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Abstract: In order to provide ubiquitous communication, seamless connectivity is
now required in all environments including highly mobile networks. By using vertical
handover techniques it is possible to provide uninterrupted communication as con-
nections are dynamically switched between wireless networks as users move around.
However, in a highly mobile environment, traditional reactive approaches to handover
are inadequate. Therefore, proactive handover techniques, in which mobile nodes at-
tempt to determine the best time and place to handover to local networks, are actively
being investigated in the context of next generation mobile networks. Using this ap-
proach, it is possible to enhance channel allocation and resource management by
using probabilistic mechanisms; because, it is possible to explicitly detect contention
for resources. This paper presents a proactive approach for resource allocation in
highly mobile networks and analysed the user contention for common resources such
as radio channels in highly mobile wireless networks. The proposed approach uses
an analytical modelling approach to model the contention and results are obtained
showing enhanced system performance. Based on these results an operational space
has been explored and are shown to be useful for emerging future networks such as 5G
by allowing base stations to calculate the probability of contention based on the de-
mand for network resources. This study indicates that the proactive model enhances
handover and resource allocation for highly mobile networks. This paper analysed the
e�ects of β and α, in e�ect how these parameters a�ect the proactive resource alloca-
tion requests in the contention queue has been modelled for any given scenario from
the conference paper �Exploring analytical models to maintain quality-of-service for
resource management using a proactive approach in highly mobile environments" [9]
(doi:10.1109/ICCCC.2018.8390456).a
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1 Introduction

With the rapid development of mobile communication technologies such as WiFi, femto-cells,
Long-Term Evolution Advanced (LTE-A), Vehicular Ad-Hoc Network (VANET), integration
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of various other wireless networks known as heterogeneous networking (HetNet) has become
necessary to provide the mobile node (MN) with ubiquitous communication. For instance, where,
a MN can connect to a nearby LTE, the calls rejected by LTE networks due to lack of radio
access can over�ow to overlaying WiFi networks, thus reducing the call blocking probability
and improving bandwidth utilization in cellular overlay networks. However, this may result
in frequent forced handover in those areas covered by small cells and leads to extra signalling
overheads [8]. In these environments, traditional handover techniques, which depend on a reactive
approach, have been found to be inadequate because of high speeds as resources must be quickly
allocated and deallocated as the mobile user moves around. Hence, good resource management
must be considered as a key enabling functionality to allow seamless connectivity in highly mobile
heterogeneous environments.

The advent of latest wireless technologies, high data rate multimedia services and heteroge-
neous user equipments, necessitate the development of e�cient techniques for resource manage-
ment in highly mobile heterogeneous environments [15]. In addition, the high mobility between
HetNets may lead to a high number of unnecessary handovers as well as handover failures due
to the user's velocity [6]. Unnecessary handover occurs when the mobile user's dwell time within
the network coverage is less than the handover process from the neighbouring networks to the
system. Thus, the mobile user leaves the network coverage area before the handover process is
executed [20]. This causes network connection interruption, thus Quality of Service (QoS) of the
system degrades. On the other hand, handover failures may lead to data loss, long delays, and
even communication interruptions, which are not tolerable for safety life critical applications such
as accident prevention, emergency and disaster management as required in Intelligent Transport
Systems (ITS) [1].

Proactive behaviour by systems refers to anticipatory, self-initiated and change-oriented be-
haviour in situations. Proactive behaviour involves acting in advance of a future situation, rather
than just reacting. It means taking control and making things happen rather than just adjusting
to a situation or waiting for something to happen. Therefore, this proactive approach helps
any system to perform better than a reactive approach [17]. It is very important to provide a
seamless service to all the users in a network and therefore, these users and their contention for
resources have to be looked in detail. In this context, client-based handover can be more e�cient,
since the metrics for the handover decision mechanism can be monitored by the user equipment
(UE) from its wireless interfaces and can be used to decide to trigger the handover. In addi-
tion to the need for new handover decision mechanisms, there is also a need for better resource
reservation mechanisms due to varying tra�c characteristics, QoS application requirements and
wireless channel conditions at the access point (AP). E�cient resource management is needed to
optimize the performance of a wireless network because only a limited number of simultaneous
calls can be hosted by a wireless cell. Therefore, incoming handover calls and new calls should
not compromise the quality of the ongoing calls in the cell. Traditionally, user contention has
been used to analyse the need for speci�c resources such as radio channels by mobile users. How-
ever, it is possible to use this contention to proactively manage these resources. Implementing
the appropriate pre-planned resource allocation when the system state changes are known as
proactive resource management. It provides the ability to specify end-to-end QoS quickly and
to determine whether the speci�ed QoS can be provided in advance of when these resources will
be required [3].

