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Abstract— In heterogenous wireless networks, as the users
move across the coverage regions of possibly-different vér
less networks, they will have to switch between them. The
procedure followed to determine when and how a mobile
user should switch between networks of different types
is known as the vertical handoff scheme. Several vertical
handoff schemes have been proposed in the literature, but
few of them employ the geographical nature of this problem
like we do in this paper. The scheme we propose here
takes the user’s direction of movement into account when
choosing the most suitable candidate for the handoff. When
compared with existing schemes, our proposed scheme shows
significant reductions in the number of lost connections and
the number of unnecessary handoffs.

______________ » Horizontal handoff Base station

Index Terms— Heterogenous Wireless Networks, Vertical » ertical handoff B Accesspoint
Handoff Scheme, Mobility Model

Figure 1. The different types of handoff [5]. The figure shdwsizontal
. INTRODUCTION handoffs (between two base stations (BSs) and between teessc

VER the past couple of decades, the demands gioints (APs)) as well as vertical handoffs (where mobilersma_eaove into
. . L MI) or move out (MO) of the AP’s coverage region causing haffed
mobile users have increased significantly and th§enyeen the BS and the AP).

nature of these demands has shifted from making simple
voice calls to running applications with high bandwidth
requirements. Satisfying these demands for mobile usethat a mobile user's application work properly while
is a very challenging problem that requires taking advanthe user is moving from one location to another. Two
tage of the many available networks (of different types)types of handoff have been in use: the intra-technology
Such heterogenous wireless networks have different advandoff qorizontal handoff) and the inter-technology
cess technologies, architectures, protocols, operatats ahandoff ertical handoff). Examples of both types of
users [1]. Examples include the Wideband Code Divisiorhandoff can be seen in Figure 1. The figure shows the
Multiple Access (WCDMA) Networks and the Wireless two main scenarios considered in vertical handoff. The
Local Access Networks (WLANSs). Such variations havefirst one is moving out (MO) of the preferred network
made it challenging to deal with heterogeneous wirelesand the second one is moving into (MI) a preferred
networks, organize them, and enable effective interactionetwork. Note that when switching to a different network,
and information sharing to provide mobile users withthere may be a preferred network to switch to among
high quality connections. The different service demandshe list of candidate networks (e.g., WLAN is normally
of mobile users have made the Always Best Connectegreferred over a Universal Mobile Telecommunications
(ABC) concept important so as to allow a mobile user toSystem (UMTS) network [4]).
get connections and services using the devices and accessA handoff process can be divided into three phases: the
technologies that best suit the mobile user's communiinitiation phase (radio link transfer), the decision phase
cation needs as the user crosses different geographicahd the execution phase [4]. During the initiation phase,
regions covered by the different networks [2]. information about access technologies, mobile users, en-

The Handoff is the process of moving a user’s com- vironment and neighbors is collected. Examples of such
munication session from an access device (such as anformation include Received Signal Strength (RSS) from
Access Point (AP) or a Base Station (BS)) to anothepther neighbors, Signal to Interference and Noise Ratio
(in most cases, to an adjacent one) to guarantee unintgiSINR), distance from access devices, direction and ve-
rupted communication [1]. In other words, a handoff islocity of mobile users, etc. This information will be used
defined as changing the frequency, time slot and spreadirig the decision phase to select the best new network for
code of the channel used without effecting the activehandoff. This will be the main topic of this paper.
session [3]. The handoff process aims at guaranteeing Several parameters have been proposed in the liter-

