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Abstract—In this paper, we propose a multi-factors cell
selection (MFCS) scheme for heterogeneous networks with
multimedia traffic. In heterogeneous networks, it is an
important issue to determine a suitable access network
for call request to support seamless service and high-
speed connectivity. The MFCS scheme first chooses candi-
date cells for call request to satisfy the received signal
strength constraint, cell loading constraint, and dwell
time constraint. It then determines a target cell from
candidate cells based on the QoS factor, loading factor, and
mobility factor. Simulation results show that, the MFCS
scheme reduces the handoff occurring ratio by 25.5 %
and improves the overall system throughput by 15.9 % as
compared to the utility and game-theory based network
selection (UGNS) scheme [6].

I. INTRODUCTION

The technique of heterogenous wireless access plays an
important role to develop next-generation wireless networks
[1], [2]. By using this technique, a mobile station (MS) has
the ability of multi-mode access to simultaneously connect
with multiple heterogeneous radio access networks (RANs),
included wireless local area network (WLAN), wireless
metropolitan area network (WMAN), and wideband code
division multiple access (WCDMA) cellular network, and so
on. Through a proper cell selection scheme, next-generation
wireless networks can provide the service of seamless access
and high-speed connectivity for call requests. However, the
design of cell selection scheme is very complicated, since it
should consider the different system characteristics of different
RANs. On the other hand, it is an essential requirement
to support the multimedia traffic in next-generation wireless
networks. Each traffic has different quality-of-service (QoS)
requirements. Therefore, how to develop an effective cell
selection scheme for heterogeneous networks to support mul-
timedia traffic becomes a challenging issue.

In the literature, the study of cell selection or network
selection for heterogeneous networks has attracted a lot of
attentions [3]-[6]. By combining non-compensatory and com-
pensatory multi-attribute decision making algorithms, Bari and
Leung [3] proposed a decision process to assist the terminal
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in selecting the top candidate network. In [4], Sehgal and
Agrawal proposed a QoS-based network selection scheme for
4G networks to select an appropriate network during handoff
based on user preferences and interests. Moreover, Pei et al. [5]
proposed an access control mechanism to maximize network
welfare or loading balance between CDMA networks and
WLANSs. By combining the utility function and the cooperative
game, Tsai, Chang, and Chen [6] proposed a utility and game-
theory based network selection (UGNS) scheme to achieve the
loading balance and reduce the occurrence of handoff.

In this paper, we propose a multi-factors cell selection
(MFCS) scheme for heterogeneous networks with multimedia
traffic. The MFCS scheme takes multiple factors into account
when it makes the decision for cell selection. It contains
three stages, candidate cells determination (CCD), utility value
assignment (UVA), and target cell selection (TCS). The CCD
stage selects candidate cells by checking the received signal
strength constraint, cell loading constraint, and dwell time
constraint. The UVA stage assigns utility values to candi-
date cells by considering the QoS factor, loading factor, and
mobility factor. Finally, the TCS stage determines the most
suitable cell as target cell for call request. Simulation results
show that, when the call arrival rate is larger than 0.7, the
proposed MFCS scheme reduces the new call blocking ratio
and the handoff call dropping ratio by 42.4 % and 44.4 %,
respectively, as compared to the UGNS scheme [6]. Moreover,
the MFCS scheme decreases the handoff occurring ratio by
25.5 % and enhances the overall system throughput by 15.9
% as compared to the UGNS scheme.

The remainder of the paper is organized as follows. The
system model is introduced in Section II. Section III describes
the design of the MFCS scheme. Section IV presents the
simulation results for the performance analysis of the MFCS
scheme. Finally, conclusions are given in Section V.

II. SYSTEM MODEL
A. Heterogeneous Network

Consider a heterogeneous network is composed of K cells
and can be divided into many subnetworks. Each subnetwork
has the same network topology and is overlapped with each
other. As shown in Fig. 1, the subnetwork of the heterogeneous
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Fig. 1.