Y-Comm is an architecture that has been designed to build future mobile networks by in-
tegrating communications, mobility, QoS and security [13]. The researchers of Y-Comm have
explored new parameteres such as time before handover (TBH) and network dwell time (NDT)
as shown in Figure 1 [18]. These two parameters was introduced in [16] and are used to provide
a new proactive approach for handover and resource allocation in heterogeneous environments.
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Figure 1: Illustrating time before handover (TBH) and network dwell time (NDT)

Thus, in this paper, possible contention probabilities are considered and operational areas
are explored for certain scenarios using an analytical modelling approach. No contention, partial
contention and full contention are three possible contentions that are considered based on two
key parameters i.e., time to get resource (T) and resource hold time (N). T is the time when
actual resource requested is available for use i.e., even after entering the network's coverage
range with a successful soft handover, the resource required by the MN might not be available,
for example, other users might be holding the resource. N is the resource usage time or when
actual exchange of data is taking place. Thus, in order to achieve seamless handover in highly
mobile environments, it is important to predict the resource availability considering T and N.

This paper extends the conference paper [9]. The key additions of this journal version are
as follows. It adds more on methods to formulate β and α more accurately for any given
scenarios. A proactive approach used in [9] is analysed for resource allocation to formulate β and
α by investigating all contention probabilities for channel access to a wireless network, results are
obtained and veri�ed using analytical models. The proposed model and results presented improve
the capacity and services delivered by mobile networks. The rest of the paper is organized as
follows: Section 2 includes and describes more related works. Section 3 gives details of resource
allocation and contention in highly mobile environments. Section 4 gives a detailed description
of our proposed model with the derived Markov queuing model for the new proactive approach
and Section 5 shows the results and e�ects of β and α. Section 6 concludes and gives the future
direction of the work.

2 Related work

Bandwidth is an extremely valuable and scarce resource in mobile networks. Therefore, e�-
cient mobility-aware bandwidth reservation is necessary to support multimedia applications (e.g.,
video streaming) that require QoS. Several research e�orts were carried out looking at routing,
security and applications for highly mobile environment but very few addressed handover and
resource allocation issues.Recent works in [2] and [11] clearly show that researchers are inter-
ested in proactive handover or predictive handover mechanisms, however these e�orts considered
parameters like user preferences, user location and application requirements.

Several studies of the vertical handover procedure, mobility management and common radio
resource management schemes in heterogeneous environments have been reported in the literature
[5,21,24]. These studies show that there are several dynamic factors that must be considered in
vertical handover decisions for e�ective network usage including policies to determine whether or
not to handover should occur as well as mechanisms to determine the best network to handover.

The work in [4] has proposed a model for enhancing the modelling of vertical handover in
integrated cellular and wireless local area network environments. In addition, in [10] an intelli-
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gent handover decision approach is proposed to minimize the handover failures and unnecessary
handovers whilst maximizing the usage of resources in highly mobile environments. On the other
hand, QoS and Carrier to Interference-and-Noise Ratio (CINR) are some common metrics that
must also be considered in this context. Any proposed solution must also be scalable because
in the future the MN may have the ability to handover to hundreds of possible target networks.
In this context, client-based handover can be more e�cient, since the metrics for the handover
decision mechanism can be monitored by the UE from its wireless interfaces and can be used to
decide to trigger the handover [23]. Knowing the velocity and current position of an MN could
help to estimate where the MN is heading, thus the next position of MN where handover might
be performed can be predicted.

