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Abstract

Cdlular Digital fixed Relay networks are new wireless system architecture based on
integrating Digital Relay technique in the cdlular networks to provide high data rate
coverage. Therefore, interest has focused on solving the interference and multipath
fading problems which introduce in system because of increasing the resources of
signal in cdl (Base station, Relays). This paper proposes Dynamic frequency hopping
(DFH) as an interference avoidance technique for cdlular Digital fixed Reay
networks. The simulation of system contains applying Digital Relay and DFH
techniques and focuses on the handoff process between Base station and Digital
Relay. The simulation results compare the performance of system for two cases; with
Reay-without DFH, and with Relay-with DFH. The results indicate that DFH can
significantly improve the performance of system. The results show when the cluster
Size of system consists of seven cdls the enhancement ratio is 83% in the blocking
probability with high number of calls per hour and increase 15.38% in the number of
users. When the cluster size of system consists of thirteen cells, the enhancement ratio
is 85% in the blocking probability with high number of calls per hour and increase
15.38 % in the number of users.
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1- Introduction

ecently there has increase in

the concept of augmenting the

infrastructure-based networks
with multihop communications
capability in order to provide high
data rate coveragein large areasin a

cost efficient manner. Multihop

Communications can be facilitated
through low-complexity fixed relays
(wirdess router) deployed by the
service providers [1]. With the
introduction of redays, the distance
that the signal has to trave from/to a
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user decreases and therefore capacity
and coverage of the cdl increases
[2,3]. Relays are very simple devices
compared to base stations, which
make system considerably cheaper
than base stations. Another striking
feature of rdays is ther low
transmission power. Therefore, power
amplifiers used are much cheaper than
those of Base stations. This fact also
decreases the cost of the system [4].

However, using Digital Reay in
cdlular networks leads to increase the
interference since the Digital Relay is
considered as new source of
interference. The amount of this
interference depends on the number of
Digital Relays employed in one cdll. A
number of techniques are used to
solve the interference in cdlular
systems. Some of these are channd
coding and interleaving, adaptive
modulation, transmitter/receiver
antenna diversity, spectrum spreading
and dynamic channd allocation [5].

In this paper DFH technique is
proposed to solve this problem. The
main idea of DFH incorporates a non-
traditional Dynamic Channel
Allocation (DCA) scheme with Slow
frequency hopping (FH). Integrating
relaying concept with DFH increases
data rate coverage. This enhancement
consists of increasing the S/1 ratio to
acceptable levels. Since the Ps is
defined as the probability that the
signal to interference ratio (S/1) is less

than a specified threshold i.e., Pz =

P[S/I<<n] this results in decreasing the
Blocking  probability (Ps) to
acceptable level [5]. Therefore in this
paper the performance of the system is
analyzed depending on the P; which is
determined by using Erlang B formula
asfollows [6].
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Where u and c are the number of
users and channds, respectively. £ and
h are the number of calls per hour and
average calling time, respectively.
In this paper the proposed system
architecture of cdlular Digital fixed
Relay network is shown in Figures (1),
(2). Where three Digital Relays are put
in the areas that are not covered by
Base station, these areas are known as
coverage holes (dead spots), with
distance between of the Relay location
and the edge of cdl egual to fifth of
cdl radius.
2. Radio Propagation Mode
Wirdless waveforms propagating
through free space are subject to a
distance-dependent loss of power,
called path loss. The received power at
distance (d) (d > do m) from a
transmitter is described by the Friis
free-gpace equation [7].

() Poc Ge-Gr B _ Pry GG, 72 (@)*
et (@m)idil - (4m2dil \d
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= rsz:d(d'l}jl'(gu) (2)

where Py is the transmission power, G;
and G; are the antenna gains of
transmitter and receiver, d, is the so-
called far-fiedd distance, which is a
reference distance depending on the
antenna technology, d > dy is the
distance between transmitter and
receiver, Aisthewavdengthand L > 1
summarizes losses through
transmit/receive circuitry. Note that
this equation is only valid for d > do. A
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generalized modd which is valid also
for other environment is[7]:

Where y is the path-loss exponent,
which typically varies between 2
(free-space path loss) and 5.5
(shadowed areas and abstructed in-
building scenarios). However, values y
< 2 ae possble in case of
constructive interference.  The path
loss is defined as the ratio of the
radiated power to the received power
and can be expressed in decibel as[7]:

PL(d)[dBM] = PL(d)[dBm] + 10y

|0gho (di) (4

This is the so-caled log-distance
path loss modd. PL(dy)[dBm] is
known as path loss at the reference
distance d. The variation in the
received signal power, when measured
in a log scale (in dBm), has a Normal
distribution. The depth of this fade
variation is measured by the standard
deviation and represented by . Thus,
in order to account for the effect of
shadow fading, equation (2) can be
further written as[8,9]:

Py .G. )2 ,
(4m)2.d2L 7

Where G= G; . G, is combined antenna
gain of the transmitter and the
receiver, Xo is  Log-normally
distributed random variable with
(0dBm) mean, o (dBm) standard
deviation.