©2013 ACADEMY PUBLISHER
doi:10.4304/jetwi.5.3.278-286



JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 5, NO. 3, AUGUST 2013 279

ature for use in vertical handoff algorithms [4]. Ex- Yan et al. [8,9] proposed a scheme to minimize the
amples include RSS, SINR, connection time, handoveunnecessary handoffs and to improve the overall network
latency, available bandwidth, power consumption, useutilization based on a traveling distance prediction métho
preferences, monetary cost, and security. In this workwithin a WLAN cell. The scheme uses RSS measurements
we focus on reliability. When a handoff request by ato predict the time that user will spend within a WLAN
mobile user fails (request is denied due to unavailabilitycell. Their performance analysis showed that the main ad-
of free channels at the chosen handoff candidate) theantage of this scheme is that it minimizes the probability
user is disconnected. Such disconnections are intolerabté handoff failures and unnecessary handoffs whenever
in cellular networks. In fact, users prefer networks withthe predicted traveling distance inside the WLAN cell is
lower bandwidth if they are more reliable (i.e., have lowersmaller than the distance threshold value.

disconnection probability) [6]. Additionally, we focus on  Mohanty et al. [10] proposed a vertical handoff man-
providing better QoS guarantees by reducing the numbefgement scheme to support smooth vertical handoff man-
of unnecessary handoffs [6]. agement in next generation wireless systems. A cross-

Except for a few works, existing schemes ignore theayer (layer 2 + layer 3) vertical handoff management pro-
geographical nature of this problem unlike our schemetocol (CHMP) uses two RSS values from measurements
In our scheme, we incorporate the mobile user's moveof the current RSS and a dynamic RSS threshold, which
ment direction in the handoff decision. By doing so, weis calculated by estimating user speed and predicting the
can decrease the probability of an unnecessary handofiandoff signaling delay of possible handoffs between a
Another benefit of this approach is reducing the numbewLAN and 3G cellular networks.

of handoffs to candidates with “central” locations that vang et al. [11] proposed a Multi-dimensional Adaptive

are close to the movement trajectories of many mobil&s|NR based Vertical Handoff scheme (MASVH) scheme.
users. This will decrease the load on these candidateshis scheme tries to balance the effect of SINR, required
and thus, decrease the number of disconnections. Theg8er bandwidth, user traffic cost and network utilization
intuitive arguments of why our scheme will outperform o improve handoff decisions by taking into account the
other schemes are supported by the experiments discussgfect of multi-attributes QoS support. The simulation

in Section V. results show that MASVH improves system performance

The paper is organized as follows. In the following by enhancing the throughput and decreasing the failed
section, we discuss the related works before describingandoff probability as well as the user’s traffic cost.

the system model we use and our assumptions we make
in Section Ill. We present our scheme in Section IV and
show its performance advantage over existing schemeslgu :

Section V. Finally, we conclude our paper and discuss Bandwidth-Based Schemes

futures directions of this work in Section VI. Ayyappan and Kumar [12] proposed a QoS-based
vertical handoff scheme that depends on the available
1. RELATED WORKS bandwidth and the user’s service requirements to make

Due to its importance, several vertical handoff scheme grtlcal handoff decision between WLANs and Wireless
have been proposed in the literature. Below, we revie ide Area Networks (WWANS). . )
these schemes. Yang et al. [6] proposed a bandwidth-based vertical

handoff scheme for WLAN and WCDMA networks.
This scheme uses the effect of combined SINR as a
A. RSSBased Schemes main criterion for making handoff decisions. It converts

Zahran et al. [5,7] proposed an adaptive lifetime-the SINR value at the access network to an equivalent
based vertical handoff (ALIVE-HO) scheme. This schemevalue at a target network so that the handoff algorithm
uses the RSS to estimate the expected period of timean determine achievable bandwidths from both access
during which the mobile user’s need can be served fronfietworks so as to make handoff decisions considering
WLAN taking into account delay, authentication, and QoS requirements.
service initiation. Application Signal Strength Thresthol ~ Ayyappan et al. [13] proposed an SINR-based vertical
(ASST) is defined as the RSS needs of applications thandoff scheme for QoS in heterogeneous wireless net-
perform their services. In [5], a framework is proposed toworks. This scheme uses SINR to improve the QoS in het-
evaluate the performance of the ALIVE-HO scheme. Theerogeneous wireless networks as compared with the RSS-
simulation results show the tradeoff between resource utbased vertical handoff scheme. This scheme uses SINR
lization and the user received QoS. The authors show that calculating the throughput using Shannon’s capacity
by introducing the lifetime metric, the algorithm adaptstheorem. The handoff is initiated when the mobile user
to application requirements and user mobility, reducingeceives a higher equivalent SINR from another network.
the number of unnecessary handoffs, and improving th&he user connects to the network that provides better QoS.
average throughput provided to the user because th&mulation results show that the proposed SINR-based
algorithm increases the connected-duration and decreaseartical handoff scheme provides higher overall system
the number of dropped users. throughput as well as fewer dropped connections.
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C. Other Schemes In WCDMA Networks. Before going into RSS compu-