Proactive handover in which the MN actively attempts to decide when and where to han-
dover has been shown to be an e�cient handover policy mechanism to minimize packet loss and
service disruption as an impending handover can be signalled to the higher layers of the network
protocol stack [12]. A mobility prediction scheme for MNs was proposed in [14]. Probability and
Dempster-Shafer processes were applied to predict the likelihood of the next destination based
on the user's habits (e.g., frequently visited locations). In addition, second-order Markov chain
process was applied at each road junction for predicting the likelihood of the next road segment
transition, given the direction to the destination and the path from the trip origin to that spe-
ci�c road junction. A proactive unnecessary handover avoidance scheme was proposed in [22]
for the LTE-A small cells. Unnecessary handover was avoided by calculating the probability of
the active time during the dwell time in one cell and comparing the same to �nd if pre-de�ned
threshold exceeds certain value. Here, a model to estimate the dwell time in the small cell was not
considered. In [7], Fernandez et al. highlighted the need for a decision mechanism for choosing
an appropriate point of attachment for high mobility nodes.

All studies above suggested resource management as well as handover guidelines in order
to achieve seamless communication in high mobility environments. However, in this paper the
work in [9] has been extended and analysed the request not being a�ected and staying in queue
considering all possible contention probabilities in highly mobile environments based on the time
the mobile user needs to acquire network resources before the handover.

3 Resource allocation and contention in mobile networks

In the era of increasing connectivity, wireless networks are gaining importance in several
applications. One of their obvious bene�ts is the support of mobile users. In complex network
infrastructures consisting of many APs, seamless connectivity becomes an important aspect
because many applications rely on real-time communication and therefore need seamless handover
between APs. If there is a decrease in quality the connection below a minimum threshold then
the connection is lost, and the client must scan the wireless channels and look for a new AP in
order to establish a new connection. The scanning procedure typically takes a long time and thus
prohibits seamless connectivity [6]. Most of the analysis on handover and resource allocation was
service oriented and it is important to look into the impact on individual users based on their
mobility and dwell times in a network.

In mobile environments it is also necessary to understand why contention should be considered
and this can be done by looking at classical approach to analyse the performance of mobile
networks. Classical handover occurs when a MN changes its points of attachments (PoA) from
the current wireless network to another network using a reactive approach i.e., the handover is
initiated only after the MN is within the network coverage of the next wireless network. Classical
handover uses a reactive approach i.e., when the MN is moving away from the area covered by one
cell and entering the area covered by another cell the call is transferred to the second cell in order
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to avoid call termination when the MN gets outside the range of the �rst cell. In this approach
in order to start the handover, the MN should be in the coverage range of the second cell and
has to exchange the relative information to start the handover and complete the handover before
exiting the �rst cell.

There are a number of parameters that need to be known to determine whether a handover
is required. The signal strength of the base station (BS) with which communication is being
made, along with the signal strengths of the surrounding stations. Additionally the availability
of channels also needs to be known. The MN is obviously best suited to monitor the strength of
the BSs at its location, but only the cellular network knows the status of channel availability and
the network makes the decision about when the handover is to take place and to which channel
of which cell [24].

Accordingly, the MN continually monitors the signal strengths of the BSs it can hear, in-
cluding the one it is currently using, and it feeds this information back to the BS. When the
strength of the signal from the BS that the MN is using starts to fall to a level where action
needs to be taken then the cellular network looks at the reported strength of the signals from
other cells reported by the MN. It then checks for channel availability, and if one is available
it informs this new cell to reserve a channel for the incoming MN. When ready, the current BS
passes the relevant information for the new channel to the MN, which then makes the change.
Once there the MN sends a message on the new channel to inform that it is now within the
coverage of the new network. If this message is successfully sent and received then the network
shuts down communication with the MN on the old channel, freeing it up for other users, and
all communication takes place on the new channel.

Under some circumstances such as when one base transceiver station is nearing its capacity,
the network may decide to hand some MNs o� to another base transceiver station they are re-
ceiving that has more capacity, and in this way reduces the load on very busy the base transceiver
station. Hence, access can be opened to the maximum number of users. In fact channel usage
and capacity are very important factors in the design of a cellular network.