Proya(d) = ()
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3. Dynamic frequency hopping
Dynamic frequency hopping is a
combination of dynamic channd
assignment (DCA) and the traditional
frequency hopping, where a channd is
one frequency in a frequency hop
pattern, [4,10]. An ideal DFH method
works in the following way .At each
hopping instant, instead of hopping
randomly or according to some
predetermined repetitive pattern, the
BS or mobiles measure the quality of
each frequency, filters the
measurement, and thereafter sends the
data using the best frequencies chosen
according to some criterion [5]. The
main objective from DFH is to
provide  capacity improvements
through the addition of interference
avoidance, which are higher than
those provided by conventional FH,
while preserving interference
averaging characteristics of
conventional FH in order to provide
robustness to changes in interference
[4].
3.1 Methods of dynamic frequency
hopping
There are four methods as follow.
1) Full-replacement method
All frequencies used in one frame
are replaced with better frequencies
in the next frame. This guarantees
that during an entire transmission,
frequencies with the best quality
are used. FH pattern modifications
are done in a centralized fashion at
each base station for all of the base
station’s mobiles. This method
gives the best possible performance
of al dynamic frequency-hopping
methods. Rapid measurements of
interference, SIR, or other quality-
variables are required for all
available system frequencies. This
method creates heavy messaging
overhead over the air for
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exchanging the data about new
frequency-hop patterns [5].
Worst dwell method
To achieve a satisfactory system
performance, it is enough to
periodically change only one of the
used frequencies the one with the
worst quality (highest interference,
lowest SIR, €c.) in the frequency
hop pattern [5].
SIR threshold-based method
In this method, the pattern change
is done sparingly. In each frame,
SIR is measured on the used frame
frequencies and the current
hopping pattern is changed if the
measured SIR does not achieve the
required threshold on at least one
of them. Only the frequencies in
poor conditions are changed. Any
frequency that meets the threshold
can be used as a replacement, and
there is thus no need to scan all
possible frequencies [5].
4) Thereceived power threshold

M ethod
In this method the calculated received
power for frequencies in frame is
compare with a threshold value, and
blocking any frequency, which
generates the weak received power,
then replace this frequency by new
frequency from the next frame [11].
4. Proposed Simulation Model

In this paper, the proposed
simulation modd for cdlular fixed
Digital Relay networks using DFH is
arranged in steps below as shown in
flowchart of figure 3
4.1 Arrangement the patter n of

random frequency

The program generates the random
frequencies, the center frequency is
(900 MHz) at channd spacing (50
MHz). The frequencies arrangements
as frames, each frame consist of six
dots (six random frequencies).

2)

3)
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4.2 Random user generation
In this section allocation random
frame is defined for subscriber in cdl,

for communication with another

subscriber.

4.3Deter mining of subscriber
location

Determining of subscriber location
will be done to find out the location of
subscriber that is if the user is in the
coverage area of BS or in the one of
coverage areas of Reay in cdl.
Accordingly a channd would be
alocated to communicate with BS or
Reay.

4.4 The communication with BS or
Relay:When the subscriber is found in
the coverage area of BS, the
communication is between subscriber
and BS. On the other hand, when the
subscriber is found in the coverage
area of Relay, the communication is
between subscriber and Reay. This
communication contains some steps as
follows:

4.4.1 Determining of communication

channel

Allocate any  communication
channd which is not in use in cdl for
executing the communication between
subscriber and BS or Reay. In the
present work this paper does not
depend on mechanism of allocating
channds to each Rday as we have
seen  in other  studies [12-15].
However, here all channels are under
control of the BS, which determines
the suitable communication channd
for communication between BS and
User or Rday and User.
4.4.2Calculating the received signal
power for frequencies in the frame