The subnetwork of the heterogeneous network.

network contains one WCDMA cell, one WMAN cell, and
four WLAN cells. All cells in the subnetwork are connected
with a radio network controller (RNC) via backhaul. The RNC
gathers information from base stations (BSs) of WCDMA and
WMAN cells and access points (APs) of WLAN cells to make
the decision for cell selection. The mobile station (MS) is
supposed to have multiple radio transceivers and then can
detect all radio interfaces simultaneously. Also, the MS with
call request can only connect with one cell at the same time.
The proposed MFCS scheme is implemented in the RNC to
choose one suitable cell from K cells for call request.

1) WCDMA System

In the WCDMA system, the achievable bit rate for MS,
denoted by AR, can be obtained by [7]

AR = W

a - (Eb / N, 0)
where W is the chip rate, a is the activity factor of MS, Ej
is the signal energy per bit, Ny is the noise spectral density,
RSS is the signal strength of BS received at MS, and PI; is
the total power including thermal noise power received at BS.
Note that, (E},/Ny) should be set to meet a predefined QoS
requirement for MS.

RSS

|
* PI, —RSS’ M

2) IEEE 802.16 WMAN System

In the IEEE 802.16 WMAN system [8], the orthogonal
frequency division multiple access (OFDMA) is adopted as
a multiple-access method. The frame time is defined as 7'
ms and is divided into N OFDMA symbols. Suppose each
WMAN BS has Z sub-channels, and each sub-channel consists
of ¢ sub-carriers. Denote b,, . as the number of transmitted bits
allocated to call request on sub-channel z at the nth OFDMA
symbol. The allocated transmission bits for call request in this
frame, denoted by B, is then obtained by

Z N
B:ZZq'sn,z'bn,m

z=1n=1

(@)

where s, . is the allocation indication. If the resource on sub-
channel z at the nth OFDMA symbol is allocated to this call
request, s, . = 1; otherwise, s, , = 0.

3) IEEE 802.11 WLAN System
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In the IEEE 802.11 WLAN system [10], the enhanced dis-
tributed channel access (EDCA) mode is adopted to transmit
data. It allows the AP to initiate the duration of transmission
opportunity in the contention period. Under the EDCA mode,
a MS cannot transmit packets until the channel is sensed to
be idle for a time period, which is equal to the arbitration
interframe space (AIFS). When a MS detects the channel to
be busy during the AIFS, the backoff time counter is triggered.
Moreover, the WLAN system can provide up to four access
categories and eight priorities to support differentiated QoSs.

B. Traffic Classes

The considered heterogenous networks can support four
classes of traffic: conversational, streaming, interactive, and
background. Each traffic has different QoS requirements. For
conversational and streaming traffics, the QoS requirements
are the required bit error rate (BER), the required (E,/Ny),
the maximum delay tolerance, and the maximum allowable
packet dropping ratio. For interactive and background traffics,
the QoS requirements have the required BER and the required
(Ey/Ng). Therefore, the conversational and streaming traffics
can be seen as the real-time traffic, while the interactive and
background traffics can be seen as the non-real-time traffic.

C. Mobility Model

According to the estimated velocity, the MS could be cate-
gorized as pedestrian, normal mobility MS, or high mobility
MS. For the pedestrian and normal mobility MS, their speeds
are assumed to be unchanged, but their direction of motion
will be randomly changed in every fixed duration. For the high
mobility MS, its estimated velocity and direction of motion are
supposed to be unchanged. Figure 2 shows the model of dwell
time for high mobility MS, where r, is the radius of cell k,
0y is the angle between the BS/AP of cell k£ and the moving
direction of MS, 0 < 6, < 7, and d,. ;, is the distance between
the BS/AP of cell k£ and the MS, 0 < d,.;, < 7. Therefore,
the travel distance of MS in the cell k, denoted by d; j, can
be obtained by [9]

3)

Here, 0 < d; ;; < 2rj,. We then have the estimated dwell time
of MS in the cell k, denoted by T}, 1, by

wa,k = dt,k/v7

dt,k = \/T% — (dr,k . sin@k)z + drvk - cosOy.