In [10] a service oriented approach for MNs is presented, considering that the services will
be resumed as soon as the MN moves to a di�erent network. But the work did not focus on
the resources available at the AP or BS and the e�ects of mobility in acquiring this resource.
Understanding this e�ect is very important as the MNs would be waiting to acquire a channel
and might move out of the current network due to mobility without service. The problem
with the classical handover approach is that the AP/BS does not know in advance the network
requirements of MNs heading towards it. Due to this the MN even after entering the network
coverage, it will have to wait until the resource becomes free. In a highly mobile environments,
MNs will have less time to spend in a network coverage therefore, the AP/BS has to anticipate
the network conditions much before based on the MNs about to reach its network in order to
have an e�ective resource utilization.

3.1 Network coverage parameters for mobile networks

In this work we are further exploring and rede�ning the communication range segments [15]
as shown in Figure 2 which can be put into e�ective use for achieving both proactive handover
and resource allocation for a highly mobile environment.

Figure 2 shows a more advanced scenario in which three consecutive overlapping wireless
networks are segmented based on various key time variables which can be used to enhance
handover and resource allocation. Time before handover (Υ) is the time after which the handover
process should start and Time to handover (~) is the time before which the handover to next
coverage range has to be completed, if not it will result in a hard handover. Network Dwell
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Figure 2: Communication range segmentation

Time (ℵ) as de�ned in Y-Comm Framework is the time MN will spend in the coverage i.e.,
the Network Dwell Distance (NDD) of new network. Time to get resource, T is the time when
actual resource requested is available to the requested user i.e., even after entering the network's
coverage range with a successful soft handover, the resource required by the MN might not be
available, for example, other users might be holding the resource. Resource Hold Time, N is the
resource usage time or when actual exchange of data is taking place. Handover Prepare Time (%)
is the time taken to prepare for handover during which the resource usage or data transmission
will be paused and will be resumed after successful handover to the new network. Usually ~ and
% are very small compare to the values of other segments and therefore, T can be approximately
equal to Υ if there are resources available in the new network, i.e., if there is no contention.

With the knowledge of these coverage parameters, it is possible to enhance the resource
management based on the user contention for resources in a mobile network with proactive
handover. A new proactive resource allocation based on the user contention to acquire a wireless
channel resource is presented in the following section.

4 The proposed analytical model for proactive resource allocation

This section presents the proposed model to maintain QoS for using proactive resource man-
agement approach in highly mobile environments. In this paper, all the possibilities of contention
interaction i.e., no contention, partial contention and full contention have been explored to show
the practicability as well as the operational spaces of the overall system for highly mobile users
in cellular system. These interactions may result in a request leaving the contention queue due
to full contention with a subsequent request or the request in queue may be rearranged due to
partial contention. The contention queue only queues requests before the MNs reach the next
network. Once the MN reaches the relevant network, its channel request in the contention queue
will be placed in the channel allocation queue. The proposed proactive resource allocation model
is shown in Figure 3.

In the proposed approach, the decision algorithm decides whether the MN's request will be
admitted to the system based on values of T and N of all the MNs requesting a channel. There are
three possible contention possibilities that a�ect mobile users in this scenario. The probability
of full contention before entering the queue is given as α. In addition, the probability of full
contention occurring in the contention queue can be expressed as β. Finally, partial contention
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Figure 3: Proactive resource allocation queuing system with β and α

in the contention queue can be expressed as θ and this may result in modi�cation of the request
and/or re-ordering of request in the contention queue. Since θ does not involve in leaving the
contention queue therefore, it will have no overall e�ect with respect to the rate of transfer to the
channel allocation queue in this paper. The formulation of θ and validation is still in progress
and will be considered as a future work.

4.1 The proposed proactive Markov queuing model

The proposed proactive resource allocation queuing model considers S number of channels
and can allow i requests at time t. Q is the queueing capacity of the proposed system. The
arriving requests may be sent from di�erent MN to the system. It is assumed that the originating
calls can join the system with an arrival rate of λO. Similarly, the handover calls can join the
system with an arrival rate of λH . Hence, the total arrival rate is λ=λH+λO. According to [25],
for a two-dimensional �uid model, the arrival rate of handover calls can be obtained as follows:

λH ≈
µm
µs
λO (1)

Hence, the inter-arrival time of consecutive task follows the Poisson process which can be dis-
tributed as an exponential distribution with arrival rate λ=λH+λO.