Xia et al. [14] proposed a novel fuzzy logic vertical tation, let us discuss the Signal to Interference plus Noise
handoff scheme with the assistance of differential disRatio (SINR) and the Path Loss (PL). The SINR received
tance and a pre-decision method. This scheme maké$ mobile useri when associated with WCDMA Base
handoff decisions between WLAN and Universal Mobile Station (BS); can be represented as follows.
Telecommunications Systems (UMTS). The scheme con- _G.P. /N G P — G.P: 1
sists of the following parts: i iFil +Z( iT5) = (1)

« The predictor of a Forward Differential Distance WhereG;, P; and N denote respectively the channel gain
Algorithm (FDPA) that is used to get the expectedbetween usei and BSj, the transmission power of BS
next RSS. j and the background noise atFor mobile user and

« A Pre-Decision (PD) method applied before theBS j, the PL in dB is computed as follows.
handoff decision to filter unnecessary data (i.e., mo- - _ _
bile users with high mobility or less RSS from using PLij = 135.41+12.49log(f;) — 4.99 log(h;)
the WLAN) to improve the vertical handoff decision. + (46.84 — 2.341og(h;)) log(d;), (2)

« The Fuzzy logic based Normalized Quantitive Deci-yyhereq, . f; andh, respectively are the distance between
sion (FNQD) method implemented to quantitatively; 54 ;in ‘kilometers, the frequency in MHz and the
evaluate the performance of candidate networks.  gftective antenna height in meters. Now, the RSS for a

This scheme takes into account some network paramess ; at mobile useri is expressed in dBm as follows.
ters, including velocity, current RSS, predicted RSS and

available bandwidth. At the end, the optimized vertical RSSc = Pj+ Gj — PLij — A 3)
handoff decision is made by comparing the performanc

@here P;, G;, PL;; and A; respectively arg’s trans-
evaluation values of candidate networks. Jr e ST J P y arg

._mission power in dBm, the transmitted antenna gain in

; o 'YB, the total path loss in dB, and the connector and cable

to make vertical handoff decisions, regardless of whether -
- . . oss in dB.

this information was gathered by a GPS device or a

physical layer support. In [15], the mobile user comparesn WLAN Networks. Similar to the above, we start

the distance to its current AP with the distances to thavith SINR and PL before going into the RSS. The SINR

APs of neighbor cells. When the user is moving awayreceived at mobile user when associated with WLAN

from the current AP, it calculates the time it exits the Access Point (AP} can be computed as follows.

cell. If it determines that it will be out of the cell several

scans later, it decides to perform a handoff and searches ki = Grli/N + Z(kak)’ 4)

for the near-est AP If it Can- find an AP closer than thevvhereGk, P, and N denote respective|y the channel gain
current AP, it switches to this AP. between mobile userand APk, the transmitting power

The authors of [16] suggest using a location-basegf AP % and the background noise atFor mobile user
scheme where the mobility model of the user is useq and BSj, the PL in dB is computed as follows.

to predict its next locatiorl after a certain period. The
scheme then finds a serving AP of the locatibrand if PLi, = L +10nlog(dix) + S ()

it is different from the current AP, it initiates a handoff whereL, n, d;; andS respectively are the constant power

to that AP. loss, the path loss exponent with values between 2 and 4,

¢ Finally, ?T: etda# [t117] proposid "’g_] analytical ?Od:::the distance betweehand &, the shadow fading which
or vertical handoff that uses the distance to the AFRg gqeled as Gaussian with mean= 0 and standard

as well as Wrong Decision Probability (WDP) and thedeviationcf with values between 6 and 12 dB depending

