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Abstract: In this paper we study a mobility-aware call admission control algorithm in a mobile
hotspot. To this end, a vehicle is considered which has an access point with a fixed capacity. The
vehicle alternates between stop and moving phases. When the vehicle is in the stop phase, it services
new and handover calls by prioritizing them via a probabilistic bandwidth reservation (BR) policy.
Based on this policy, new handover calls may enter the reservation space with a predefined proba-
bility. When the vehicle is in the moving phase, it services new calls only. In that phase, two different
policies are considered: (a) the classical complete sharing (CS) policy, where new calls are accepted
in the system whenever there exists available bandwidth, and (b) the probabilistic BR policy. De-
pending on the selected policy in the moving phase, we propose the probabilistic BR loss model (if
the CS policy is selected) and the generalized probabilistic BR loss model (if the probabilistic BR
policy is selected). In both stop and moving phases, where the call arrival process is Poisson, calls
require a single bandwidth unit in order to be accepted in the system, while the service time is
exponentially distributed. To analytically determine call blocking probabilities and the system’s uti-
lization, we propose efficient iterative algorithms based on two-dimensional Markov chains. The
accuracy of the proposed algorithms is verified via simulation.
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1. Introduction

Call admission control (CAC) is a significant quality of service (QoS) mechanism in
contemporary networks, not only because it controls the access to the bandwidth units
(b.u.) required by new mobile users but also because it provides fairness among different
mobile applications and at the same time affects the QoS of in-service calls [1-4].

Considering call-level traffic in wireless networks, such a QoS mechanism is a re-
source sharing policy that affects call blocking probabilities (CBP) of both new and hand-
over calls. The term CBP refers to the blocking of new or handover calls due to the una-
vailability of b.u. To reduce CBP (especially of handover calls), various bandwidth shar-
ing policies exist in the literature, with the most common being the guard channel or
bandwidth reservation (BR) policy [5-12]. The main characteristic of the BR policy is that
it introduces a priority to handover calls by reserving b.u. in favor of them. On the other
hand, such a reservation usually results in a significant CBP increase of new calls [13-16].

We focus on a CAC mechanism proposed in [7] that is based on the BR policy and is
applied on a mobile hotspot. The work of [7] considers a vehicle that has an access point
(AP) installed on it with a wireless local area network (WLAN) capacity of C b.u. The
vehicle can be in two different phases: (a) in the stop phase and (b) in the moving phase.
During the stop phase, a vehicle remains in a location (e.g., a station area) and can accom-
modate two different types of users: new and handover users. New users may initiate a
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call when they enter the vehicle. On the other hand, handover users have an ongoing call
and perform a handover from a NodeB (NB) to the vehicle’s AP. To favor handover users,
in terms of reduced CBP, a part of the C b.u. is reserved for them. During the moving
phase, only new calls can be generated. To this end, two policies have been studied in that
phase. They are: (i) the classical complete sharing (CS) policy, where b.u. are provided to
a new call if they exist at the time of the call’s arrival, and (ii) the BR policy, where a part
of the C b.u. cannot be accessed by new calls (although handover calls are not generated
during the moving phase), a fact that substantially increases the CBP of new calls. In both
phases, calls require a single b.u., follow a Poisson process and have an exponentially dis-
tributed service time. The main target of [7] is the CBP determination in the stop and mov-
ing phases, as well as the computation of the system’s utilization with the aid of a 2-D
Markov chain analysis. The reason behind the usage of a two-dimensional Markov chain
lies in the fact that two phases (the stop and the moving) exist in the model and interact
with each other. A model similar to [7] has been proposed in [6] and recently improved in
[17]. In [6,17], the stop and moving phases are treated independently. Such a fact simpli-
fies the corresponding Markov chains as well as the necessary analytical CBP calculations
(which are based on the classical Erlang B formula [18,19]), but may lead to analytical CBP
results that are not always close to the corresponding simulation results. The idea of the
stop-moving phases may also be considered for the CBP determination in the more de-
manding framework of high-speed railway communications, but this is still an open re-
search issue [20-22].

In this paper, we extend the work of [7] by proposing a probabilistic BR policy that
can be applied to new calls (either in the stop or in the moving phase) with a predefined
probability that can be different for each phase. The reason behind studying such a prob-
abilistic BR policy is the following: when the “strict” BR policy is applied to prioritize a
certain type of call, it can lead to a substantial CBP increase in other types of calls that
share the same b.u. [17-19,23,24]. To this end, the advantage of adopting such a policy,
compared to the classical CS and “strict” BR policies, is that it provides a flexible way to
alter CBP of both new and handover calls by changing the BR policy probabilities. Besides,
it is significant, from an engineering point of view, to have a simple and yet efficient al-
gorithm for the computation of CBP under the probabilistic BR policy. Note that such an
algorithm has not been presented in [7] for the determination of CBP.

Based on the above, the contribution of our paper is summarized as follows: (i) we
propose the probabilistic BR loss model where the probabilistic BR policy is applied only
to new calls during the stop phase; (ii) we propose an iterative algorithm for the determi-
nation of the steady-state probabilities that are essential for the computation of the various
performance measures (CBP and system’s utilization); (iii) we extend the previous model
by proposing the generalized probabilistic BR loss model, where the probabilistic BR pol-
icy is applied to new calls in both stop and moving phases; and (iv) we propose an itera-
tive algorithm for the computation of the steady-state probabilities and the various per-
formance measures.

