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ABSTRACT

Soft handoff decisions are only made whenever necessary so as to enhance the quality of service (QoS) of the
Wideband Code Division Multiple Access (WCDMA) cellular network. Continuous soft handoffs hinder
communication quality, increase network signaling overhead, slow down data transfer, and result in poor
channel management. This paper empirically characterizes and models a typical WCDMA network with base
station identifications of (AN0479K), (AN0052H), and (ANO0530K), all located within Onitsha City, Anambra
state, based on the parameters for handoff decision, which include Received Signal Strength (RSS) from
current Base Station (BS) and neighboring BS, the distance of the mobile system (MS) to the target BS, and
the heading direction. It was observed that the RSS at the MS increases in strength as it approaches any one of
the three BSs and decreases in strength as it moves away from any one of the BSs. This assures that there is no
unnecessary handoffs in the WCDMA network and also that the Ping-Pong effect is suppressed when the
developed model is assessed intelligently.

Keywords: WCDMA; Soft handoff; QoS; RSS; Ping-Pong.
INTRODUCTION

The ongoing advancement of mobile communication technology has greatly accelerated the growth rate of the
telecommunications sector by making it simpler for users to communicate with one another at anytime,
anywhere, and particularly when the mobile system (MS) is moving without being restricted by fixed-line
connection points. In wireless networks, mobility is the capacity to switch the wireless link's connecting point
with minimal signal strength loss without interfering with the mobile user. The movement of communication
terminals and continuous connectivity inside the cell coverage area through the handoff concept are also
referred to as mobility in this network.

Call continuance during an ongoing call is one of the most important quality metrics in the cellular network.
The Handoff method, which entails transferring an active call from one cell to another, enables a cellular
system to provide such a service [1]. Supporting handoff allows for the continuation and maintenance of
service by transferring an active call from the current cell to the next nearby cell when the mobile device
travels through the coverage area. [2].

A handoff, also called a handover, is a method of changing the channel (frequency, time slot, spreading code,
or a combination of these) in the existing network connection while a call is in progress [3], [4]. Handoff is the
process of transferring an active call or data connection from one base station to another. When a mobile
device goes into a different cell while the conversation is still ongoing, the Mobile Switching Center (MSC)
switches the call to a new channel that belongs to the new Base Station [5]. A wireless sensor network
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consisting of several detection stations called sensor nodes is positioned over a geographical sensing region in
order to monitor and detect specific target parameters, gather data, and then wirelessly send the data to sink or
base station (BS) [6]. Furthermore, the modulation scheme and code rate are chosen in a way that maximizes
system throughput for a given channel quality while still permitting the achievement of a given acceptable
block error performance due to the trade-off between system throughput and block error rate (BLER) in terms
of throughput [7].

Handoffs are classified into two categories:
e Hard handoff.
e Soft handoff.

Hard handoff: The hard handoff mechanism is used to transition to a new communication channel that is
connected to a neighboring cell once the current channel has been lost. Because of this, there is always a
service interruption following a hard handoff, which reduces the network's quality of service. Hard handoff is
used by time division multiple access (TDMA) and frequency division multiple access (FDMA)-based
systems, such as GSM and GPRS [8]. A hard handoff happens when the existing or previous connection is
disconnected prior to the establishment of a new one. The effectiveness of a hard handoff is evaluated using
several initiation criteria [9], [10], and [11]. In essence, a hard handoff is a break before make, when the source
connection is cut off either prior to or concurrently with the destination connection being established. A hard
handoff is hence frequently referred to as a "break before make." In this case, the MS is only connected to one
BS at a time.

Hard handoff can further be divided into two different types:
e Intra-cell hard handoff

e Inter-cell hard handoff.

A -\\ -

1. Before Handoff 11. After Handoff

Figure 1: Hard handoff between the MS and BSs [3].

Soft handoff: A "Make before break" handoff is a soft handoff [3]. In other words, once the mobile station
(MS) switches from one base station (BS) to another, it is up on a call with the new BS before cutting the
channel connection while the old BS is still on the call. As MSs move between cells (on cell boundaries), the
handoff technique enhances call reception and lowers call drop. Since the MS initiates channel connections
and communications with multiple BS simultaneously during soft handoff, the transition from the weaker BS
to the stronger BS will be seamless because the MS is already in communication with the stronger BS.

The soft handoff is divided into two main types:

e Multi-way soft handoff
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e Softer handoff.

