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Wireless Networks 

Wireless communication is playing an important role 
in our daily life since it offers flexibility and mobility. 
Currently, there are more than 3.2 billion users and a 
hundredfold increase of traffic is expected by the 
year 2017. In the future, the home and office 
networking environments are predicted to be 
dominated by a variety of multimedia services like 
wireless High-definition and Ultra High-definition 
television (HD and UHDTV), wireless home 
entertainment and virtual wireless offices. In order to 
support these applications, the indoor wireless 
network should provide the user with a transmission 
capacity of hundreds of Mbps using short-range 
Gbps wireless technology and using techniques like 
antenna diversity, beam-forming, sophisticated 
coding schemes, etc. With 5 GHz of unlicensed 
spectrum available at the 60 GHz band, the 
millimeter wave radio at 60 GHz becomes a 
promising air interface for future home networks. 
The wavelength of the 60 GHz band is around 5 mm. 
This is an advantage. 60 GHz antennas are small and 
can be easily integrated 60GHz transceivers for 
portable electronic devices. Moreover antenna-arrays 
for beam forming are also feasible. 

Handoff in Wireless Networks 

Handoff is an important aspect in wireless and 
cellular communication due to the mobility of 
devices. It is the process that allows a user to move 
around while keeping an ongoing call or session on a 
terminal. It does so by changing its current channel 
in the current cell to a new channel in either the 
same cell or in a different cell. Handoff is usually 
transparent to the user, but it directly affects the 
quality of service. A lot of research has been done on 
handoffs in cellular networks and WLAN. However, 
little work has been done on handoff in 60 GHz 

systems. Two types of handoffs are distinguished: 
horizontal handoff and vertical handoff. Horizontal 
handoff occurs when a MS is moving out of the 
coverage of a base station (BS) into the coverage of 
another BS within the same system. Vertical handoff 
is defined as handoff between BSs that use different 
wireless networking technologies, e.g., WLAN to and 
from cellular wireless networks. Handoff is a process 
which maintains continuity of a call or a session of a 
MS while moving in and out of the coverage area of 
different cells. It does so by changing the current 
channel in the current cell into a new channel when 
the MS moves into a new cell.  A handoff scenario, in 
which an MS is connected to a BS, BS1. It moves 
from BS1 to BS2 while in a call. Handoff will be 
performed in the overlapping area between two BSs 
where the MS can receive the signal from two BSs. 
The signal strengths from BS1 and BS2 are measured 
continuously. If the signal strength of BS2 is better 
than the one of BS1 and it can provide the MS with 
the required resources, a handoff decision is made 
and now the MS is connected to BS2. In case, the 
new BS can not support the required resources of 
the connection, the handoff is denied and the 
connection is dropped. The CDP is the possibility of a 
connection being forced to terminate due to the lack 
of resources in the target BS. If a new connection 
access to the target BS is denied, it is called as 
blocked connection. The CBP is the possibility of a 
new connection being denied admission into the 
network. The CDP and the CBP are two fundamental 
QoS parameters in cellular wireless networks. They 
offer a good indication of a network’s QoS in terms 
of mobility. Another important QoS parameter is 
bandwidth (channel) utilization or an effective use of 
bandwidth in a network. In general, a handoff 
procedure has three phases. The first phase is the 
measurement. The result of this phase is the 
measurement report with measurement criteria used. 
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The second phase is the handoff decision, which is 
usually performed by handoff algorithms with 
algorithm parameters and handoff criteria as inputs. 
The third phase is the execution in which the new 
channel will be assigned to the MS and the old 
connection will be terminated with handoff signaling 
and radio resource allocation. In the handoff decision 
phase, if the network makes a handoff decision 
based on the measurement of the MSs at a number 
of BSs, it is called Network Controlled Handoff 
(NCHO). In case the MS makes measurements and 
the network makes the handoff decision, it is called 
Mobile Assisted Handoff (MAHO). When each MS 
completely controls the handoff process, it is Mobile 
Controlled Handoff (MCHO). 

In principle, soft handoff can be used with any radio 
technology, however the cost may be high and the 
support for soft handoff may not be good for 
particular technologies. This is the reason that soft 
handoff is commonly used only in Code division 
multiple access (CDMA). 

 

Figure 1: Handoff in wireless networks 

Vertical Handoff 

Two or more different communication systems are 
interconnected to sustain a seamless connection 
when a MS moves from one network to another and 
achieves the goals of mobility, reducing power 
consumption, extending coverage, offloading and 
low cost, etc. The technical communication systems 
range from wire-line LAN, WLAN, GSM, GPRS, 
Bluetooth, WiMAX, Universal Mobile 
Telecommunications System (UMTS), Long-term 
Evolution (LTE) to LTE Advanced. There are two main 
scenarios in vertical handoffs: moving into the 
preferred network and moving out of the preferred 
network, which are known as moving-in and moving-

out vertical handoffs. Here we state vertical handoff 
as two-fold: handoff from the underlay network to 
the overlay network and handoff back from the 
overlay network to the underlay network. The 
handoff betweenWLAN (underlay network) and GPRS 
(overlay network) is an example of vertical handoff. 
Some investigations of vertical handoff are also 
discussed in the previous sections. The primary 
challenges in the design of the vertical handoffs are : 
- 

 Low latency handoff – to switch between 
networks as seamlessly as possible 

with as little data loss as possible. 