This paper is organized as follows: In Section 2, we propose the probabilistic BR loss
model, describe the analytical model (Section 2.1), propose an iterative algorithm for the
determination of the steady-state probabilities (Section 2.2) and propose formulas for the
determination of the various performance measures (Section 2.3). In Section 3, we propose
the generalized probabilistic BR loss model. In Section 4, we present simulation and ana-
lytical results so as to validate the accuracy of the proposed formulas. We conclude in
Section 5. In Appendix A, a tutorial example is presented with the intermediate calcula-
tions of the iterative algorithm in the probabilistic BR loss model. Finally, the abbrevia-
tions and notation used in this paper are listed at the end, respectively.
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2. The Probabilistic BR Loss Model
2.1. The Analytical Model

Consider a vehicle with an AP installed on it and let the capacity of the AP’'s WLAN
be equal to C b.u. The CAC proposed in [7] considers two different phases regarding the
vehicle: a stop phase and a moving phase.

During the stop phase, the vehicle remains for an exponentially distributed time in a
location (e.g., a bus stop or a bus station), with mean6_', and can accommodate Poisson

arriving calls. The latter requests a single b.u. in order to be accepted in the system. If this
b.u. is not available then an arriving call is blocked and lost without further affecting the
system. Two types of users are considered during the stop phase: (1) new users who ini-
tiate a call after riding on the vehicle and (2) handover users who already have an ongoing
call and should perform a handover from a NB to the vehicle’s AP. To facilitate handover
users, the probabilistic BR policy is considered whereby tuw b.u. are reserved for them.
This means that a prioritization is applied to handover calls since they are blocked only if
all C b.u. are occupied while a new call is blocked: (i) with a predefined probability (1 -
psnew) When the occupied b.u. j = C = tuw, ..., C — 1 and (ii) with probability 1 when the
occupied b.u. j = C. Note that in the case of the “strict” BR policy, the value of psuew = 0
when j=C - tuew, ..., C — 1. The reason behind such a probabilistic BR policy is the follow-
ing: when the “strict” BR policy is applied to prioritize a certain type of call, it can lead to
a substantial CBP increase of the other types of calls that share the same link. In our case,
the introduction of a probabilistic BR policy and the proper selection of psnew can protect
new calls from such a substantial CBP increase. As a last comment, note that if tre0 = 0 then
psnew =1, i.e., new calls are allowed to have access in all C b.u.

During the moving phase, the vehicle moves from one location to another. We as-
sume that the duration of the moving phase is also exponentially distributed with mean
0;!. In the moving phase, handover calls (from the NB to the vehicle’s AP) cannot be gen-

erated and therefore only new calls should be considered. Consequently, there is no rea-
son to adopt the BR policy in that phase. More specifically, during a moving phase, the
CS policy is adopted.

Let Anew and An be the arrival rate for Poisson arriving new and handover calls, re-
spectively. Accepted calls remain in the system for an exponentially distributed service
time, with mean p' in the stop phase and p; in the moving phase.

The proposed analytical model can be described as a 2-D Markov chain, whose state
space diagram is depicted in Figure 1, assuming for illustration purposes that the reser-
vation space starts in state (0,2). Based on this chain, let P(i,n) be the steady-state proba-
bility that the vehicle is in phase i (i = 0 refers to the stop phase and i = 1 refers to the
moving phase) and there exist n users in-service, where 0<n<C.

Anew +An Anew +An Ps,newAnew +An  Ps,newAnew +An

oo o stop phase

moving phase

Lm 2um 3m Crm

Figure 1. The 2-D state transition diagram in the proposed probabilistic BR loss model.
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We initially consider the global balance equations for the boundary states (0,0) and
(1,0):
state (0,0): (A, + A, +6,)P(0,0)-u.P(0,1)-0,P(1,0)=0 (for i=0, n=0)
state (1,0): (A, +6,,)P(1,0)—u,P(1,1)-0.,P0,0)=0 (for i=1, n=0)

new

or in a more compact way:

(A +6)PG0) 4P, -6,R(j,0) =0 "
Ane’u"—/\h’i:O 65’i=0 ys’i=0 . .
A (0) =4 e s 0= = o d=1-i
where mew 2 7 we 1T Hor 17

We consider now the states below the system’s capacity, i.e., the states where 0 <n <
C. For these states, the following global balance equation can be written:

A+ +0)P 1) ~A (- DR, =) -8 (i) ~(n+ DuPin+)=0 )

Ao tAL i=0, 0<n<C-t -1
where A(n) = psyw/\new+/\h, i=0, C-t, <n<C ,j=1-i
A i=1, 0<n<C

Finally, we consider the boundary states (0,C) and (1,C). For these states, we have the
following global balance equation:

(G +6)Pi, O)~A (C-P(i, C-1)~6,P(j,0) =0 @)

To determine the values of P(i,n) based on (1)—(3), an iterative algorithm is proposed
in the following subsection.