Handover Probability (HP). This vertical handoff schemeOn the environment. Now. the RSS for a ARat mobile
assumes that there are two networks with overlappingseri is expressed in dB|’”n as follows

coverage areas. A handoff is initiated if the probability
of unnecessary handoff is less than a certain threshold or RSSw = P, — PLjy (6)
when the difference in the bandwidth between the tw

networks is less than another threshold. c{Nhere P, and PL;; respectively are the transmission

power in dBm and the total path loss in dB.
[1l. SYSTEM MODEL
We now discuss the system model used in this workB. Mobility Model
We start with the signal propagation model and then go |n addition to the popular Random Waypoint model

into the mobility model. (RWP), we propose a variation of RWP to help us gain a
) better understanding of the characteristics of our scheme.
A. Sgnal Propagation Model Below, we discuss both models.

In this work we consider WCDMA networks and The Random Waypoint (RWP) Model is widely used
WLANS. Below, we discuss how to compute the Receiveddue to its simplicity [18]. In this model, the users are
Signal Strength (RSS) for each network type [5, 6, 13]. randomly distributed in the network. Each user randomly
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selects a destination and moves towards it in a straigr
line with constant velocity chosen uniformly from a
predefined rang&ymin, - - . , Umax). When the user reaches
the destination, it stops for a duration known as the paus
time before choosing another destination and repeating th
above steps.

The Random Waypoint with Changing Probability
(RWPCP) Mobility Model is similar to the RWP model
except that the former allows the user to change its
direction of movement and velocity as it moves towards
the destination.

IV. DIRECTION-BASED SCHEME FORVERTICAL
HANDOFF (DSVH)

As mentioned above, the proposed scheme makes use
of many factors while handling the handoff process. First,
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Figure 2. The handoff process in DSVH.
TABLE I.

SIMULATION PARAMETERS.

a handoff decision is triggered whenever the RSS drops

below a predefined threshold. Next, the access device

which the user will be handed off to is selected as follows.

1) The scheme generates a candidate list of access

devices that achieves the RSS threshold.

2) The scheme checks the movement direction of the

mobile terminal by considering a cone with an angle

of 26 around the current movement direction (see

Figure 2). Only access devices that cover this cone

will be considered as future candidates. In other

words, all access devices that do not cover the cone

are excluded from the handoff candidate list. In case

Parameter Values
Simulation area 5000 x 5000 m
Number of APs 12
Number of BSs 7

RSS threshold (WCDMA to WLAN) | -80 dBm
RSS threshold (WLAN to WCDMA) | -85 dBm
Antenna height of BS 30 m

AP transmitter power 20 dBm
BS transmitter power 33 dBm
Cable loss 5 dB
Channel gain 33 dBm
Operating frequency 894 MHz
Background noise power for WLAN | -96 dBm
Background noise power for WCDMA -104 dBm
Bandwidth for WCDMA 5 MHz
Total noise or interference power ovef 16 dB

none of the candidates reside in the cone, then the
scheme moves to step 4. See the appendix for more
detalils.

3)

. . We consider a network of 7 BSs and 12 APs distributed
Each time slot (see Figure 2)the scheme measures o, area 05000 x 5000 m. Previous works [6,11,

the RSS value for the candidate access devicefg] have carefully placed the BSs/APs to maximize the

(RS SN Ew) and compare it to the previous time slot
RSS value RSSorp). If the RSSyew is lower

thanRSSorp,
weaker with the passage of time, ergo, the mobinN
terminal is moving away from the access device

performance of their scheme (see the left side of Figure 2).
. , . We compare the DSVH scheme with SINR-based under
that means that the signal is getting yiq fived topology as well as a more generic topology
here the BSs/APs are uniformly distributed. In the

‘experiments below, we vary the number of mobile users

The scheme eliminates from the candidate list aIIbetween 200 and 600. The users are randomly distributed

access devices that the mobile terminal is movingaCrOSS the network area. At the beginning

each user is

away l;rom. Iﬂ C?SE the ”:j‘?é’"e terr;nnal r']s mor\]nng connected to the BS/AP with the highest SINR value.
away from all of the candidates, then the SChemer,p e | summarizes the different configuration values we

moves to step 4.