λ =

S∑
i=1

λi (2)

If there is no full contention in the contention queue, the mobile calls can join the system with
an arrival rate of λ(1 − α). Thus, scheduling and arrangement of requests take place and the
total e�ective arrival rate can be calculated as:

λeff = λ(1− α) ∗ (1− β) (3)

Figure 4 shows the state diagram of the proposed model. Let's de�ne the states i (i=0,1,2,· · · ,S+Q)
as the number of requests in the system at time t.

P0 P1 PSP2 PS+Q…... …...

µs+µm 2(µs+µm) S(µs+µm) Sµs+(S+1)µm Sµs+(S+Q)µm

eff eff eff eff eff eff

3(µs+µm)

Figure 4: State diagram of the proposed approach

In proposed model, T and N are exponentially distributed with a mean rate of µs and µm,
respectively. µm can be calculated based on the literature in [9, 10, 25]. Equation 4 is used in
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the literature for the dwell time in wireless and mobile systems [10,19,25] for handover queuing
models. Thus, µm can be calculated and described as follows:

µm =
E[ν] · L
π ·A

(4)

where, E[ν] is the average velocity (ν) of MN, L is the length of the perimeter of cell (a cell with
an arbitrary shape is assumed), and A is the area of the cell. Hence, the total channel holding
time of a call is exponentially distributed with mean 1/(µs + µm). If there are fewer than S
requests in the system, i < S, only i of the S channels are busy and the combined service rate
for the system is i(µs + µm) or Sµs + iµm if S ≤ i ≤ S +Q as shown in Figure 4.

µi =


i(µs + µm) 0 ≤ i < S

Sµs + iµm S ≤ i ≤ S +Q
(5)

ρ is the tra�c intensity in the system, where ρ = λeff/(µs + µm). As the requests are rejected
from entering the system (α) and requests in the contention queue can also be removed (β) due
to full contention with subsequent requests. Assuming a system in a steady state, the state
probabilities, Pi's, can be obtained as in equation 6. Pi is the probability that there are i calls
in the system.

Pi =



ρi

i! · P0 0 ≤ i ≤ S

ρS

S!
·λi−Seff ·P0

i∏
j=S+1

[Sµs+(j−S)µm]

S < i ≤ S +Q (6)

In Equation 6, Pi is the probability that there are i calls in the system. P0 can be de�ned as
follows:

P0 =


S∑
i=0

ρi

i!
+

S+Q∑
i=S+1

ρS

S! · λ
i−S
eff

i∏
j=S+1

[Sµs + (j − S)µm]


−1

(7)

The mean queue length (MQL) i.e., the average number of requests in the system can then be

calculated as MQL =

S+Q∑
i=0

i · Pi.

MQL =


S∑
i=0

iρi

i!
+

S+Q∑
i=S+1

i · ρ
S

S!
· λi−Seff

i∏
j=S+1

[Sµs + (j − S)µm]

P0 (8)

Similarly, the blocking probability (PB), throughput (γ) and mean response time (MRT) of the
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system can be calculated as follows:

PB = P (S +Q) =

ρi

S! · λ
Q
eff · P0

S+Q∏
j=S+1

[Sµs + (j − S)µm]

(9)

γ =

S+Q∑
i=0

i · µiPi (10)

MRT =
MQL

γ
(11)

4.2 Request management in the contention queue

An example of the proactive resource allocation in queue is shown in Figure 5. Let us consider
a simple queue and requests with (T,N) arrive to the queue as shown in Figure 5. ReqA arrives
with (10,10) in seconds to the contention queue, the decision algorithm checks the queue and
ReqA is queued at the front as the queue is empty.