Depending on equation (5), the
program calculates received powers
for six frequencies of one frame. The
values of received powers are stored in

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

. & Tech. Journal,Vol.29, No.13, 201

Simulation of I nterference Avoidancein

Cedllular Digital Relay Networks using
Dynamic Frequency Hopping

matrix (M1). This continues until the
end of communication process.
4.4.3 Applying the DFH technique

After transmitting the matrix (M1)
for communication we apply the DFH
technique to guarantee the best values
of received power for any transmit
frame. This technique consists of the
following steps: -

1- Recall the calculated received

power for six freguencies in
one frame and compare it with
the threshold value of -76
dBm. Block any freguency,
which generates power which
isless than (-76 dBm)[11].
Replace this frequency by new
frequency from any unused
frame.
Calculate the received power
for the new frequency and
compare it with the threshold
value (-76) again.

The calculated value of receved
power is recalled and compared with
threshold value. If the calculated value
of Pr is greater or equal to the
threshold value (-76 dBm) (for
example -70,-60) then this value is
stored in new matrix (M2) for handoff
process and at the same time this value
is sent to continue the communication
process. When Pr is less than the
threshold (-76 dBm) (for example -
80,-100) which is caused by multipath
fading and interference problems, the
system blocks this frequency and
replaces it with new frequency from
unused frame and recalculates the Pr
and compares with the threshold value
(-76) again. The DFH process is
repeated until the communication
process ends.

4.5 The handover between BS and
Relay

At the end of comparing all

frequencies of frame and store them in

2727

matrix (M2) the systems recalls these
frequencies again to compare them
with new threshold value (-71) which
is used to determine keeping the
communication with BS or transition
to the closer Relay of subscriber or
inversion. If the value of Pr is greater
than threshold value (-71) then it is
stored in matrix (M3) but if the value
of Pr is less than threshold value (-71)
then it is stored in matrix (M4). After
ending the comparison process of the
Pr values stored in matrix (M2), the
system compares the number of values
in matrix M3 with on M4. Now there
are two cases to handover, the first is
when the subscriber moving from BS
to Reay, secondy when the
subscriber moving from Relay to BS.

In thefirst case (BS to Ray)(M3; <
M,) if the number of values stored in
matrix (M4) is larger than the number
of values stored in matrix (M3), then
the communication is transformed
from BS-subscriber to  Reday-
subscriber with allocating suitable
communication channd. However,
(M3 > My) when the number of values
in matrix (M4) is less than the number
of values in matrix (M3), then the
communication is continued between
BS and subscriber.

In second case (Relay to BS)(M3 >
M) if the number of values in matrix
(M3) is larger than the number of
values in matrix (M4), then the
communication is transformed from
Relay-subscriber  to  BS-subscriber
with alocating suitable
communication channd. However,
(M3 < My  when the number of
values in matrix (M3) is less than the
number of values in matrix (M4), then
the communication continued between
Relay and subscriber. This process
continued until ending the
communication process.
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5. Simulation Results

This paper presents the simulation
results for all suggestions in previous
sections. The objectives of this
simulation are to improve the
performance of cdlular fixed Reay
networks by using DFH technique.
These are presented in accordance
with the comparison between two
proposed cases as follows:-

1-With Relay -Without DFH.

2-With Relay -With DFH.

5.1 Blocking Probability
This section aims to study the
changes in Pg through two main
parts:-
1-Blocking probability with
load traffic.

2-Blocking probability with
user.

For the first part there are two
factors influence the load traffic
(number of calls per hour (¢) and
average calling time (h) to observe
how the Pg is changing. In the second
part depends on the number of users
only and shows the effect of
increasing the number of user on Ps.
5.1.1 Blocking Probability with

Load Traffic

This section includes Figures (4)
and (5) for K=7, 13 respectivey, when
the number of calls is equal to 15 per
hour and average calling time equals 2
minute. In Figure (4) Ps in first case
(with Relay -without DFH) equal to
0.0024 in load traffic equal to 50, and
then increase to 0.0606 in load traffic
equal to 65. The best values of Py
found in second case (with Reay -
with DFH) is equal to 1.243x10° in
load traffic equal to 50, and 0.0188 in
load  traffic  equal to 65
Approximately the same behavior
when K= 13 in Figure (5) but with

2728

good enhancement ratio for Ps . In
first case (with Relay -without DFH)
Ps equals 0.0018 in load traffic equal
to 50 and 0.0538 in load traffic equal
to 65. In the second case (with Relay -
with DFH) Pg equals 8x10° in load
traffic equal to 50, and 0.0156 in load
traffic equal to 65.