MS

BST1 ﬁ BST2

Figure 2: Soft handoff between the MS and BSs [2].

R

LITERATURE REVIEW

Many researchers have created and presented research works in recent years on how to improve the
performance of soft handoffs in Wideband Code Division Multiple Access (WCDMA) cellular networks in
order to improve quality of service (QoS).

In order to carry out an effective handoff (HO) self-optimization procedure for the handover control
parameters (HCPs) through or over heterogeneous networks (Het-Nets), the authors in [12] suggested a fuzzy
logic controller (FLC) in conjunction with a weighted function (WF). The velocity-aware-fuzzy logic
controller-weighted function (VAW-FLC-WF) method was the name of the suggested technique, which was
employed in conjunction with a trigger timer to lower the handover ping-pong (HOPP) ratio.

According to the authors [13, 14, 15], LTE is a standard for 4G wireless broadband technology that provides
mobile device users with faster and larger networks. Additionally, they claimed that LTE technology makes
second-generation and third-generation cellular networks compatible by supporting roaming and handover.
They explained that Evolved Node B (ENodeB), Mobility Management Entity (MME), and Serving Gateway
(S-GW) are common network components for the Vertical Handoff (VHO) on the LTE Network.

To assess and study the issue of soft handoffs in cellular radio systems, the authors of [16] created and
presented a mathematical model for WCDMA networks. They created and examined a number of performance
measures, such as the blocking probability of new calls, the blocking probability of dropped calls, and the
blocking probability of handoff calls.

By merging machine learning methodologies and multiple attribute decision making (MADM) mechanisms in
handoff choice for picking the best available network for handoff, the authors in [17] suggested and created a
robust intelligent framework for soft handoff.

The concept of an overlap region between adjacent cells was presented in [18], and the author also created an
analytical model for hard handoff in a WCDMA system. The blocking probability were shown to decrease
when the number of channels in a cell or service rate increased. The author also covered the balking and
reneging behaviors of calls.

The author of [19] created a mechanism using umbrella cells to lessen the amount of handoffs in the WCDMA
system. Small cells (micro cells) are used to serve low-speed users, while large cells (macro cells) are used to
serve high-speed users. Two models were simulated, one using umbrella cells and the other not. The study's
findings demonstrated that the umbrella cell technique improved the handoff process by significantly reducing
the frequency of handoffs and the likelihood of blocked handoffs when compared to the model without the
umbrella cell technique.
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METHODOLOGY

The purpose of this research work is to characterize and model a typical WCDMA network using empirical
data such as received signal strength (RSS) from the present base station and nearby base stations, the distance
between the mobile system and the target base station, and the heading direction.

Drive Test

Drive Test Drive test measurements were performed in a UMTS network of a Nigerian telecom provider
(Airtel) with base stations situated at Ukaegbu, Osumoghu, and Umuaga, with base station Ids (AN0479K),
(ANO052H), and (ANO0530K), respectively. These base stations were all evenly distributed between Ezeiweka
and Oraifite avenue in Awada, Onitsha City, of Anambra state.

Figures 3, 4, and 5 show, accordingly, the Google Earth map and the driving test routes with the Common
Pilot Channel (CPICH) footprint at these various places.

2
b
>

Figure 4: The Google earth of the CPICH footprint along the drive test route This area covers approximately
514,086 m? with a distance of 3,530 m.
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Figure 5: The drive test route with the footprints for the signal coverage

The following measurements were performed and documented from each of the three BSs' specified routes.
They include, the MS's GPS coordinates, the power received from BSs in the active set and the monitoring set,
the energy per chip to interference ratio (Ec/Io) in dB, and the Received Signal Code Power (RSCP) in dBm.

Measuring Instrument/Equipment
The various equipment used for the collection of data in this research work include the following:
i.  Personal Computer (Lenovo E-420) — 1no.
ii.  Installed Computer Software (Ericsson TEMS investigation 15.2.2) — 1no.
iii.  Mobile phones (Sony Ericsson W-995) — 2nos.

iv.  Global Positioning System (GPS: G-STAR IV) — 1no.

v.  An Inverter (1000W) — Ino.