DReqA(10,10)

D

D

D

ReqB(15,10)

ReqC(22,2)

ReqD(3,3)

ReqA

(10,10)

ReqA

(10,10)

ReqA

(10,10)

ReqD

(3,3)

ReqB

(20,5)

ReqB

(20,5)

ReqA

(10,10)

ReqB

(20,5)

DReqE(7,14)
ReqD

(3,3)

ReqB

(21,4)

ReqE

(7,14)

Drop ReqC

Drop ReqA

Figure 5: An example of proactive resource allocation management in queue

Now ReqB arrives with (15,10) and the time when it needs the channel and is when ReqA
will still be using the channel resulting in partial contention for ReqB. Because, ReqA release
the channel at the end of 20. Therefore, ReqB is modi�ed to TB = 20 and NB is modi�ed to
(15 + 10) − 20 hence, the modi�ed request for ReqB is (20,5). ReqC now arrives with (22,2)
however ReqB will release the channel at 25 which means that ReqC will never get the channel
and therefore it is not admitted to the contention queue due to full contention. A rejection
reply is sent to Node C causing it to do an immediate handover to another network. Now ReqD
arrives with (3,3), there is no contention with ReqA or ReqB and therefore, it is placed at the
head of the queue since TC + NC < TA i.e., 6 < 10. ReqE arrives with (7,14) this results in no
contention with ReqD, full contention with ReqA and hence ReqA is ejected from the contention
queue because TE < TA and TE +NE > TA +NA. ReqB experiences partial contention and hence
the request is modi�ed accordingly.

4.3 Useful service vs mobile service

Since the MN can leave the queuing system due to service (µs) or due to mobility (µm), it is
necessary to distinguish these two events to properly re�ect the performance of the system. We
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therefore de�ne two concepts which are important in a mobile environment. The �rst is useful
service in classical handover, Usc, where the MN leaves the system after using the channel. When
the MN leaves the system due to mobility and is not served by the channel, this is called Mobile
Departure or Service, Umc. For the classical case, we can represent these parameters as follows:

Usc =
Sµs

Sµs +Qµm
, Umc =

Qµm
Sµs +Qµm

(12)

We say that a system in which Usc > 0.5 represents that 50% of the overall service rate is due to
the channel being used, while Usc < 0.5 represents under utilization because most of the overall
service rate is due to MNs leaving the system due to mobility. These concepts are applied to
give a better understanding of the e�ects of mobility.

The system parameters used are taken from [9] for consistency. The system has a �xed
number of identical channels: S = 12. Q is the queuing capacity, which represents the number
of requests waiting for service and is limited to 100. The service rate of the system µs is 0.01
requests/sec. The average speed of the MN and the radius of the network are taken as 10km/h
to 80km/h and 1000m for all calculations, respectively. The rates are translated into requests
per second in order to use consistent values.
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Figure 6: Useful service vs mobile service

We can observe from Figure 6 that as the velocity of the MN increases, the useful service
of the system is signi�cantly reduced and the mobile service is increasing. This means that the
number of MNs which are moving out of the network due to mobility without being served is
increasing. Hence, in mobile networks it is necessary to take into account the mobility aspects to
ensure e�ective resource management, so that we can optimize the useful service of the channels.
In these environments most users will leave the system without being served resulting in poor
user experience as well as poor system performance. The key observation is that because of the
reactive approach in the classical model, MNs can queue for a channel with no hope of getting
the channel while they are in the coverage area of the network. As a result this is useless waiting
and if this inability to obtain a channel can be signalled to the MN before queueing for the
channel then it would allow the user to immediately look for an alternative network and hence
would improve the Quality of Experience (QoE) as well as the overall system performance. This
means that the analysis of contention between di�erent MNs has to be analysed in detail so that
only MNs that have a chance of getting the channel should be queued for service.
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5 Results and discussion

This section presents numerical results in order to show the accuracy and e�ectiveness of the
proposed analytical model of the proactive approach to improve resource allocation in highly
mobile environments. In addition, the results obtained are analysed and formulated for β and
α by investigating all contention probabilities. The system parameters used are mainly taken
from [9] and relevant literature [10, 19]. The system has a �xed number of identical channels:
S=12 and the queue capacity is 100. It is assumed that the moving direction of the mobile users
can be detected by the BS/AP using a control channel. In addition, a mixed tra�c pattern is
also assumed, as in [9] where on average a minimum of 2 slots are 0.5 ms. Hence, the rates
are translated into request per second in order to use consistent values. The service rate of the
mobile users µm is calculated using Equation 4. The requests are entering the system due to the
proposed contention system with arrival rate λeff .