“4)

where v is the estimated velocity of MS. In this study, the
velocity of high (normal) mobility MS is set to be 80 (30)
km/hr, while that of pedestrian is set to be 3 km/hr.

III. MULTI-FACTORS CELL SELECTION SCHEME

The proposed multi-factors cell selection (MFCS) scheme
is composed of three stages, candidate cells determination
(CCD), utility value assignment (UVA), and target cell se-
lection (TCS). The detailed designs of the MFCS scheme are
given below.



(a)0<06,<7/2

b)r/2<0 <7

Fig. 2. The model of dwell time for high mobility MS in the cell k.

A. Candidate Cells Determination Stage

The CCD stage chooses the suitable cells as candidates
based on the received signal strength constraint, dwell time
constraint, and cell loading constraint. Only the cell satisfying
these three constraints will be chosen as the candidate cell for
call request.

1) Received Signal Strength Constraint

In order to provide a sufficient link quality, the received
signal strength of pilot/beacon from cell £ at the MS with call
request, denoted by RSSy, should exceed a predefined signal
strength threshold for cell &, denoted by RSS; .. We then
have the received signal strength constraint as

RSS), > RSSyj 1. (5)

In this paper, the RSSy, ;. is set to be the received signal
strength of pilot/beacon from cell k at its boundary.

2) Dwell Time Constraint

If the high mobility MS is allowed to access a small
cell, it might pass through this cell quickly and perform the
handoft procedure frequently. Hence, we utilize the dwell time
constraint to reduce the occurrence of handoff. Let x;, =
Tw.k/Tmax,i be the dwell time factor of call request in the
cell k, where Ty00.x = 2 - 71/v. The dwell time constraint
can then be written as

T > Tehk, (6)

where 4, 1, is a predefined threshold for the dwell time factor
of cell k. If x, > x4, 1, the dwell time of MS in the cell %
would be long enough to provide a certain period of service.

3) Cell Loading Constraint

The cell loading constraint is used to guarantee the admis-
sion of call request will not influence the QoS requirements
of existing connections, given by

Pk + Apr < Pih ks (7

where py, is the loading intensity of cell k before admitting the
call request, Apy is the increment of loading intensity when
the call request connects to the cell &, and pyy, 1 is a predefined
threshold for loading intensity of cell k.

For the WCDMA cell k, the Apy, is defined as [7]

1

App=(1+n)- 1+W/(a-R-Ey/Ny)’

(®)

where 7 is the ratio of the interference from other cells (inter-
cell interference) over the interference from own cell (intra-
cell interference), and R is the bit rate of call request. For
the WMAN cell k, the mean capacity can be estimated as
4.q-Z - NJ/T (bps). Hence, the Apy, is defined as
a-R

4-q-Z-N/T’

For the WLAN cell £, the measurement-based cell loading
intensity estimation is adopted. Let T3, ;. be the busy time of
cell k£ during an observation duration, denoted by 7,. The
loading intensity of the WLAN cell £ can be estimated by
pr = Tp1/T,. The WLAN cell k is said to satisfy the cell
loading constraint if py < pgp k-

Apy, = ©)

B. Utility Value Assignment Stage

The UVA stage calculates utility values for candidate cells
by considering the loading factor, QoS factor, and mobility
factor. The utility value is the degree of suitability for a
candidate cell. Suppose there are J candidate cells for call
request selected by the CCD stage. Denote C; as the jth
candidate cell and C as the set of candidate cells, where
C = {Cy,---,Cj,---,Cy}. The utility value of candidate
cell C;, denoted by Uj, is defined as a linear combination of
three factors given by

Uj:wl-Ljerg'Qjerg»Mj, (10)

where L; is the loading factor of Cj, @; is the QoS factor of
Cj, Mj is the mobility factor of C;, and w1, wa, ws are the
weights of loading, QoS, mobility factors, respectively, with
w1 +wy 4wz = 1. In this paper, we set w; = wy = wy = 1/3.