Figures (6) and (7) for K=7, 13
respectively, when the number of calls
is equal to 25 per hour and average
calling time equals 2 minute. In Figure

(6) the Pg equal to 4.511x10* for
first case (with Relay -without DFH)
and 1.154x10° in second case (with
Rday-with DFH) when load traffic
equals 45.83(number of users are 55).
When load traffic increase to 62.5
(number of user are 75) Ps equals
0.0482 in first case (with Rday-
without DFH) and 0.012 for second
case (with Reay-with DFH). Figure
(7) gives the same behavior when the
K= 13. When the load traffic equals
45.83 P; equals 2.99x10™ in first case
(with Reday- without DFH) and
6.872x10° for second case (with
Reay-with DFH).When load traffic
increase to 62.5 P equals 0.0418 in
first case and 0.0097 for second case.
Then it is increase the number of calls
to 35 per hour with 1 minute for
average calling time in Figures (8) and
(9). In Figure (8) When load traffic
equal to 46.667(number of users are
80) Ps for first case equal to 6.416
x10%, 1.89x10° in the second case.
The same case in Figure (9) when the
K= 13, the Ps in the load traffic
46.6667 is equal to 4.337x10™ in first
case (with Reay-without DFH) and
1.149x10° for second case (with
Reay -with DFH). When increase the
load traffic to 64.1667 (number of
users are 110) in both figures the
values of Pg in the second case (with
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Reay-with DFH) remains less than
criteria value 0.02.

From these results, the
enhancement range is observed in Py
when it uses DFH techniques in this
network. Especially in the second case
(With Rday- with DFH) where the
values of Pg still good and less than
criteria value (0.02) comparing with
first case, in spite of the load traffic
increased. That means it can be
increase the number of users in any
cdlular network when applying DFH
technique. This enhancement in Py
leads to high rdiability in
communication operation through call
period, in addition it transmits high
data rates.

5.1.2 Blocking Probability with User

Figure  (10) presents good
enhancement when we apply DFH.
We can see in the first case (With
Reday- Without DFH) when the
number of users is equal to 65, Py
equals 0.0096 and increases to 0.0245
when the number of users increases to
70. In the second case (With Rday-
With DFH) when the number of user
equals 75, Ps eguals 0.012, and
increases to 0.0272 when number of
users increases to 80, which means
any cdlular network can be increase
the number of users by applying DFH
technique. In Figure (11), it can be
seen the same behavior approximately.
6. Conclusions

Our results show that the DFH
technique can be improve the system
performance. Therefore, based on our
simulation results, the following
conclusions are drawn:-
1-The results show a good

enhancement in the Pz when

applying DFH technique to solve
the interference problem as
follows:-

A- When £ =15, h=2 and K=7 the
enhancement ratio between first
case (with Reay-without DFH)
and second case (with Rday-with
DFH) is egual to 68.9%
approximately .when K=13 this
ratio increases to 71%.

B- When € =25, h=2 and K=7 the
enhancement ratio between first
case (without Relay-without DFH)
and second case (without Reay-
with DFH) is egual to 75%
approximately .when K=13 this
ratio increases to 76.77%.

C- When ¢ =35, h=1 and K=7 the
enhancement ratio between first
case (without Relay-without DFH)
and second case (without Reay-
with DFH) is egual to 71%
approximately .when K=13 this
ratio increases to 73%.

2-The results of Ps with respect to

number of user indicate two

important points, they are-
-The enhancement ratio in
number of user between the first
and second cases is 15.38% for
K=7 and K=13, which means any
cdlular fixed relay networks can
increase the number of user by
applying DFH technique.
-The enhancement ratio in Ps
between the first and second
cases is 30% for K= 7 and 35.6%
for K=13, that means increase in
the system capacity when
applying DFH technique.
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A : Mobile station.
© :: :Reays
" _. ¢ Interference received from Relay.
— ! Interference received from Bs.

Figure (1) Theinterference sources (BS ,Relays) when
the cluster size isequal to7
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A : Mobile station.
O {: :Reays
————— . Interference received from Relay.
—— : Interference received from Bs.

Figure (2) Theinterference sources (BS, Relays) when the
cluster sizeisequal to 13,
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Figure (3) Smulation flowchart for operating Relay
and DFH techniquesin cellular system
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