2.2. An Iterative Algorithm for the Determination of P(i,n)
Initially, we express P(i,n) via the boundary states P(0,0) and P(1,0) as follows:

Pi,n)=S,, A0,0)+S,, A(1,0) (4)

1
At this point, all terms in (4) (including the coefficients S?n and S,;n) are unknown.

1
A formula for the derivation of 5? » and Sl » can be obtained if we substitute (4) in (2), to

have:

An=1)

sjmam+$ﬂ%um—OHDM@%4mqm+§

in

)0 PO0) S, P(,0)= OO
| | (n+1)u

i

in-1

P(1,0))
)

0.
——L (S, P0,0)+S;, P(1,0)),
—— (S), PO.0)+S;, P(1,0))
where j = 1-i.

To determine the values of an in (5), we assume that P(0,0) =1 and P(1,0) = 0. Based

on (5), we have the following recursive formula:

o A()+ny +6, I An-1) 4 6]’ S ©)
el e, e

in+l in in-1

where $O :1, SJO'O =0 and ﬁy =0for y <0.
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To determine the values of S;,n in (5), we assume that P(0,0) =0 and P(1,0) = 1. Based
on (5), we have the following recursive formula:
o _ A+ +6, 4 A1) 4 Qf sl %
(n+1y (D, (D,

in+l in in-1

where %O :0, S]LO =1 and %y =0for y <0.

1
For a system of capacity C b.u., the determination of Sf;)n and Sl-,n requires 2C Equa-
tions of (6) and (7), respectively.
1
Up to this point, the coefficients 510 n and S,;nhave been determined (via (6) and (7),

respectively). The next step is to calculate the values of P(0,0) and P(1,0). To this end, a
system of two equations is necessary. The first equation is based on (3), where the case of
i =0 is considered:

Qi +0)R0O-AC-DHROC-1)-6, A1L,O=0 ®)

Equation (8), via (4), can be written as:

(Ct +0XSc PO0)+S,c P(1,0)=A(C-1)YS 4 PO.0)+S, ., A(1,0)-6,(S\ PO0)+S, - P(1,0)=0
or
P(0,0)(S5c (Cp, +6,) =S5 ;A (C=1)=57.6, )+ P(1,0)(S5  (Cp, +0,) =S5, A, (C-1)=5] .60, )=0 9)

Equation (9) is the first equation to be used for the determination of P(0,0) and P(1,0).
The second formula is based on the fact that:

1 C
> Pi,n)=1 (10)
i=0 n=0
Equation (10), via (4), can be written as:
1 C 1 C
P(0,00>.>'S), +P(1,00>.>s! =1 (11)
i=0 n=0 i=0 n=0

Equation (11) is the second equation to be used for the calculation of P(0,0) and P(1,0).
Having determined the values of P(0,0) and P(1,0) (via (9) and (11), respectively) and the
values of an and 51-1,,, (via (6) and (7), respectively), we can calculate the values of P(i,n)

via (4) and, consequently the CBP of new and handovers calls together with the link utili-
zation, according to the next subsection.

2.3. CBP Determination of New and Handover Calls

The CBP of new calls in the stop phase, BS e, Can be determined via:

Cc-1

B =(1=P. ) 2, P(0,m)+P(0,C) (12)

n=C—t,,,

In the case of the “strict” BR policy, the same CBP formula can be adopted, assuming
that Psnew = 0 fOI'j =C- tnew, ..., Cc-1.

In the moving phase, call blocking of new calls occurs only when there are no avail-
able b.u. Consequently, the CBP determination of new calls in the moving phase, Bm,ngw ,

can be based on the following formula:
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B =10 (13)
Based on (12) and (13), the total CBP of new calls, B,,, , can be determined via:
Bm'w =Bs,mu +anew (14)

The CBP of handover calls in the stop phase, BS, 1 , can be determined via:
B,=R00 (15)

The CBP of handover calls given stop phase, le i , can be determined via:

B* Bs,h
sh = <
> P(0,n) (16)
n=0
Finally, the link utilization, U, can be computed via the following formula:
1 C
U=> > nP(in) (17)
i=0 n=0

A tutorial example at the end of this paper (see Appendix A) presents in detail all

necessary calculations for the determination of Bs e Bmm , Bs, n and U.

3. The Generalized Probabilistic BR Loss Model
3.1. The Analytical Model

In the generalized probabilistic BR loss model, the probabilistic BR policy is consid-
ered in both stop and new phases. More specifically, the CAC mechanism, during the stop
phase, is as follows: a handover call is blocked only if all C b.u. are occupied while a new
call is blocked: (i) with a predefined probability (1-psnw) when the occupied b.u. j=C -
taew, ..., C =1 and (ii) with probability 1 when the occupied b.u. j = C. On the same hand,
during the moving phase, a new call is blocked: (i) with a predefined probability (1-pm,new)
when the occupied b.u. j = C - twew, ..., C — 1 and (ii) with probability 1 when the occupied
b.u. j=C. Note that if twew =0, then psnew = pmnew =1, i.€., new calls are allowed to have access
in all C b.u. in both phases.

Let Anw and An be the arrival rate for Poisson arriving new and handover calls, re-
spectively. Accepted calls remain in the system for an exponentially distributed service

time, with mean p_' in the stop phase and p;' in the moving phase.