1) Loading Factor

The loading factor L; is used to measure the cell loading
difference between two cells in C after the call request is
accepted by C;. When a call request arrives at the RNC,
the MFCS scheme prefers to arrange it to the cell which can
improve the loading balance among candidate cells. This can
also enhance the number of accommodated calls. The loading
factor L; is designed as

1
Li=— 1
71+ Lij+ Loy (an

where Ll_’j = Z;;Izl,i;ﬁj z;l’zl,i';éi,i’;ﬁj |pz - pi’|’ LQJ =
Zj:l,i 2105 — pil, and pf; is the loading intensity of C; after
it accepts the call request. The L; ; shows the total of the cell
loading difference between two cells in C except for C;. The
Ly ;j represents the total of the cell loading difference between
C'; and other candidate cell. If the L; is larger, it means the C}
can achieve a better loading balance among candidate cells.

2) QoS Factor

The QoS factor @; is used to measure the QoS satisfaction
level of call request accepted by C;. Let A;, B;, and D; be the
average packet dropping ratio, allowed data rate, and average
packet delay, respectively, measured in C;. The QoS factor of
Cj is designed as
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Qj = Q1(A;) x Q2(B;) x Q3(D;),

where Q1(A4;), Q2(B;), and Q3(D;) are the normalized QoS
satisfaction functions of packet dropping ratio, data rate, and
packet delay, respectively, for C;. Note that, for the interactive
and background traffics, Q@4,; = @p,; = 1, since they do
not have the QoS requirements for packet dropping rate and
transmission delay. If a cell can guarantee the QoS requirement
for call request, the corresponding QoS satisfaction value is
designed to have an exponential relationship with the measured
QoS metric; otherwise, it is set to be zero.

The QoS satisfaction function of packet dropping ratio for
C; is given by

(12)

Q1(A4;) = max{l — efrs*A=oi o}, (13)
where o ; is the requirement parameter for A; and 3 ; is the
elasticity parameter for A;. The larger value of «v; ; means that
the call request has a higher allowable packet dropping rate.
The larger value of (31 ; means that the QQ1(A;) is a steeper
curve and has a less elasticity in the packet dropping ratio. In
this study, we set o ; (51,5) = 7 (700) and 5 (500) for the
conversational and streaming traffics, respectively.

The QoS satisfaction function of data rate for C; is given
by

Q2(B;) = max{1 — e~23~F2%B; 0}, (14)
where s ; (f2,;) is the requirement (elasticity) parameter for
B;. The larger value of s ; means that the call request has a
higher data rate requirement. The larger value of 3> ; means
that the Q2(B;) is a steeper curve and has a less elasticity
in the data rate requirement. In this study, we set as ; (52 ;)
= 5.5 (0.5), 3.75 (0.05), 0.45 (0.005), and 0, (0.0005) for the
conversational, streaming, interactive, and background traffics,
respectively.
The QoS satisfaction function of packet delay for C; is
given by
Q3(Dj) = max{1 — e’*i*Pi=a3 o}, (15)
where a3 ; (83,;) is the requirement (elasticity) parameter for
D;. The larger value of a3 ; means that the call request has
a higher maximum delay tolerance. The larger value of /33 ;
means that the Q3(D;) is a steeper curve and has a less
elasticity in the delay tolerance. In this study, we set a3 ; (33 ;)
= 8 (0.2) and 10 (0.1) for the conversational and streaming
traffics, respectively.

3) Mobility Factor

The mobility factor M; considers the dwell time of MS in
C; and the relative position between the BS/AP of C; and
the MS. The proposed MFCS scheme favors to arrange a high
mobility MS to a large cell to avoid frequently handoff. Denote
Ty as the average dwell time of candidate cells for the MS
with call request. Let y; = Ty j/Tavg- If y; is less than one, it
indicates that the MS has a high probability to initiate handoff
when it enters C;. Therefore, the mobility factor considering
the dwell time, denoted by Mg, ;, is given by
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0, if y; < 0.25,

Mo — ) y;—0.25, if 0.25 <y; <1, 16

dwd 0.75+ (y; — 1), if 1 <y; < 1.25, (16)
1, if y; > 1.25.