 Power savings – minimizing power drain due to 
being simultaneously active 

on multiple network interfaces. 

 Bandwidth Overhead – minimizing the load of 
the additional information used 

to implement the handoff. 

 Triggering times – determining the exact time to 
trigger handoffs in a wireless channel. It is important 
to predict when a MS disconnects from a BS. 

The vertical handoff process can also be divided in to 
three phases: i) Handoff Initiation: in this phase 
usable networks and available services information is 
gathered; ii) Handoff Decision: this is also called 
network selection. During this phase, the handoff 
algorithm determines which network the MS should 
choose based on multiple parameters; iii) Handoff 
Execution: connections are re-routed to the new 
network in a seamless way. Even though vertical 
handoff has the same basic principles of handoff 
discussed until now, it also deals with other factors 
that must be considered in the handoff decision 
phase for effective network usage. The parameters 
used for handoff decision can be listed as follows: (1) 
network parameters including coverage, bandwidth, 
load balancing, latency, RSS, SIR, monetary cost, 
security and connection time; (2) terminal 
parameters: velocity, battery and wireless interfaces; 
(3) user preferences: profile, cost (billing plans) and 
current user conditions; (4) service capabilities and 
QoS. 
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Handoff Requirements 

Handoff may affect many aspects of wireless 
networks such as, quality-of-service (QoS) and the 
capacity of the network. So there are a number of 
desirable features and requirements to reduce the 
adverse effects of a handoff : - 

 The latency of the handoff must be low. The hard 
handoff should be completed 

in the duration time while the MS passes through the 
overlap between the original cell and the target cell. 
If not, the ongoing call may be interrupted, and the 
MS would not be happy, of course. Thus, the handoff 
should be fast enough so that the user cannot detect 
any degradation of service or interruption during a 
handoff. 

 Minimizing the number of handoffs. Given a 
particular trajectory of a MS, the total number of 
handoffs should be minimal while the ratio of 
successful handoffs to total attempted handoffs 
should be maximized. The higher number handoff is, 
the more probable the handoff call is dropped. 
 Minimizing the effect of handoff on QoS. 
Handoff ensures the mobility of the MS. However it 
also effects on the quality of service (QoS) due to it 
causes call dropping. For example, the probability of 
a new call blocking and dropping a current call 
should be minimized; and the traffic between the 
adjacent cells should be balanced. 
 Reducing the additional signaling. To make a call 
smoothly when the MS handoff from the original cell 
to the target cell, the additional signaling is required 
to exchange information between related cells and 
the system. This amount of signaling can cause a 
reduction in the network throughput.  

Resource Management 

Resources in wireless networks are frequency 
channels, timeslots, code channels, transmission 
power, battery energy, the number of transceivers. A 
good management of radio resources can help 
service providers in saving cost, increasing revenue, 
also increasing quality of service and the 
effectiveness and efficiency of wireless networks. 
Resource management can help handoff in wireless 
networks by reducing handoff drop probability and 
keeping QoS during and after the handoff. The 

bandwidth in a wireless network may be the most 
precious and important resource. When a bandwidth 
reservation is requested or when a channel is 
available, a handoff request can be carried out. A 
simple solution is that each cell should reserve 
fractional bandwidths of its capacity and this 
reserved bandwidth should be used only for 
handoffs and not for the new call request. However, 
the open question is to find how much bandwidth is 
sufficient, while the network also maintains the 
maximum bandwidth utilization and keeps the 
maximum rate of unsuccessful incoming handoffs 
below the acceptance level. 

 

Figure 2: Handoff-related resource management 

The Proposed Handoff Scheme 

In this system, each cell Ci has a total bandwidth of 
BiT units. At time t, Bic(t) is the amount of bandwidth 
consumed by some mobile users in cell Ci. The 
reserved amount of bandwidth of cell Ci for handoff 
calls is Bir (t), and this value depends on the 
reservation mechanism. The available bandwidth for 
all calls at this time for cell Ci is denoted by Bia(t), 
where BiT = Bic(t) + Bir(t) + Bia(t).  All Bic(t), Bia 
(t)and Bir(t) vary with time in each cell. Bandwidth 
required by the mobile user k depends on the service 
s he requests and is denoted as bkreq. The quality of 
the service s is acceptable if the allocated bandwidth 
is in the range of bandwidth: 

bsmin  ≤  bkreq ≤  bsmax. 

The call flowchart in the reservation scheme using 
movement prediction (MPR) in the RoF network. If an 
MS starts a new call in cell Ci (covered by antenna 
ATi). Ci invokes the procedure for new calls to decide 
whether such a call is accepted or blocked. When the 
MS calls, its location and the received signal 
strengths from adjacent cells are measured and 
monitored frequently by the HCC. When the MS is 
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going out of Ci, based on the result of a movement 
prediction algorithm, the HCC defines a set of 
potential target cells to which the MS will handoff. If 
the MS requests to switch to cell Cj , then Cj starts 
the procedure for handoff calls to allocate the 
required amount of bandwidth for the MS or drop its 
handoff call. The potential cells should release the 
reserved bandwidth after the predefined time T if 
there is no handoff call requested to it. In case the 
prediction cells are not correct, the no reservation 
scheme is performed. 

