such as the one used for the
realization of this work has also been developed.

Slow and Fast Frequency Hopping

Frequency hopping consists in changing the
frequency used by a channel at regular intervals.
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One distinguishes fast frequency hopping (FFH),
where the frequency changes quicker than the
modulation rate, from slow frequency hopping
(SFH), which is the most commonly used in
cellular systems. GSM for example uses a
TDMA system with 8 timeslots. In slow
frequency hopping each mobile transmits or
receives on a fixed frequency during one
timeslot and hops to another frequency before
the next timeslot will be transmitted or received,
resulting in 217 hops per second for the mobile
station [2]. This technique can be applied on all
traffic and signalling channels, except the BCCH
channel, which must transmit on a fixed
frequency, to make comrect RXLEV
measurements for the neighbor cell mobiles
possible. Moreover, the BCCH channel has to
transmit full power on all timeslots. Thus SFH,
PC and DTX are not allowed on the BCCH
carrier.

Frequency Hopping Parameters

GSM defines the following set of parameters
[14]): Mobile Allocation (MA): Set of
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frequencies the mobile is allowed to hop over.
Maximum of 63 frequencies can be defined in
the MA list.

Hopping Sequence Number (HSN): Determines
the hopping order used in the cell. It is possible
to assign 64 different HSNs. Setting HSN =
provides cyclic hopping sequence and HSN = |
to 63 provide various pseudorandom hopping
sequences.

Mobile Allocation Index Offset (MAIO):
Determines inside the hopping sequence, which
frequency the mobile starts to transmit on. The
value of MAIO ranges between 0 to (N-1) where
N is the number of frequencies defined in the
MA list. MAIO is set on per carrier basis.

Frequency Hopping Indicator (FHI): Defines a
hopping system, made up by an associated set of
frequencies (MA) to hop over and sequence of
hopping (HSN). The value of FHI varies
between 0 to 3. It is possible to define all 4
FHIs in a single cell.
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Fig 5: Effect of Frequency and Interferer Diversity

3.0 METHODOLOGY

Intelligent frequency hopping is the mc_l.hoq used
in the realization of this research jwhlch is the
reduction of intermittent call reception problems
being encountered in GSM networks. Frequeﬂ?g?;
hopping has been found to be goadbm:n
adopted and proved through research to be

effective way of mitigating the effect of fading
in cellular environments. Previous effort at
reducing fading using this method employed
various models of frequency hopping as already
explained. The problem with those models being
that many of the frequencies used in the hopping
operations never played any role in improving
signal reception so that those frequencies which
ought to be used for other purposes were wasted

and transmission bandwidth increased in the
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process with its attendant problems. The
realization of this work was therefore based on
an intelligent application of frequency hopping
to reduce the effect of fading employed a
different approach.

In this technique, any mobile equipment which
finds itself at the location of unstable or blank
network reception spot in a cell coverage area
(which causes intermittent call receptions) will
first monitor the environment of the location,
evaluate the data collected and decide the right
frequency to be transmitted to enable the point
receive a good network signal. The frequency
obtained from the result of the evaluation (of the
environment) will be communicated to the
intelligent frequency hopping transmitter which
will then cause the next transmission process to
be transmitted at that frequency. This way the
unstable and blank network will no longer be a
problem to the spot and that frequency will
likely clear other bad spots in the cell site since
they are in the same environment.

Simulation works on a multipath model were
employed to obtain the right frequency at any
problem spot that when used in the next
transmission will improve the signal level at that
spot for good network operations.

Characterization of a Fading Channel

Since previous research has proved that
frequency hopping can improve signal reception
at a fading spot, it was therefore very important
to characterize the fading environment and
obtain a research model for this work. The study
environment for this work is multipath reception
when the mobile unit is steady and some of the

signal scatterers aré moving.
Analysis of the Properties of a Carrier Signal

how multiple paths
To properly understan@ !

sig;nzl:l affects received signals, the properties of
the carrier signal i:ansmi_lted from the gase
transceiver were first examined and analyzed. A
transmitied signal can be expressed as follows

[6]:
] 14
So(t)= oexp [i(wot + o )] ( )
er within the transmitted carrier
e B the real part of So(t), this is

fncquer;g £ Re [S D] However, this work is
expres

33
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only interested in the received baseband signal,
which is derived from the amplitude and phase
of the received RF signal.