On the other hand, if the MS is nearer to the BS/AP of
C}, the C'; will be more suitable as target cell. Therefore, the
mobility factor considering the relative position, denoted by
M, ;, is given by

1a if d'ru,j < Tth,j»
_ c—dy .
MTPJ - :;:]_Tth:]j7 if Tthj < dr,j <rj, (17)
0, if dr’j > Ty,

where d,. ; is the distance between the BS/AP of C; and the
MS, r; is the cell radius of Cj, and 7, ; is the predefined
threshold for d, ;. Finally, the mobility factor M; can be
obtained by averaging Mg, ; and M,, ;; that is,

_ Mawj + Mrp,;

M; ;

(18)

C. Target Cell Selection Stage

The TCS stage chooses the cell with maximum utility value
as the target cell for call request. If a candidate cell has a
larger utility value, it means this cell has a higher probability
to satisfy the QoS requirements for call request, maximize the
number of accommodated calls, and minimize the number of
handoff. Let j* be the index of target cell in C. The target
cell for call request, denoted by C~, can then be obtained by

j" = arg max {Uj}. (19)

IV. SIMULATION RESULTS
A. Simulation Environment

In this simulation, the heterogenous network is considered
to contain 7 subnetworks. The system parameters for the
WCDMA, WMAN, and WLAN systems are listed in Table I.
The wireless fading channel is composed of large-scale fading
and small-scale fading. The large-scale fading is caused by
path loss and shadowing effect, while the small-scale fading
is caused by multipath reflection. The path loss is modeled as
128.1 + 37.61 x logd, j (dB) [11]. The shadowing from the
BS/AP is log-normal with zero mean and standard deviation
of 8 dB. The small-scale fading channel is simulated by the
Jakes model [12]. Moreover, the channel is assumed to be
fixed within one frame and varies independently from frame
to frame.

There are four classes of traffic in the heterogenous network,
conversational, streaming, interactive, and background. The
models of these four traffic classes can be found in [11], [13],
and [14]. The QoS requirements for each traffic class are listed
in Table II. We define the call arrival rate, denoted by CAR,
as the number of arrival calls per second. For each cell, the
new call arrival rates of conversational, streaming, interactive,
and background traffics are set to be CAR, CAR/3, CAR/3,
and CAR/6, respectively.



TABLE 1
SYSTEM PARAMETERS FOR THE WCDMA, WMAN, AND WLAN

SYSTEMS.
Parameters WCDMA WMAN WLAN
Cell radius 2 km 2 km 0.1 km
Frame (slot) duration 10 ms 5 ms 9 us
Carrier frequency 2 GHz 2.5 GHz 2.4 GHz
Number of cells 7 7 28
Loading intensity threshold
(Pth.k) 0.85 1 0.85
Dwell time factor threshold
(z4p, 1) 0.05 0.05 0.2
The other cell to own cell
interference ratio (1) 0.55 —_—
Number of subchannels (Z) 4 e —
Number of subcarries per
subchannel (q) —_— 48 —_—
Number of OFDMA symbols
per frame (V) 16
Capacity 2 Mbps 3.69 Mbps | 11 Mbps
TABLE II
QOS REQUIREMENTS OF EACH TRAFFIC CLASS.
Traffic class QoS requirement Value
Required BER 10-3
Conversational Required E},/No 4 dB
(Voice) Max. delay tolerance 40 ms
Max. allowable packet dropping ratio 1 %
Required BER 10-4
Streaming Required Ey,/No 3 dB
(Video) Max. delay tolerance 100 ms
Max. allowable packet dropping ratio 1 %
Interactive Required BER 10-F
(HTTP) Required £}, /No 2 dB
Background Required BER 106
(FTP) Required E}, /No 1.5 dB