The proposed analytical model can be described via the state space diagram of Figure
2, assuming that the reservation space starts in state (0,2). Based on this 2-D Markov chain,
let Pg(i,n) be the steady-state probability of the generalized loss model which expresses
the fact that the vehicle is in phase i and there exist n users in-service, where 0<n<C.
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Anew +An Anew +An Ps,newAnew +An  Ps,newAnew +An

PrynewAnew  Pm,newAned

moving phase

2um 3m Crm

Figure 2. The 2-D state transition diagram in the proposed generalized probabilistic BR loss model.

We initially consider the global balance equations for the boundary states (0,0) and
(1,0):

state (0,0): (A, +A, +6,)P,(0,0~,P,(0,1)~0,P,(1,0)=0 (for i=0, n=0)

state (1,0): (A,,,, +0,,)P,(1,0)~u,P,(1,1)~6,P,(0,0)=0 (for i=1, n=0)

or in a more compact way:

A O)+6)E,(,0) - F,(i,1)-6,F,(j,00=0 (18)
_ A)ww+/‘h'i=0 _ 951i=0 _ [Js,l‘=0 .
/\i(O)—{ . ’.=1r Qi(O)_{e,i=1,‘ui_{y,l’=1, ]_1 L.
Where new m m

We consider now the states below the system’s capacity, i.e., the states where 0 < n <
C. For these states, the following global balance equation can be written:

(A @)+ +0)BG,m)~A (=D, n-1) -0 B (i) ~(n+ DR+ =0 (19)

A +A

new n’

i=0, 0<n<C-t, -1
+A,, i=0, C~t _<n<C
i=1 0<n<C-t -1

pm,m’w new ’ l=1’ C_tm’wgn<c

Finally, we consider the boundary states (0,C) and (1,C). For these states, we have the
following global balance equation:

(G +6)P.(,0~A(C-DP(,C-1)~6P(j,0) =0 20)

pS new/\m’w
where A (n)=4""

new’

,j=1-i.

To determine the values of Pg(i,n) based on (18)—(20), the iterative algorithm of Sec-
tion 2.2 can be adopted.

3.2. CBP Determination of New and Handover Calls
The CBP of new calls in the stop phase, Bgs, wew, €an be determined via:
-1

Bg,s,new = (1 - px,new) Z I)g (0’ T’l) + Pg (0/ C) (21)

C
n=C

“tew

In the moving phase of the generalized model, call blocking of new calls occurs not
only when there are no available b.u., but also probabilistically in states Pg(1,1) where

C—tmw <n<C. Consequently, the CBP computation of new calls in the moving phase,

Bgmmw, is based on the following formula:
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-1

Bg/m,m'w = (1 - pm,new) Z Pg (1’ T’l) + Pg (1’C) (22)

n=C-

[m'w

Based on (21) and (22), the total CBP of new calls, Bg,mw , can be determined via:

B, =B et B (23)

g new & s, new 8 mnew

The CBP of handover calls in the stop phase, Bgs, 1, can be determined via:

Bg,s,h = I)g(ol C) (24)

s

The CBP of handover calls given stop phase, Bgs, 1, can be determined via:

B* _ Bg,s,lz
gsh — Cc (25)
> P.(0,n)
n=0
Finally, the link utilization, Uy, can be computed via the formula:

1 C
U, =2 2 nP(i,n) (26)

i=0 n=0

4. Performance Evaluation

In this section, we consider an application example of a vehicle with an AP installed
on it and let the capacity of the AP’s WLAN be equal to C =58 b.u. During the stop phase,
the vehicle remains for an exponentially distributed time in a location with mean@;' =3.

We also assume that the duration of the moving phase is exponentially distributed with
mean@,' = 6. The vehicle accommodates Poisson arriving calls with A» = 24 (fixed value)

and Aww = 2 (variable value). Accepted calls remain in the system for an exponentially
distributed service time with mean p' = p'=6. To facilitate handover users, the proba-
bilistic BR policy is considered whereby fuww=8 b.u. are reserved for them. In what follows,
the generalized probabilistic BR loss model is considered. To this end, five different sets
of psnew and pmnew are considered: (1) psnew = pmuew = 0.0 (this is the cutoff priority scheme
studied in [7]); (2) psnew = pmnew = 0.25; (3) psnew = pmnew = 0.50; (4) psnew = prnew = 0.75; (5) psnew
= pmnew = 1.0 (this is the nonpriority scheme studied in [7]). Note that the probabilistic BR
loss model refers to the case of pumnew = 1.0 (the CS policy is applied to new calls and there-
fore no reservation occurs) and psqew < 1.0. Since this model leads to similar conclusions
with the generalized loss model, we present analytical and simulation results of the gen-
eralized probabilistic BR loss model only. The simulation results presented herein are
based on Simscript III and are the mean values of eight runs [25]. In each run, the initial
5% of the generated calls (one million generated calls per run) is not taken into account in
the CBP results, in order to obtain a warm-up period [26,27]. Finally, reliability ranges
which are less than two orders of magnitude are not presented in the CBP graphs. Table
1 includes the list of simulation parameters used in this application example.
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Table 1. List of simulation parameters.