Figure 6: Picture of the used TEMS equipment
Measurement and Data Collection

During the driving test, measurements were made primarily in the channels 1950-1960 of the Nigerian Airtel
(WCDMA) network using TEMS investigation 15.2.2 (a Sonny Ericsson W995 with TEMS pocket). The radio
resource control (RRC) reports, which were obtained by precise measurement of the Energy per chip to
Interference ratio (Ec/Io) of the common pilot channel (CPICH), served as the basis for the judgments on the
soft handoff. The measured value of the received signal code power (RSCP) and the available received signal
strength from the received signal strength indicator (RSSI) are used to calculate this Ec/lo. The distance of the
MS and the power levels received from BSs in the active set and the monitoring set were noted as the
measurements were being conducted. Figure 7 displays the results of the drive test study for the CPICH Ec/No
and CPICH RSCP values.

[EZ] WCDMA Serving/Active Set + Neighbors [MS1] (o @]=]
Type  Cell Name SC CelllD UARFCNDL CPICHEc/No CPICHRSCP  HS Type -
SC AND47IK 268 17004 10737 A
MN - AND479L 269 17005 10737 [
MN  AND479M 270 10737 -
MN  AND4795 153 10737 1650

MN  AND479G 268 17001 10712 1650

MN  AN0479T 154 10737 A750
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Figure 7: TEMS software interface showing measurements for Common Pilot Channel (CPCH) signals.
The distances between the three base stations are also shown in Table 1:

Table 1: Seperations between the three Base Stations

S/N Base Stations Seperation (m)
1 BS 1 and BS 2 707.94
2 BS 2 and BS 3 769.2

Characterization of the Typical WCDMA Network (Testbed)

The propagation path between the transmitter and the receiver may vary from BS to BS and from simple line-
of-sight (LOS) to a very complex one due to diffraction, reflecting, and scattering resulting from either natural
or constructed obstacles [20]. For Such environments, the propagation path may be modelled as a randomly
varying propagation path, and in many instances; there exist more than one propagation path leading to
multipath propagation. Such environments are characterized by fading effects such as shadowing, multipath
fading, and path loss. These fading effects are best described (on a large scale) by the path loss exponent which
defines the rate of change of attenuation that the signals suffer as it propagates from the transmitter to the
receiver.

The average large-scale path loss for an arbitrary transmitter to receiver separation is expressed as a function
of distance as [21], [22], [23]:

P,(dB) = P,(do) + 10nLog ;) (1)

Where: P, (d,) is the estimated path loss at reference distanced,,; 1 is the path loss exponent and d is the
distance between MS and BS.

It was shown by authors in [24] that for any value of distance (d), the path loss P, (dB) is a random variable
with a log-normal distribution about the mean value due to the shadowing effect. To compensate for shadow
fading, the path loss beyond the reference distance can be written as:

PL(dB) = P,(do) + 10nLog () + ¢ )

Where ¢ is the shadowing factor and also a Gaussian random variable (with values in dB) and modelled as log
normal with zero mean and standard deviation o (also in dB). The standard deviation of the shadowing factor
is known as the location variability.

The standard deviation is given as in [25]:

P1(d;))— PL(dg))?
Uz\/zu() L(d)) 3)

N

Where P, (d;) is the measured path loss at a distance, d;, P, (d,)is the estimated path loss using equation 3.1
and N is the number of measured data points.

The path loss exponent 1, is obtained from measured data by applying the method of linear regression analysis
in [24] (or method of least squares) such that the sum of squared errors gives:

e(n) = X, (P(d) — P.(dy))? 4
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Making P, (d,) in (3.1) the subject of formular and substituting into equation 3.4 gives:

d
e(n) = X1, (P(d) — Py(do) — 10nLog(5))? 5)

The value of ! which minimizes mean square error can be obtained by equating the derivative of e(n) to zero.
Differentiating equation 5 with respect to 1n and equating to zero gives: SZ—T) =

~20log () 1L, (mdi) ~ P(do) — 10nLog (%)) =0

i(PL(di) — P,(dp) — 10nLog (%)) -0

E1(Pu(d) = Pu(dg)) = Z74(10nlog1o(G)

i=1(PL(d;) — P.(d,)) =nXiZ;(1010gyo (Z_;

Making 1 subject of formular gives:

_ Yiz,(PL(d))— PL(do))
51, (1010g10(5)

(6)

Where:

P, (d;) is the average path loss which is the difference between the transmitting power (P;) in dB and received
power (P,) in dB,

P, (d,)= the path loss at close-in reference distance otherwise known as reference path loss,
d,is close in reference distance,
d; is the distance at intervals from the BS to MS.