Proposed Work 

The floor plan used in the simulation is given. Walls 
in the buildings are made of concrete and are 10 cm 
thick. The outside walls of the building are 30 cm 
thick. Each antenna (ATi) operating at 60GHz with the 
gain of 0 dB covers only a single room of height 3 m; 
in a large room such as a common room, two 
antennas are located. Assuming that each antenna 
offers its bandwidth of 2 Gb and 20 channels. A 
mobile terminal is 1m high. Radiowave propagation 
simulator (RPS) is used to define areas between cells 
as well as to calculate the received signal strengths 
of the MS at the specific location from antennas. We 
use Random Waypoint Mobility model (RWP) with 
reflection in our simulation; we use speed uniformly 
selected from the range (0.25 m, 2 m). We use the 
RWP model with reflections to generate 1000 
movements. These movements are used as 
movement history for the prediction model to 
predict the next location of the mobile user. The 
prediction model is modeled with hidden states as 
antennas, N = 19. Two classes of service are, s1 
(5Kbps – 200 Mbps) and high definition video on 
demand s2 (100 Mbps – 200 Mbps). The system can 
reduce the required bandwidth of a s1 call to provide 
a s2 call with more bandwidth. The call duration of 
class s is chosen randomly in the range (10 s, 180 s), 
and the call duration of class s2 call is chosen 
randomly in the range (60 s, 600 s). 

 

Figure 3: The call flowchart in RoF network 

In our simulation, the bandwidth reservation is set to 
20% of the whole bandwidth for every cell of the FR 
scheme. Three schemes are simulated with the same 
movement pattern of mobile users. Call arrival rate, 
or the rate of new calls, is calculated as the average 
number of new calls per second per cell (call/cell/s). 
In the simulation scenarios, call arrival rate is in the 
range of 0.01 - 0.1 call/cell/s. A new call is initiated 
from anywhere within a cell with equal probability. 
The parameters calculated for handoff scheme 
performance evaluation are: CDP, CBP, bandwidth 
utilization and the distribution of dropped call 
duration. The CBP is the probability that a new call is 
blocked due to the shortage of resources of the 
original cell. The CDP is the probability that a handoff 
call is dropped due to the shortage of resources of 
the target cell. Bandwidth utilization (BU) is the ratio 
of the used bandwidth in a cell to the whole 
bandwidth given as follows. 

 

Both the CBP and the CDP in the three schemes 
increase when the call arrival rate increases from 0.01 
to 0.1 call/cell/s. In each scheme, both the CBP and 
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the CDP for class s2 is less than these for both 
classes s1, s2 since the first priority is given to the 
class s2. For example, with the MPR scheme, at the 
arrival rate of 0.05, the CBP and the CDP for class s2 
are 10.6% and 3.08% compared to 12.6% and 4.08% 
of the CBP and the CDP for both class s1, s2, 
respectively. 

 

Figure 4: Call blocking probability for class s1, s2  

Due to equal treatment with a handoff call and a new 
call and no reserved resource, the NR offers the 
lowest CBP and the highest bandwidth utilization. 
The NR performs better than the MPR and the FR. 
The amount of bandwidth for new calls in the NR 
may be greater than those of the other schemes. The 
MPR is more effective than the FR because only the 
potential cells reserve the required amount of 
bandwidth for the predicted handoff calls. At the 
arrival rate of 0.01, the CBP of the NR, the FR and the 
MPR are 0.9%, 10.8%, and 1.08% respectively; at the 
arrival rate of 0.1, the CBP of the NR is 25.2% 
compared with 27.9% of the MPR and 44.6% of the 
FR. On the other hand, the NR causes the highest 
CDP while the MPR offers the lowest CDP. At the 
arrival rate of 0.01, the CDP of the NR, the FR and the 
MPR are 3%, 0.85% and 1.36%, respectively. In this 
case, the FR is slightly better than the MPR. When 
the arrival rate is increasing, the CDP of the MPR is 
lower than that of the FR. At the arrival rate of 0.1, 
they are 22.95%, 13.2%, and 7.4%. It can be so, 
because in the NR scheme, the amount of bandwidth 
for handoff calls is lower than that of the other 
schemes; the FR and the MPR. When the call arrival 
rate increases, the number of handoff calls is also 
increasing. Thus, the fixed amount of bandwidth for 
handoff calls in the FR is not enough. 

Conclusion 

Managing resources in RoF networks is difficult 
because handoff occurs frequently due 

to the limited coverage area of 60 GHz transmitters 
and as such smaller overlapping area between 
neighboring cells. The handoff scheme exploiting 
movement prediction of users has been proposed to 
manage resources effectively. The proposed scheme 
performs better than no reservation and the fixed 
reservation scheme in terms of the CDP. With the 
lowest CDP, the MPR can provide mobile users a 
better quality of service experience. 
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