5.1 E�ects of α and β

The focus of the paper is to understand the e�ects of β and α by investigating all contention
probabilities together with the operative area of various parameters to maintain QoS for resource
management. In [9] all possible contention probabilities are considered with di�erent scenarios.
However, more accurate results of a request not being a�ected by β and α are analysed and
presented. In addition, 3D graphs are also generated in order to see a complete picture for such
systems. The parameters taken for the rest of the �gures are; S=12, Q=100, µs=0,02(reqs/sec),
E[ν]=50km/s and R=1000m, unless stated otherwise.

Figure 7: MQL results vs α with di�erent β

The �gure 7 shows MQL results as a function of α considering all full contention probabilities
occurring in the queue (β) for a light tra�c loads (e.g, λ=0.5). The �gure clearly shows the
importance of β. Even though, the system has a light tra�c loads, the MQL increases without
considering β. However, the MQL decreases as β increases. This is due to the full contention
occurring in the queue. MNs are not allowed to the system since they will not have enough time
to get service. MNs carry on their journey without entering the system.
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(a) Mean queue length (b) Throughput

Figure 8: 3D representation of all contention probabilities for λ=1.7

Hence, the operational area of the MNs in acquiring a resource is shown in Figure 8 for high
tra�c loads (e.g., λ=1.7) in 3D. For instance, the system is almost full (MQL=110.98 reqs/sec)
when there is no contention (β=α=0). However, considering both contention probabilities the
decision of acquiring a resource for MNs can be e�ciently achieved by analysing the results in
Figure 8. The Figure 8a shows that, the MNs start to line up when β=0.6 and α=0.7 for high
tra�c loads (e.g., λ=1.7). However, the MNs can get a channel even when the contention queue
is fully loaded. In addition, when the full contention probability in the queue is high in the
system, it a�ects the overall performance signi�cantly. For instance, the MNs can get a channel
when β=0.7 regardless of α. On the other hand, in order to obtain optimum QoS, the system
performance depends also on α values for low values of β. The throughput results are shown in
3D in Figure 8b considering all possible contention probabilities. The results indicate the drop in
the throughput of the given both tra�c loads since more requests are removed from the system
due to contention. In other words, the throughput decreases as MNs leave the system considering
the contention probabilities. However, this improves the overall network performance as these
requests can be dealt with by other networks.

(a) MRT vs α (b) 3D representation of MRT for λ=1.7

Figure 9: Mean response time results for all contention probabilities

The Figure 9a shows MRT results as a function of α considering various full contention
probabilities occurring in the queue (β) for di�erent tra�c loads (e.g., λ=1, 1.7). As clearly seen
from the �gure, the best MRT results can be obtained for high value of β. When β=0.9, the all
MNs can get a channel regardless of α. Even though the system has moderate tra�c loads (e.g.,
λ=1) the full contention probability in the queue is important parameter of getting a resource
in such system. This can be clearly seen in Figure 9b.

5.2 Probability of a request staying in the contention queue

In the queueing analysis presented in previous section, α and β values are assumed. In order
to utilize the proposed proactive approach, a model has to be developed to obtain the probability
of a request not been a�ected by α and β. It is known from the standard queueing analysis for
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a system of k nodes:

Pn = ρn
1− ρ

1− ρk+1
(13)

Where, ρ is the tra�c intensity (λ/µ), k is the size of queue and n is the number of request in
the system.