Applying equations 3 and 6 to Tables 3 using the MATLAB program, the Path loss exponent and shadowing
factor for each site are obtained as shown in Table 2.

Table 2: Path loss exponent and shadowing factor for each site

S/N Base Station Pathloss Exponent | Shadowing Factor
1 AN 0052H 2.54 6.21
2 AN 0530K 3.28 8.26
3 AN 0479K 3.32 7.30

To estimate the performance of wireless channels, propagation models are often used [26]. Path loss models
represent a set of mathematical equations and algorithms which are applied for radio signal propagation
prediction in certain environments. They describe the signal attenuation between a transmitting and a receiving
antenna as a function of the propagation distance and other parameters which provide details of the terrain
profile required to estimate the attenuating signal [27].
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Using base station AN0479K as a reference, the path loss model is determined using the information provided
in Table 2.

The empirical path loss model for Onitsha suburban can be obtained from equation 2:

d
0

From Table 3, the average Path loss exponent for AN0479K was found to be 3.32 with an average Shadow
factor of 7.30 and P, (d,) which is the path loss at close-in reference distance otherwise known as reference
path loss is 96dB.

Therefore the empirical Path loss for AN0432K is given as:

d
P,(dB) = P,(dg) + 10nLog () + ¢
0

Substituting the values above into the equation gives:

d
P,(dB) = 96 + 10(3.32)Log (d—) + 78
0

d
P,(dB) = 103.8 + 33.2Log (d_)
0

The empirical path loss model for Onitsha suburban is then obtained as:

P,(dB) = 103.8 + 33.2Log (5") 7
do
This is the efficient path loss model determined for Onitsha Sub-urban in this work.

The model obtained was also compared with other existing models so as to see the variation and acceptability.
Due to the frequency limitation of COST-231 Hata model to 2GHz which is below the frequency of the
WCDMA network studied in this work, our comparison will be limited to only free space and the ECC-33
model.

e free space path loss
The free space path loss equation is given as:
P,(dB) = 32.4+ 20Logf + 20Logd; (8)
Where,
f= frequency in MHz
d; = distance in km

This equation shows the relationship between the path loss, the frequency, and the distance of the transmission
medium.

Using the following test parameters: f = 2112MHz
P, (dB) = 32.4+ 20Log2112 + 20Logd;

P,(dB) = 32.4 4 66.49 + 20Logd;
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The free space path loss model for Onitsha suburban is given as:
P, (dB) = 98.89 + 20Logd; )
e ECC-33 Path loss model
The path loss equation for ECC-33 model (Electronic Communication Committee (ECC), 2003) is:
P, = Ars + Ap — Gp — Gy (10)

Where, Afs, Apm, Gy, Grare the free space attenuation, the basic median path loss, the BS height gain factor and
the terminal height gain factor. They are individually defined as

Afs = 924+ 20LogF + 20Logd;
Apm = 20.41 + 7.894Logf + 9.83Logd; + 9.56(Logf)?

h
G, = log (ﬁ) (13.958 + 5.8Log(d;))?

And for sub-urban city environments as shown in [10];
G, = [42.57 + 13.7Logf][Log(h,,) — 0.585]

And for large city:

G, = 0.759h,, — 1.862

Where f'is the frequency in GHz

hyis the BS antenna height in meters

h,,1s the mobile antenna height in meters

hy, =1.5m, hy =24m, f = 2.112 GHz

Afs = 924+ 20L0og2.112 + 20Logd;

Aps = 924+ 6.53 + 20Logd;
Ars = 98.89 + 20Logd; (11)
Apm = 20.41 + 7.894L0g2.122 + 9.83Logd; + 9.56(Logf)?

Apm = 2041 + 2.56 + 9.83Logd; + 9.56(L0g2.112)?

Ay, = 2041+ 2.58 + 9.83Logd; + 1.01

Ay, = 24 + 9.83Logd,; (12)
h, ,

G, = log (ﬁ) (13.958 + 5.8Log (dy))

24
G, = log (m) (13.958 + 5.8Log(d;))?
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G, = —0.92 (13.958 + 5.8Log(d;))?

G, = —0.92 (194.83 + 161.91Log(d;) + 33.64{Log(d;)}?)