AP’s WLAN capacity C=58Db.u.
Duration of the stop phase (expo-
nentially distributed)

0;' =3 (mean value)

Duration of the moving phase (ex-

i o 0.' =6 (mean value)
ponentially distributed)

m

Arrival rate of handover calls (Pois-

. An =24 (fixed value)
son arrivals)

Arrival rate of new calls (Poisson

. Anew=2,4,6,8,10,12, 14, 16, 18, 20 (variable value)
arrivals)

Service time in the stop phase (ex- o

i o =6 (mean value)
ponentially distributed)

Service time in the moving phase o

) o = 6 (mean value)
(exponentially distributed)

m

BR parameter (for new calls) trew = 8 b.u1.

Probabilistic BR parameters (stop

phase) Psnew = OO, 025, 050, 075, 1.0

Probabilistic BR parameters (mov-

mnew = 0.0, 0.25, 0.50, 0.75, 1.0
ing phase) P

Mean values of eight runs with 10° generated
calls/run and 5% of them not taken into account
(warm-up period)

Number of simulation runs and
generated calls/run

In the x-axis of Figures 3-5, the values of Auww increase in steps of 2. Thus, point 1 (in
the x-axis) refers to Awew=2 and point 10 refers to Auww= 20. In the x-axis of Figures 6-8, we
consider 10 different values of 6;', assuming that Ar = 24 (fixed value), Anew = 16 (fixed

value) and 6;' =6 (fixed value). More precisely, we consider the values 0.2, 0.25, 0.3333,

0.5,1.0,2.0,3.0,4.0, 5.0 and 6.0. To increase the readability of all graphs, simulation results
are represented with different types of dots, while analytical results are represented with
different types of lines. Besides, two different arrows have been included in each graph in
order to identify the results obtained via [7]. An arrow identifies the case of psuew = pm,new =
0.0 (the cutoff priority scheme of [7]) and another arrow identifies the case of psnew = pmnew
= 1.0 (the nonpriority scheme of [7]).

Figure 3 presents the analytical together with the simulation results of the total CBP
of new calls for the five different sets of psnew and pmnew. Figure 4 presents the correspond-
ing results of the CBP of handover calls (based on (15) and (24)). Finally, Figure 5 presents
the analytical and simulation results of the system’s utilization. All graphs show that the
analytical results are similar to the corresponding simulation results. Regarding Figure 3,
we observe that: (i) the increase of Anew increases the total CBP of new calls; (ii) the choice
of psnew and pmnew affects the CBP, leading to high CBP values (when psnew = pmnew = 0.0) and
low CBP values (when psuew = pmnew = 1.0); (iii) the CBP results obtained via [7] cannot cap-
ture the behavior of the proposed models, a fact that is expected since the models of [7]
do not consider the case of the probabilistic BR policy. Regarding Figure 4, we observe
that: (i) the increase of Awew increases the CBP of handover calls (in the stop phase); (ii) the
choice of psuew and pmnew affects the CBP of handover calls leading to high CBP values
(when psnew = pmnew = 1.0) and low CBP values (when psuew = pmnew = 0.0) (i.e., the increase of
Ppsnew and pmnew has the opposite impact on the CBP of new and handover calls); (iii) the
CBP results obtained via [7] cannot capture the behavior of the proposed models. Finally,
regarding Figure 5, we observe that: (i) the increase of Aww increases the system’s utiliza-
tion and (ii) a slightly higher utilization appears when psnew = pmnew = 1.0 (i.e., when the BR
policy is not applied in favor of handover calls).



Telecom 2021, 2, 31

563

In Figures 6-8, we present the total CBP of new calls (Figure 6), the CBP of handover
calls in the stop phase (Figure 7) and the system’s utilization (Figure 8) for the different
values of 9.'. Our conclusions are similar to those obtained in Figures 3-5. In addition,
we observe that an increase of 6;' results in the CBP increase of both types of calls. This
is expected, since the increase of the stop phase duration results in increased new and
handover calls competing for acceptance in the system.

iy Bg new (psnew pm new =0.0, an')
g,new (ps new | m new_0'25' an') ps‘new = pm‘new =0.0
L | Bg new (ps m naw_o'so’ an') \
S i Bg new (psnew pm new-0'75’ an')
03/ s i Bgnew (psnew pmnew 1_0,6[1.) o
. Bg new (psnew pm new 0'0’ Sim') . ’
068 - o Bg new (Psnen=Prmnew=0-25, 8im.) e
v Bg new (ps m new=0'50’ Slm) o P
. -
064 1 a BQ new (ps pm new=0'75’ SIITI.) ’,’,
B g.new (psnew pmnew=1'0'5im') o /// A_/.A
060 1 v’ =
' 7 5
7 <
- > /_/
056 1 - T -
N /
— / _.
2 52 ] e
3 & p
= A
© 048 - 8
= ‘s
o
8 044 4 // ps‘naw = pm)nsw =1.0
ol
(o]
— 040
0.36 A
0.32 A /-'
s ;
Vil 4
028 4 .- e va /
= x A o
-~ <
- - P
024 47 > =
r'd
o 4
020 - —<£ e
o ~
/-/
0.16 7o
'd
0.12 1
1 2 3 4 5 6 7 8 9 10

Arrival rate points for new calls

Figure 3. Total CBP of new calls for different values of Ancw.