4)
to the movement direction line (see Figure 2) of the
mobile user.

From our experiments, we found that choosihg- 30°
gives the best results; the time slot is set to one second.

V. SIMULATION RESULTS

In this section, we present and analyze the experiments
conducted to evaluate the performance of our proposed
scheme, DSVH. We compared DSVH with the SINR-
based scheme since it is one of the newest schemes and it
is known to have higher throughput and lower dropping
ratio compared with other handoff schemes (see Section Il
for more details).

©2013 ACADEMY PUBLISHER

. _used in the simulations. These values were previously
Finally, the scheme selects the closest access devigR \vith the SINR-based scheme of [6,13]

Two metrics were used to compare the performance of
DSVH and SINR-based schemes as follows.

Number of failed handoffs: when a handoff request
by a mobile user fails (request is denied due to
unavailability of free channels at the chosen handoff
candidate) the user is disconnected. Such disconnec-
tions are intolerable in cellular networks. In fact,
users prefer networks with lower bandwidth if they
are more reliable (i.e., have lower disconnection
probability) [6].

Number of handoffs: Reducing the number of hand-
offs is generally preferred as frequent handoffs affect
the network’s throughput and reduce QoS [6].
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Figure 3. Comparison of the number of failed handoffs by DSaftdl SINR-based schemes under various settings.

The simulation results presented in Figures 3 show théhe user (or the Mobile Terminal (MT)) reaches the first
number of failed handoffs for both the DSVH and the handoff point (the red point). The SINR-based scheme
SINR-based schemes under different settings. From thesell handoff to the BS that has the best SINR value,
figures, we can clearly see that the DSVH outperformsvhich is BS5. Moreover, as the MT moves towards its
the SINR-based algorithm in every setting. destination, it reaches the second handoff point (the green

In Figures 3(a) and 3(c), we test both schemes under thgoint), and a second handoff takes place. The SINR-based
two mobility models discussed in Section I1I-B. The av- scheme will handoff to the BS with the best SINR value
erage improvement of DSVH over SINR-based under thavhich is BS;. On the other hand, the DSVH scheme will
RWPCP model is 31%, whereas the average improvemehgehave differently. When the MT reaches the first handoff
under the RWP model is 27%. This is due to the fact thapoint (the red point), the DSVH scheme will nominate
the multiple direction changes allowed by the RWPCPthe access devices that reside in the cone of the MT’s
model give more advantage to the DSVH since it usegnovement direction. So, onlig.S, will be an option for
a more involved algorithm for picking the best handoff handoff and the MT will handoff to it. When the MT
candidate (see Figure 4 and the discussion associated wittaches the green point, the RSS valueBsf, will not
it). From these results, we predict that if we were to takedrop under the threshold and a second handoff will not
a more realistic mobility model, the improvement ratio take place. Informally speaking, since the coverage region
is likely to be higher. We are currently investigating thisin which the MT spends the longest period of time is the
conjecture and the results will be part of our future work.one closest to its movement direction, DSVH’s selection

There are many insights related to why our proposeavill reduce the number of unnecessary handoffs.
scheme, DSVH, outperforms the SINR-based scheme. As for why DSVH causes a smaller number of dis-
Figure 4 depicts one such scenario. In the figure, wheronnections compared to the SINR-based scheme, it can
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Figure 4. Example of when DSVH is better than SINR-basedreehe

283

users under the various scenarios discussed above. Similar
trends appear in these plots as in the ones of Figure 3;
however the improvement ratios are smaller. Note that
throughout Figures 6, where we consider a fixed topology,
the improvement ratio is around 13%. However, when
we consider uniform distributions of the BSs/APs (Fig-
ure 7(a)), the improvement ratio rises to 15%. Moreover,
when the number of BSs/APs is increased to 10 and 15,
respectively, the improvement ratio jumps to 18% (see
Figure 7(b)).