G, = —179.24 — 148.96Log(d;) — 30.95{Log(d;)}? (13)
G, = [42.57 + 13.7LogF][Log(h,,) — 0.585]

G, = [42.57 + 13.7Log2.112][Log(1.5) — 0.585]

G, = 47.02 (—0.4089) = —19.23 (14)
Substituting the values of equations (11), (12), (13) and (14) into (10)

P, = 98.89 + 20Logd; + 24 + 9.83Logd; — (—179.24 — 148.96Log(d;) — 30.95{Log(d;)}?)
— (~19.23)

P, = 321.36 + 178.79Log(d;) + 30.95{Log(d;)}? (15)
Results and Analysis of Text Bed Characterization

Table 3 and Figure 8 show the RSSI measured from the three based stations and the combined plot of the RSSI
from the three based stations respectively.

Table 3: Measured Data from the various WCDMA BSs

S/N | Distance (m) BTS AN0052H BTS ANO0530K BTS AN0479K
RSCP E./N, (dB) | RSCP E./No (dB) | RSCP Ec/No (dB)
(dBm) (dBm) (dBm)

1 100 -52.60 -10.00 -41.10 -11.00 -48.10 -10.50

2 200 -55.10 -10.10 -42.30 -12.50 -51.60 -12.00

3 300 -59.20 -12.40 -46.30 -13.10 -65.50 -12.55

4 400 -70.60 -13.00 -53.10 -13.60 -64.50 -14.20.

4 500 -66.50 -13.60 -57.10 -14.00 -70.70 -14.60

5 600 -68.60 -14.00 -63.10 -14.80 -72.00 -16.00

6 700 -72.00 -15.60 -71.00 -15.60 -75.40 -16.50

7 800 -72.30 -15.80 -74.10 -15.70 -78.10 -16.80

8 900 -78.20 -16.30 -78.30 -16.10 -82.40 -17.00

9 1000 -80.00 -16.40 -78.10 -16.50 -81.30 -17.30

10 1100 -86.40 -16.80 -85.20 -17.00 -87.20 -17.50

11 1200 -90.20 -16.90 -88.30 -17.00 -88.40 -17.60

Page 2606

www.rsisinternational.org



https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume XIII Issue IV April 2026

RSSI

Comparison of RSSI for the various base stations
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Figure 8: Combined Plot of RSCP for all the base stations

The plot of Figure 8 shows that the signal strength received at the MS becomes stronger as the MS moves
closer to a particular BS and becomes weaker as the MS moves farther away from the BS and hence the need
for soft handoff. This is true for all the three BSs and it is explained further in the plot of Figure 9.

The values from the various path loss models are computed and tabulated in Table 4 using MATLAB.

Table 4: Comparison of Path loss models

S/N Distance (Km) | Free Space Model (dB) | Developed model (dB) ECC-33 Path loss Model (dB)
1 0.1 138.89 103.80 802.74
2 0.2 144.91 113.79 896.63
3 0.3 148.43 119.64 954.16
4 0.4 150.79 123.79 996.00
5 0.5 152.87 127.01 413.56
6 0.6 154.45 129.63 430.16
7 0.7 155.79 131.86 447.26
8 0.8 156.95 133.78 464.68
9 0.9 157.97 135.48 482.34
10 1.0 158.89 137.00 500.15
11 1.1 159.72 138.37 518.08
12 1.2 160.47 139.63 536.10

Table 4 shows the free space pathloss model, the newly developed pathloss model, and the ECC-33 pathloss
model for different distances as calculated from MATLAB using equation 15. The graph of Figure 9 plotted
with the obtained values shows that the developed pathloss model is closer to the free space pathloss model as
compared to the ECC-33 pathloss model.
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Comparison of the Pathloss of the various Models
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T
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b b r b b
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Figure 9: Graph showing the comparison of various Path Loss Models

The wide variation in the plots of figure 9 shows that the free space is an ideal condition that is free from all
the propagation impairments such as pathloss, shadowing, and multipath fading. However, in reality, signal
propagation in a normal propagation environment is affected by the above three propagation phenomena, thus,
the wide variation in the above-plotted graph.

CONCLUSION

This research work, which is empirical characterization and modelling of a typical WCDMA cellular network
towards enhancing the soft handoff decision developed the fact that the Received Signal Strength (RSS) at the
Mobile Station (MS) becomes stronger as the MS moves closer to any of the three Base stations (BSs) and
becomes weaker as the MS moves farther away from any of the BSs thus, prompting the need for necessary
soft handoffs decisions.
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