Telecom 2021, 2, 31

564

0.27

0.26

0.25

CBP (handover calls)

0.17

0.16

0.15

0.14

Bg‘s,h (ps‘new=pm,new=0'0= an‘)

0.22

0.21

0.20 -

Arrival rate points for new calls

Figure 4. CBP of handover calls (in the stop phase) for different values of Ancw.

"""""""" Bg‘s,h (-ps‘new=pm.new=o'25’ an.)
______ Bg sh (ps‘naw=pm.new=0'50’ an.)
S Bg‘s,h (ps‘new=pm_new=o'75! an')
- - = - Bg‘s.h (ps‘new=pm.new=1 .0, an')
L Bg.s.h (ps‘ne\'\v:pm.new:O'O’ sim.) ps,new = pm,new =1.0
o Bg‘s,h (ps<new=pm,new=0'25' Slm) -
Bg‘s.h (ps‘new=prn.new=0'50‘ sim.) \ - - -
Bg‘s,h (psnew:pm,new:O'?s’ Slm') - d =
i A
= Bg,s,h (ps‘new=pm,new=1 '01 Slm') - -~ A“’w"
~ ,../"
-~ AT
e /A_,/"/
,-’ / > —
/ A 2
/ /A' /’{z
v o
/'/ /- ad
-
/s .
/ e i LD
A S R
f 7 /// e
e
: > 3 4 5 6 7 8 5 10



Telecom 2021, 2, 31

565

Utilization

58
57 1 A= T T
> s i
56 v e =
2 LA -V
5 =1.0 " -
55 Ps new pm,n\ew ,' /1/ ”,—"
\ / A/" ’,”Y
1 yard o
/ -~ e}
53 o e il
b g T e °
52 1 -
51 4 /
/ / ¥
50 / 1y = =
i Ps new = Prnew = 0.0
48 4
48 -
47
46
45
44
43 1 u (ps‘naw=pm,new=0'0’ an')
............... U (ps‘new=pmlnew=0.25, an.)
B . u (ps‘naw=pm,new=0'50’ aI"L)
—mm Uy TP ne=0-75, an.)
41 i !
s 40 (ps‘r'naw:pm.new=‘| 0,an.)
40 u (ps‘new-_-pm,nawzo'o’ sim.)
U (P 1u=Prmnew=0-25, sim.)
30 ] U (P, rou=Prrnew=0-50, sim.)
U (P, 10, =Prnes=0-75, sim.)
= u u (ps‘new=pm,naw=1 '0’ Slm)
37 T T T T T T T T T T
1 2 3 4 5 6 7. 8 9 10

Arrival rate points for new calls

Figure 5. Utilization for different values of Ancw.



Telecom 2021, 2, 31

566

0.78 4
0.76 -
0.74 4
ps,new = pm,ﬂew = 00
072 4 e 0
0.70 SO
068 Lz
0.66 - ,,,-v
I'/”
0.64 - -
n o
© w
O 062 4 -7
= “ e
Q -
= i
~ 060 - A
% /"/.
- A
9 0.58 4 o ) i
© L~ —
° - -
~ -
0.56 ™
-
25 ~
054 ] pS.HEW = pm_new = 10
052 42 £ > -~
= / .- B B.__.(p =0.0, an.)
/ / / g,new S‘HQW m new
0.50 4 ]/ /" T Bgmew (psnew pm.new_0'25* an.)
5 A P P A B, now (Ponew™Prmnew™0-30, an.)
0.48 4 f /3 / e i e Bg.new (-ps new=pm new=0'75’ an')
/ / =SS Bg.new (ps new mnew=1'0' an')
0.46 A/ / Bg.new (ps new pm new =0.0, Sim')
s // 0 Bypew (Pynen=Prnes=0-25, sim.)
L . v Byrew Panes® pmew—o.so, sim.)
./ A By new (Psnew=Prmne=0-75. Sim.)
042 4 L] B, new Psnew=Pmnew=1-0: sim.)

05 10 1.5 2.0 25 3.0 35

4.0 4.5 5.0 55 6.0

Stop phase duration (1/6,)

Figure 6. Total CBP of new calls for different values of 6.



Telecom 2021, 2, 31

567

0.384 A
0.376 A
0.368
0.360 -
0.352 A
0.344 1
0.336 A
0.328 -
0.320
0.312
0.304
0.296
0.288 -
0.280 A
0272 4
0.264
0.256
0.248
0.240 A
0.232 A
0.224
0.216
0.208 A
0.200 A
0.192
0.184
0.176
0.168 -
0.160
0.152
0.144
0.136
0.128 A
0.120 A
0.112 A
0.104 4
0.096 -
0.088
0.080 A
0.072 A
0.064
0.056
0.048 -
0.040 A
0.032
0.024
0.016
0.008 A

CBP (handover calls)

B
B
B
B

=0.0, an.)
=0.25, an.)
=0.50, an.)
=0.75, an.)
=1.0, an.)
=0.0, sim.)
=0.25, sim.)
=0.50, sim.)
50 (P new=Prnnen=0-75, Sim.)
o (Panou=Pruneu=1.0, Sim.)

g,s,h (ps new pm new
g,s,h (psnew m,new

s,h (ps new m new

sh (ps new pm new
g.s.h (ps new pm new
g.s.h (ps‘new pm.new
g.s.h (ps‘new=pm,new

g,s,h (ps‘new=pm,new

mmmmmm

/Jl
ps,new=pm.new=1‘0 // /A
\ vaiva
/ o Lol
/ AAf. ///
VAR . Wl
A== — o o
/}/' ,/
/A/' //
// // O

=0.0

ps‘new = pm‘new

1.5 2.0 25 3.0

35

4.0 45 50 55 6.0

Stop phase duration (1/6,)

Figure 7. CBP of handover calls (in the stop phase) for different values of 0;'.