As carlier stated, there are three conditions apart
from factors, which could affect received signal
al any spot in GSM environment. In this work,
signal reception when the mobile unit is
stationary and some of the scatterers are moving
was considered and adopted as the research
focus. In this case, time delay 1, and the
attenuation constants, a; of every multipath
signal will be uniquely different at any instant of
time along the multipath, for example the i"
path.

Under the above condition the received signal
s(t) will be

s(t) = x(t) exp (ipo) exp (12not) (15)
' Given that
k
x(0) = Y gy expl-j2nfyr®]  (16)
i=1

s(t) = received signal

a, = attenuation constant of the received i
multipath signal

f, = operational frequency

1; = time delay by the ith multipath received
signal

y(t) = received signal envelope which contained
transmitted message

k = No. of arriving multipath signals

N=YK_, a; (t) cos[2rfomi (£)] (17

And

s=21y a; (t) sin[2m fom; (3) (18)
Then

(1) = 8y [R — jS] =Aexp[-v(t)] (19)

The amplitude and phase of y(t) are expressed as
time-dependent variables meaning that the

received signal is time dependent.
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A(t) = agy/N% — 52 (20)

S
Y(t) = tan™! N (21)
The envelope of the received signal (eqnl6) will
be the research model for this work since it
contains the variables that causes signal
unsteadiness in the received signal.

Observations in the research model

A critical look at the research model shows that
the received signal when the receiving
equipment 1s stationary and some of the
scafterers are moving, is time dependent since
the two variables (frequency and time delay) in
the model are time dependent. And since we
cannot do anything with the time delay variable
because it depends entirely on the environment
which of course we cannot control, the only
variable in the model that can be manipulated to
achieve a better reception is therefore the
frequency component.

4.0 MATLAB Simulations

From the research model, received signal y(t)
depends on two variables:- time delay(t;) caused
by the environment and the frequency of the
propagated signal (f,). These are the parameters
that can be manipulated to improve the received
signal level at any location. But it is not possible
to control the number of multipath signals or
even their time delay, as they depend on the
environment; one is therefore left with only the
transmitting frequency for the improvement of
received signal at any point.

Referring to equation (16),

s() is the received signal

() is the received signal envelope

a, is the free space attenuation constant

a; is the attenuation constant of the ith multipath
signal (in flat fading which we are considering
the attenuation constant is equal for all arriving

multipath signal)

Volume 7 Number 7, July 2015

f, is the frequency of the transmitted signal,

1; the time delay for the received ith multipath
signal (t defines the number of multipath signals
that armive a location).

In working with model, the following
assumptions were made

x(t) = P(r) = -93dBm ; received signal (P(r)) at a
bad spot. This signal level cannot sustain
network transmission or reception in a cellular

network (MTN)
a, = l0log P(t)/Pr ; free space attenuation
constant (P(f) is propagated signal power)

a; = 100pw; attenuation constant of the arriving
multipath signal. (From research,
attenuation constant for all the multipath signal
is equal in flat fading ()).

{,=960MHz;
network of study

5.0 PROCEDURE

Using the research model equation (16), and the
designed operational flowchart as given in figure
6 we define and determine the parameters of the
project model which is used to develop a
simulation model for the implementation of the
signal improvement process in this research

operating frequency of the

With the simulation flow chart, the process is
explained as follows.