Arrival to 

Contention Queue

Full Contention

in Queue

(1- )(1- ) 

= eff

(1- )

(1- )

Figure 10: Proactive contention queue

It can be assumed that the proactive contention queue as a simple M/M/1/k queue. Here,
we are interested only to �nd out the probability of a given request staying in the contention
queue and not be a�ected due to β. Here the arrival rate to the contention queue is λ(1−α) and
service rate is β as we are only interested in the requests a�ected by β as shown in Figure 10.
Therefore, ρ can be represented as:

ρ =
λ(1− α)

β
(14)

Therefore,

Pn−1 = ρn−1 1− ρ
1− ρk+1

(15)

Here, the number of requests in the system becomes n− 1 as there are no entries in the server.
In order to �nd the probability of a given request staying in the contention queue without being
a�ected by β, A request needs to satisfy three conditions:

� The new incoming request occupied the N th position in the queue, i.e., last position of the
queue.

� New incoming request is having a full contention with an entry at the N th position and
pushing that entry our of the queue.

� New request after occupying a place in the queue is not a�ected by the subsequent new
incoming request.

Here, let us assume that PAFull is the probability of full contention for incoming request A.
PBFull is the probability of full contention for the requests in contention queue and here an average
velocity is considered. PCFull is the probability of full contention for a new subsequent incoming
request C after A.

� (1−PBFull)N−1 is the probability that request A occupies the N th position in the contention
queue and it is not colliding with any other request before it.

� (1 − PAFull)N−1PAFull is the probability that request A do not collide with the request in
front of N th position but does collide with the request already occupying the N th position.

� 1 − [(1 − PCFull)N−1PCFull] is the probability of the request A not getting booted out by a
new subsequent request entering the queue i,e C.
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Therefore, all these three conditions can be represented as shown in Equation (16) to calculate
the probability of a request staying in the queue and not been a�ected by β.

n=k∑
n=1

{[((ρn−1)(1− ρ)

1− ρk+1
(1− PBFull)n−1

)
+
(m=k∑
m=n

ρm(1− ρ)

1− ρk+1
(1− PAFull)m−1PAFull

)]
×(

1− (1− PCFull)n−1PCFull

)}
× (1− PBFull)

(16)

For example, let us consider T for MNA is 10s and MNB is 60s. N for MNA is 20s and MNB is
30s. The resulting probability of full contention based on our two node model: PAFull = 0.085714,
PBFull = 0.064286 and let us assume PCFull = 0.2. Probability of a request not a�ected by β for
k = 1 is 0.68635, k = 20 is 0.45405 and N = 80 is 0.75405. Calculating β accurately is very
important so that the requests leaving contention queue due to full contention can be served by
an alternative network. Since, β is dependent on the values of N and T of each request in the
queue and new incoming request, therefore, a detailed analysis is required to accurately model
β. By using this approach, it is possible to achieve seamless communication.
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Figure 11: Probability of a request not being a�ected by β

Let us consider TA and TB are both 20s. MNA is moving at a velocity of 30Mph and average
velocity of the requests in the contention queue as 10Mph. Therefore, for network the PAFull
is 0.094055 and PBFull which is the probability of full contention for the requests with average
velocity in the queue is 0.346165. Let us assume PCFull as 0.2. Therefore, we can �nd the
probability of request A staying in the queue using Equation (16) and the resulting graphs for
di�erent ρ values from 0.1 to 0.9 and ρ values from 1.1 to 2 are shown in Figure 11a and 11b,
respectively. From the result we can observe that as ρ increases the probability of a request being
a�ected by β, resulting in not reaching the channel queue increases. In other words, probability
of a request not being a�ected by β deceases as shown in Figure 11. In addition, it is clearly
seen from the Figures 11a and 11b that k a�ects the system performance signi�cantly especially
for highly loaded system.

6 Conclusion and future work

Analytical models for a proactive system where the users contend for resources with a thor-
ough analysis has been presented. These models have yielded two key parameters, β and α, that
have to be calculated to e�ectively use the proposed proactive approach. It has been shown that
if these two parameters are identi�ed then we can ensure that each users in the system will be
e�ectively served by at least one of the available network. This can be achieved by using vertical
handover to alternative network if an user is about to experience a full contention in the target
network. To the best of our knowledge there is no study that has modelled a proactive model in
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the context of users contending for resources based on their mobility. With the results showing
that the proposed approach is outperforming the classical model. The application of the work
and approach in a Middlesex VANET testbed is the future work.
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