VI. CONCLUSION AND FUTURE WORK

In this work, we propose a new vertical handoff scheme
based on the direction of the user’s movement. Through
extensive simulations, we show that the proposed scheme,
DSVH, outperforms the SINR-based scheme, which is
known to be better than other schemes [6], in terms of

be justified as follows. Consider the central region of the
network and the set of BSs/APs within it. While passing
through this region, the SINR-based scheme will prefeth_
these BSs/APs due to their physical proximity to the MT. :
Thus, most of the MTs passing through this region will
try to connect to the same small set of BSs/APs causin
a high probability of disconnection. On the other hand,
these BSs/APs may not necessarily be the closest to tﬂ\é
movement trajectories for many MTs, and hence, DSV
will have no reason to give them any preference over th
other BSs/APs. This will lead to a more balanced load
distribution and lower probability of disconnection.
Figures 3(b) and 3(d) show that DSVH is better when
decreasing the area té000 x 4000 m. The average
improvements in Figures 3(b) and 3(d) are 31% and
34%, respectively. This is mainly due to the fact that
reducing the area affects both the density of the network(?]
and the mobility of the users (in the sense that the users
will have more frequent movement changes). This alsog
means that the set of handoff candidates will be larger
and the SINR-based scheme will choose the candidate
with the best SINR value which is more likely to be out
of the MT’s movement direction. On the other hand, the [4]
DSVH scheme will have an advantage since it chooses the
handoff candidate that is closest to the line of movement

(1]

the number of failed handoffs. We also show that DSVH
reduce the number of unnecessary handoffs.

In the future, we plan to use the user’s movement
story to predict its trajectory. This should enable the
handoff algorithm to make better decisions especially
hen dealing with cases where the user keeps changing
s movement direction drastically in a zig-zag fashion.
oreover, we are planning to use more realistic mobility
odels as well as network topologies taken from real
ocations of BSs/APs.

REFERENCES

X. Yan, Y. Ahmet Sekercioglu, and S. Narayanan, ‘A
survey of vertical handover decision algorithms in fourth
generation heterogeneous wireless networkdimputer
Networks, vol. 54, no. 11, pp. 1848-1863, 2010.

E. Gustafsson and A. Jonsson, “Always best connected,”
Wireless Communications, |EEE, vol. 10, no. 1, pp. 49-55,
2003.

X. Yan, Y. Sekercioglu, and S. Narayanan, “Optimization
of vertical handover decision processes for fourth genera-
tion heterogeneous wireless networks,” Ph.D. dissertatio
PhD thesis, Australia, Monash University, 2010.

K. Ayyappan and P. Dananjayan, “Rss measurement for
vertical handoff in heterogeneous networkgurnal of
Theoretical and Applied Information Technology, vol. 4,

no. 10, pp. 989-994, 2008.

and thus requires a smaller number of handoffs (see[5] A. Zahran and B. Liang, “Performance evaluation frame-

Figure 4).

Until now, we have been using a network topology with
the fixed BS/AP locations depicted in the left side of Fig-
ure 2. Note that the BSs are placed on a triangular grid ande]
the APs are placed in the middle of the overlap regions
of the coverage areas of the BSs. Such placement is in
favor of the SINR-based scheme. In Figure 5(a), we use a

work for vertical handoff algorithms in heterogeneous
networks,” in Communications, 2005. |ICC 2005. 2005
IEEE International Conference on, vol. 1, 2005, pp. 173—
178.