First Simulation

Since all other parameters are known, only 1 -
the number of the arriving multipath signals that
sum up to the received signal strength of -
93dBm is yet to be determined. The first
simulation result shows that the number of
multipath signals (v) that made up the -93dB
received signal is 81in number as given in as
given in table 1 (multipath signal versus
received signal level).




internationa %
I Journal of Electrical and Telecommunication System Reseorch Volume 7 Number 7, July 2015
. duty

r N
— Table 1: Number of arriving multipath signal (1) and Received Signal (x(t)
\umber Received N F ‘
of arrivimg | SiEnal 30 NU.T!"l.ht.l' of R_e?:. ived Number | Received | Number Received
: armving Signal x(1) | of Signal o :
multipath ™ o % | of arriving | Signal (1)
. (dBm) multipath B ATV (1) -
signal (1) siamia] (dBm) mving multipath | (4Bm)
gmal (1) multipath | (dBm) | signal (1)
signal (1)
1 -1.16 23
. 23 -26.65 45 -52.14 67 -77.62
£ -2.32 24 -27.81 46 5329 |68 -78.78
3 -3.48 25 28.96 47 5445 | 69 -79.94
g +4.63 26 -30.12 48 5561 |70 -81.10
3 -5.79 27 -31.28 49 -56.77 71 -82.26
6 -6.95 28 -32.44 50 -5793 |72 -83.42
7 -8.11 29 -33.60 51 -59.09 73 -84.58
8 -9.27 30 -34.76 52 -60.25 | 74 -85.73
9 -10.43 31 -35.92 33 -61.40 75 -86.89
10 -11.59 32 -37.07 54 -62.56 | 76 -88.05
11 -12.74 33 -38.23 55 -63.72 71 -89.21
12 -13.90 34 -39.39 56 -64.88 | 78 -90.37
13 -15.06 35 -40.55 57 -66.04 |79 -91.53
14 -16.22 36 41.71 58 -67.20 | 80 -92.69
15 -17.38 37 4287 59 -68.36 | 81 9384
16 -18.54 38 -44.03 60 -69.51 82 -95.00
17 -19.70 39 45.18 61 -70.67 | 83 -96.16
18 -20.85 40 -46.34 62 -71.83 84 -97.32
19 2201 41 -47.50 63 -72.99 85 -98.48
20 -23.17 42 -48.66 64 -74.15 86 -99.64
21 -24.33 43 -49.82 65 7531 |87 -100.80
22 -25.49 44 -50.98 66 -76.47 | 88 -101.95
of -93dBm to be 81, then using the simulation
Second Simulations model the transmitting frequency was varied
w having determined the number of multipath 35MHz to 965MHz and the result
Now having from 9

signals that resulted in the received signal level obtained is given in table 2.
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[ Table 2: Operating Carrier Frequencies vs Received Signal Strength for each Frequency __1
Frequency | Received Signal | Frequency (F) | Received Signal x(t) | Frequency (F) Isllegc:;;‘(jt)
(F) X (MH2) (dBm) (MHz)
(MH?) (dBm) e
I» 915 -1.16 946 -25.49 957 -50.98
930 348 047 27.81 958 -53.29
937 —4.03 948 -30.12 959 -55.61
938 695 949 32.44 960 5793
:'1131?‘ Ji 9.27 950 -34.76 961 -60.25
930 [-11.59 (951 37.07 962 -62.56
931 1390 952 -39.39 963 -64.88
(53; -16.22 053 41.71 964 720
043 -18.54 954 44.03 965 -69.51
53 220.85 955 46.34 966 -71.83
945 23.17 956 -48.66 967 -74.15
5.i: Evaluation of the Effect of Multipath on the received signal strength (y(t)) at that point
Siguals on Received Signal Strength using mat lab simulations are shown in table 5.2
and plotted below

The effect of verving the number of multipath
signals (1) armiving a particular point,

£
m H
= :
: i e z SR
N Sy s Mok il SEREEEL i
B IRt P e berte i T e e et
U a e e 70 e0 w0
i T
Liguie 62 Number of arriving multipath signal Vs Received signal
“rom ihe piol b is clear (hat as the ariving fluctuations increases with the increase in the
multipath o0l increaces the rectivew signal number of arriving multipath signal which result

sireneily at soint « . eases, Hence signal to increase n call interruptions,
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5.2: Evaluation of the Effect of Varying the

Currler  Frequeney om Revclved, € (;_[(t)) at a particular point using mat lab
Strength v Signal ;lglulatmns are shown in table 2 and plotted
ow

The effect of varying the operational frequency
(fo) of the project model on the received signal

x(t) (dBm)

Figure 7: Effect of Varying Carrier Frequencies Vs Received Signal Strength for each Frequency
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