B. Performance Evaluation

The proposed MFCS scheme will be compared with the util-
ity and game-theory based network selection (UGNS) scheme
[6]. When a new call or handoff call arrives at the RNC, the
UGNS scheme first chooses candidate cells by considering
the signal strength constraint and network load constraint.
It then calculates the utility value and preference value for
each candidate cell based on the QoS satisfaction level and
the cooperative game computation, respectively. Finally, the
UGNS scheme selects the cell with the maximum linear
combination of utility value and preference value as the most
suitable cell for call request.

Figure 3 shows the new call blocking ratio versus the call
arrival rate. When the call arrival rate is larger than 0.7, the
MECS scheme reduces the new call blocking ratio by more
than 42.4 % as compared to the UGNS scheme. Reasons for
this are as follows. In order to achieve the loading balance
among candidate cells, the MFCS scheme assigns the call
request to the cell, which can minimize the summation of
cell loading difference, by using the loading factor. However,
the UGNS scheme allocates the call request to the cell with
the most resource. This might cause that non-real-time calls
are blocked when the cell loading is close to the predefined
threshold.
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Fig. 4. Handoff call dropping ratio.

Figure 4 depicts the handoff call dropping ratio, which is
defined as the probability that a call will be forced to terminate
during the call holding time due to handoff. When the call
arrival rate is larger than 0.7, the MFCS scheme decreases the
handoff call dropping ratio by more than 44.4 % as compared
to the UGNS scheme. The MFCS scheme utilizes the dwell
time constrain to choose the cell with large dwell time. The
MS with large dwell time may have enough time to complete
handoff procedure. However, the UGNS scheme allows the
high mobility MSs to enter and leave the WLAN cell quickly.
Some of these MSs may have no enough time to complete
handoff procedure due to contention and backoff.

Figure 5 presents the handoff occurring ratio, which is
defined as the average of handoff that a call has experienced
during the call holding time. The MFCS scheme reduces the
handoff occurring ratio by more than 25.5 % as compared to
the UGNS scheme. The reasons are given below. The MFCS
scheme uses the dwell time constraint to exclude the cells with
small dwell time and thus reduces the number of handoff.
Moreover, the mobility factor in the MFCS scheme has a
higher influence on the target cell decision than that in the
UGNS scheme.

Figure 6 depicts the number of accommodated calls. The
MEFCS scheme increases the number of accommodated calls by
32.9 % as compared to the UGNS scheme. This is because the
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MECS scheme has a lower new call blocking ratio and a lower
handoff call dropping ratio than the UGNS scheme, as shown
in Figs. 3 and 4, respectively. Therefore, the heterogenous
network with the MFCS scheme can accommodate more calls
than that with the UGNS scheme.

Figure 7 presents the overall system throughput. The MFCS
scheme enhances the overall system throughput by 15.9 % as
compared to the UGNS scheme. Since the MFCS scheme can
accommodate more calls than the UGNS scheme, as shown in
Fig. 6, this makes the MFCS scheme can transmit more data.

V. CONCLUSIONS

In this paper, we propose a multi-factors cell selection
(MFCS) scheme for heterogeneous networks, where the mul-
timedia traffic is considered. First, the MFCS scheme filters
out unsuitable cells by checking the received signal strength
constraint, cell loading constraint, and dwell time constraint.
It then assigns utility values to candidate cells by considering
the loading factor, QoS factor, and mobility factor. Finally,
the MFCS scheme chooses the cell with maximum utility
value as target cell for call request. Simulation results show
that, when the call arrival rate is larger than 0.7, the MFCS
scheme improves the new call blocking ratio and the handoff
call dropping ratio by 42.4 % and 44.4 %, respectively, as
compared to the UGNS scheme. Moreover, the MFCS scheme
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reduces the handoff occurring ratio by 25.5 % and enhances
the overall system throughput by 15.9 % as compared to the
UGNS scheme.
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