Telecom 2021, 2, 31

568

57.3 1
—_— — —n
e — —— - —
57.0 - e e S I
s -
— -
56.7 { smm
= =1.0 R
56.4 Psnew = Prnew = 1- s ET -
4 T
‘-.’“_ﬁ__ c—
56.1 o
Lt
55.8 _A__,‘*’A
A
55.5 1
—-_.q
55.2 ”*_,-—
”’—
54.9 - -y
”
54.6 f’,’
-
-~
543 B
/r
54.0 - - -0
-~
53.7 -
= ¢ /' .0
o) e
= 534 A -
© \ 4
N /
= 5314 X
=
5 v
52.8 4
52.5 1
52.2
51.9 4
51.6
51.3 1 ,-O.. u (ps‘new=pm.new=0'0’ an')
u (ps.new=pm.new=0'25' an‘)
51.0 i =
______ u (ps‘new_pm,new_o'so‘ an')
50.7 —o—e— U (P pew™Pmnew=0-75, an.)
504 1 ¢ 4 e (psmew:pm,new:“ 0, an.)
501 . u (ps‘new=pm.new=0'0’ Sim')
' 0.0 o U (P, new=Prnen=0-25, Sim.)
49.8 A = = i
v u (ps‘new pm.new 050‘ Slm')
495 A U (ps‘new=pm=new=0.75, Slm)
492 4 u u (ps‘new=pm,new=1 0, Slm')
T T T T T T T T T T T T
05 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0 55 6.0

Stop phase duration (1/6,)

Figure 8. Utilization for different values of 0;'.

5. Conclusions

We propose two loss models for a mobile hotspot that accommodates new and hand-
over users. To favor handover users but at the same time not substantially increase the
CBP of new users, we propose the probabilistic BR policy where new calls may enter the
reservation space with a certain, predefined, probability. In the first loss model, the prob-
abilistic BR policy is applied only to new calls during the stop phase of a vehicle. In the
second loss model, a generalization is considered, where the probabilistic BR policy can
be applied not only during the stop phase but also during the moving phase. Both models
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are analytically described with the aid of two-dimensional Markov chains, while iterative
algorithms are proposed for the determination of the steady-state probabilities and the
various performance measures such as CBP and system’s utilization.

As a future study, we will extend these models to include the case of quasi-random
traffic, where a finite number of users may generate calls in the system not only during
the stop but also during the moving phase. Additionally, we intend to study the case of
multiservice traffic where users generate traffic (either random or quasi-random) and
have different bandwidth-per-call requirements, i.e., a user may request more than a sin-
gle b.u. in order to be accepted in the system. Such extensions have been considered in the
literature in wired/wireless networks but not in the case of mobile hotspots [28-36].
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Abbreviations

b.u. Bandwidth unit

AP Access point

BR Bandwidth reservation

CAC Call admission control

CBP Call blocking probabilities

Cs Complete sharing

NB NodeB

QoS Quality of service

WLAN Wireless local area network

Notation

B .. CBP of new calls (stop phase)

Bm’mw CBP of new calls (moving phase)

B,.. Total CBP of new calls

BS’ n CBP of handover calls (stop phase)

B: " CBP of handover calls given stop phase

Bgs,m,w CBP of new calls (stop phase —generalized loss model)

Bgmm,w CBP of new calls (moving phase —generalized loss model)

Bgmv Total CBP of new calls (generalized loss model)

Bgs, h CBP of handover calls (stop phase—generalized loss model)

B;s, I CBP of handover calls given stop phase (generalized loss model)

C AP’s WLAN capacity (in b.u.)

j occupied b.u. (j=0, ..., C)

P(in) Steady-state probability of phase i (i = 0—stop phase, i =1 —moving
’ phase) with n users in-service

Puin) Steady-state probability of phase i (i = 0—stop phase, i =1 —moving

8\4

phase) with n users in-service (generalized loss model)
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Psnew Probabilistic BR parameter for new calls in the stop phase
Pmnew Probabilistic BR parameter for new calls in the moving phase
tnew BR parameter for new calls (in b.u.)
u Link utilization
Us Link utilization (generalized loss model)
;! Duration of the stop phase
o Duration of the moving phase
Anew Arrival rate of new calls
An Arrival rate of handover calls
Ai(n) Arrival rate of calls in phase i with n users in-service
i Service time in the stop phase (exponentially distributed)
i, Service time in the moving phase (exponentially distributed)
Appendix A

Consider the capacity of the AP’s WLAN to be C =4 b.u. During the stop phase, the
vehicle remains for an exponentially distributed time in a location with mean ;' = 20. To
facilitate handover users, the “strict” BR policy is considered whereby tuww =2 b.u. are re-
served for them and psnew =0 when j = C - tuew, ..., C — 1. The duration of the moving phase
is also exponentially distributed with mean 9,' =100. In addition, let Awew = An = ' =
W, =1.0.