K. Yang, I. Gondal, B. Qiu, and L. Dooley, “Combined
SINR based vertical handoff algorithm for next generation
heterogeneous wireless networks,” @hobal Telecommu-
nications Conference, 2007. GLOBECOM' 07. |EEE, 2007,
pp. 4483-4487.

uniform distribution of the BSs/APs. The results show that (71 A~ zahran, B. Liang, and A. Saleh, “Signal threshold

under such distribution, the average improvement gain of
DSVH over the SINR-based is about 39%. Now, if we
increase the number of BSs/APs (see Figure 5(b)), the
average improvement gain jumps to 46%. (8]
The plots in Figure 6 show how the number of
handoffs is affected by the increase in the number of

©2013 ACADEMY PUBLISHER

adaptation for vertical handoff in heterogeneous wireless
networks,” Mobile Networks and Applications, vol. 11,

no. 4, pp. 625-640, 2006.

X. Yan, N. Mani, and Y. Cekercioglu, “A traveling dista@c
prediction based method to minimize unnecessary han-
dovers from cellular networks to wlangZommunications
Letters, IEEE, vol. 12, no. 1, pp. 14-16, 2008.



284 JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 5, NO. 3, AUGUST 2013

400

DSVH —%—

» 350  SINR-Based |
5

S 300 | 1
e

S 250 ¢ 1
9

T 200 | ox
= P

g 150 f o 1
€ 100} o 1
2 sl © ]

0 1 1 1 1 1

200 300 400 500 600
Number of users

(a) Random topology with 7 BSs and 12 APS000 x 5000 m area;

RWP model

Number of failed handoffs

400 ‘
DSVH —%—
350 + SINR-Based ,

300 | ]
250 | ]
200 | B
150 | 5 ]
100 ]
sof :

200 300 400 500 600
Number of users

(b) Random topology with 10 BSs and 15 AP$Q00 x 5000 m
area; RWP model

Figure 5. Comparison of the number of failed handoffs by DSafidl SINR-based schemes in random topologies with diffedensities.

4500 DSVH —+—

4000 | SINR-Based 1
3500 | 1
3000 f K
2500 T 1
2000 | o 1
1500 | X 1
1000 | * 1
500 | 1

0 1 1 1 1 1
200 300 400 500 600

Number of users

Number of handoffs

(a) Fixed topology;5000 x 5000 m area; RWP model

4500 DSVH —

4000 - SINR-Based 1
3500 | 1
3000 | K
2500 | X 1
2000 | g 1
1500 | K :
1000 | * 1
500 | :

Number of handoffs

0 1 1 1 1 1
200 300 400 500 600

Number of users

(c) Fixed topology;5000 x 5000 m area; RWPCP model

Number of handoffs

Number of handoffs

4500 DSVH — %

4000 - SINR-Based 1
3500 | 1
3000 | X
2500 | _H 1
2000 t KT :
1500 | ¥ 1
1000 | ¥ 1
500 | 1

0 1 1 1 1 1
200 300 400 500 600

Number of users

(b) Fixed topology;4000 x 4000 m area; RWP model

4500 : ‘
DSVH ——
4000 - SINR-Based 1

3500 r 1
3000 ¢ — 1
2500 r 7 1
2000 r
1500 _ 1
1000 1
500 r 1

0 1 1 1 1 1
200 300 400 500 600

Number of users

(d) Fixed topology;4000 x 4000 m area; RWPCP model

Figure 6. Comparison of the number of handoffs by DSVH andRSbdsed schemes under various settings.
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Figure 8. Movement direction cone determination.
(as mentioned above) we can us@ § = ££ = 0.577 to

get BC = 0.577m. Thus, the coordinateénfor point are

(xc,yc) = (xa + BC,ya + m). Now, the slope of the
line AC is Slopeac = ¥£=¥4 Since the coordinates of

each access technology devicare known,(z;,y;), we
can compute the slope of the ling and if |Slopeac| <
|Slope 4i], theni resides outside the cone (sB&- in the
figure). Otherwise; resides inside the cone (sé&5; in

the figure).
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