The corresponding 2-D Markov chain of this tutorial example consists of 10 states
with a steady-state probability P(i,n), where i = 0 refers to the stop phase, i = 1 refers to the
moving phase and there exist 7 users in-service with 0<n<4,

The computation of the various performance measures (e.g., CBP and link utilization)
can be executed via the solution of the following system of 10 global balance equations:

state (0,0): P(0,1) + 0.01P(1,0) - 2.05P(0,0) = 0

state (1,0): 0.05P(0,0) + P(1,1) - 1.01P(1,0) = 0

state (0,1): 2P(0,0) + 0.01P(1,1) + 2P(0,2) - 3.05P(0,1) = 0
state (1,1): P(1,0) + 0.05P(0,1) + 2P(1,2) - 2.01P(1,1) = 0
state (0,2): 2P(0,1) + 0.01P(1,2) + 3P(0,3) - 3.05P(0,2) = 0
state (1,2): P(1,1) + 0.05P(0,2) + 3P(1,3) - 3.01P(1,2) = 0
state (0,3): P(0,2) + 0.01P(1,3) + 4P(0,4) — 4.05P(0,3) = 0
state (1,3): P(1,2) + 0.05P(0,3) + 4P(1,4) - 4.01P(1,3) = 0
state (0,4): P(0,3) + 0.01P(1,4) — 4.05P(0,4) = 0

state (1,4): P(1,3) + 0.05P(0,4) — 4.01P(1,4) = 0

The solution of the previous system of equations is:

P(0,0) = 0.029488; P(1,0) = 0.306133; P(0,1) = 0.057389; P(1,1) = 0.30772; P(0,2) =
0.056492; P(1,2) = 0.154757; P(0,3) = 0.018658; P(1,3) = 0.051758; P(0,4) = 0.004639; P(1,4) =
0.012965.

In what follows, we consider the proposed algorithm of Section 2.2 and present the

calculations of the coefficients 5? n and S,l n-
According to (6) and since 580 =1, io =0 and %, =0for y < 0, we have the follow-

ing values of 510 e

S =2065),-0.01S), =, =2.06
S, =101, -0.05§, =S/, =—0.06
S2 =1.5255), ), —0.0055], =S, =2.1265

state (0,0):
state (1,0):

state (0,1):
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state (1,1): S, =10065, —0.0255), =85/, =—0.1015
Following the same procedure, we obtain the values:

state (0,2): $ ,=07956133

state (1,2): $3 =—0.1206133

state (0,3): S4=0.27423503

state (1,3): 54 =—0.10648503

According to (7) and since %0 =0, Si,o =1 and %y =0 for y <0, we have the follow-
ing values of ‘Sil,n+1:
state (0,0): 1 =—0.01
state (1,0): S, =101
state (0,1): Sy, =—0.0203
state (1,1): S;,=05153
state (0,2): 5(13,3 =-0.0156893
state (1,2): S5 =0.1806393
state (0,3): S, =—0.01126217
state (1,3): S, =0.05251217

Having computed the coefficients S, and S

w7’

we consider (9) which takes the

form:

0.3160934P(0,0) —0.03044759P(1,0) = 0 (A1)

Similarly, based on (11), we have the second equation between P(0,0) and P(1,0):
5.86875P(0,0)+2.70125P(1,0) =1 (A2)

The system of (A1) and (A2) results in: P(0,0) = 0.029488, P(1,0) = 0.306133. Having
determined the values of P(0,0) and P(1,0), together with the values of S? . and S we

can now calculate the values of P(i,n) via (4) and obtain the following results: P(0,1) =
0.057389; P(1,1) = 0.30772; P(0,2) = 0.056492; P(1,2) = 0.154757; P(0,3) = 0.018658; P(1,3) =
0.051758; P(0,4) = 0.004639; P(1,4) = 0.012965.

Having determined the values of P(0,0) and P(1,0) , (via (9) and (11), respectively)
and the values of S),and S

Ln
P(i,n) via (4) and, consequently the CBP of new and handovers calls together with the link
utilization.
For reference, we present the values of the various performance measures. More spe-

(via (6) and (7), respectively), we can calculate the values of

cifically, the CBP of new calls in the stop phase, B, ,,,, can be determined via (12) as fol-

lows:

C
B = P(0,n) = P(0,2)+ P(0,3)+ P(0,4) = 0.079789
(A3)
n=C-t

new

The CBP of new calls in the moving phase, B

m,new /

can be determined via (13) as fol-

lows:
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= P(1,4) =0.012965 (A4)

anew

The CBP of handover calls in the stop phase, B

. i » can be determined via (15) as fol-

lows:
Bs,h = P(0,4) =0.004639 (A5)

Finally, the link utilization, U, can be computed via (17):

1 4
U=>Y > nP(i,n)=1.069 (A6)
i=0 n=0
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