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1 Introduction

Analog to digital transition of TV transmission has freed up a large spectrum
which can be used by unlicensed users for different applications. This spectrum
is in the form of chunks called TV White Spaces (TVWS). According to Federal
Communications Commission (FCC), unlicensed users have to query a geo
location database to access TVWS [1][2][3][4].

Recently, a lot of work has been done in different dimensions, mainly in ar-
chitecture / functionality modeling of TVWS database and business modeling
of the complete system. Some of the recently proposed architecture models
include WhiteFi[7], Jello[8], WhiteNet[9] etc. WhiteF1i is a limited coverage
single Access Point (AP) network and Jello considers dynamic spectrum ac-
cess on ad-hoc networks only[9]. As compared to WhiteFi and Jello, WhiteNet
is an improved multi AP system and it works on modular basis[9]. Refering
to WhiteNet, a lot of work has been done in different dimmensions. Some of
these works are [1][2][3][4]. In [1], a hybrid pricing model is proposed. In this
model, two types of pricing schemes are presented i.e. registration scheme and
service plan scheme. In registration scheme, database operator reserves part
of spectrum for end users, while in service plan scheme, end users are charged
according to their queries. In [2], design framework for indoor multi AP white
space network is presented. In this work, AP placement, spectrum allocation
and AP association is optimized. In [3], a business model is presented in which
revenue generation for spectrum database is considered. Moreover, joint pric-
ing (static and dynamic) and admission control of spectrum is presented. In
this work, only two types of end users i.e. light and heavy types are consid-
ered. Light users are those which use only one interval of time and heavy are
those which use more than one interval. In addition to this, there is a limita-
tion that only one user can access spectrum at one time. Moreover, it has not
been explained that how fixed and variable prices are set. In [4], an oligopoly
TV white space market has been investigated, where several secondary users
compete to serve a group of end users. Two types of spectrum resources are
considered i.e. dedicated and shared spectrum. Although a lot of work has
been done indirectly towards the improvemenet of WhiteNet, but to the best
of our knowledge no direct improvement has been proposed for it.

After carrying out a lot of study, we found that non of the proposed models
have yet considered multiple types of applications associated with end users
and their Quality of Service (QoS) requirements in much detail. Some exam-
ples of different applications associated with end users are E1/T1 (constant
bit rate application), Voice over Inernet Protocol (VoIP), Video conferencing
etc [10]. By QoS requirements we mean delay in transmission of data bits and
throughput of the users. In addition to this, non of the models has considered
the parallel provision of spectrum resources to end users. Although a lot of
pricing models have been proposed (as discussed earlier), but non of the mod-
els have considered fixed and variable pricing services for end users associated
with multiple types of applications. Moreover, non of the pricing model has
considered prioritization of end users on the basis of their application type
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to increase spectrum utilization and revenue. Considering all these challenges,
we present a framework and embed it in a pre-existing TVWS database ar-
chitecture WhiteNet, in the form of two modules i.e. QoS Characterization

DataBase (QDB) and Pricing DataBase (PDB).
The brief of our proposed work is mentioned below:

— A module (QDB) inside the WhiteNet, which characterizes the QoS re-
quirements of the unlicensed end users in the form of demand indices and
also provides admission control feature to stabilize requests of end users
on the basis of pricing scheme they opt.

— A module (PDB) inside WhiteNet which deals with the pricing issues
among geo-location database, APs and end users.

— Two different pricing schemes and associated admission control algorithms.
One scheme is the fixed pricing scheme and the other one is the variable
pricing scheme. Fixed pricing scheme is for the users who want to pay
a fixed price at the cost of their QoS requirements’ satisfaction, whereas
variable pricing scheme is for the users who are conscious about their QoS
requirements’ satisfaction at the cost of price they pay. In our proposed
model, an AP offers both types of pricing schemes and end users can choose
any one of them.

The rest of the paper is organized such that section 2 will give brief on net-
work scenario, section 3 will describe about the WhiteNet and it’s pre-existing
modules. Moreover, it will also briefly describe our proposed improvements in
WhiteNet, section 4 will explain our proposed work in detail, section 5 will be
about simulations and results and section 6 will be the conclusion.

2 Network Scenario

We consider a network scenario in which there is a geo-location database,
multiple APs and end users, as shown in Fig. 1. Geo-location database has the
information of available TV spectrum in its vicinity and it is connected to a
central geo location database from where it purchases the available spectrum,
for unlicensed users. Unlicensed APs get the information of available spectrum
resources from geo-location database after each interval ¢. Unlicensed end users
avail the spectrum resources through unlicensed APs. An unlicensed AP first
registers the status of its location and transmission power to the geo-location
database and then avails the available spectrum resources. Pricing is done at
geo-location database end as well as APs’ end. Such a system can be useful for
many applications e.g., broadband internet [11] for rural areas, smart metering
[12] and home area networks [9] etc.

3 WhiteNet and Proposed Improvements

WhiteNet consists of a B-SAFE algorithm and WhiteNet Local Database
(WLD) [9]. B-SAFE is an algorithm to distribute spectrum among APs. The
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A Fixed AP

Geo location
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Fig. 1 Network Scenario

detail of B-SAFE is out of the scope of this paper and hence not been discussed.
WLD consists of Vacant TV Channel DataBase (TDB), Local AP DataBase
(ADB) and AP Contention DataBase (CDB). TDB stores the information of
available TV channels in the vicinity of WLD, ADB stores the information
of local APs i.e. interference relationship among APs, spectrum occupancy
and location. CDB has the role to do contention among APs, if there is some
competition among APs.

We propose to add two new modules in WLD, namely QDB and PDB.
These modules are shown in Fig.2. QDB characterizes the requests of end
users in the form of demand indices. We consider four different types of end
users i.e. constant bit rate users, video conferencing users, VoIP users and
best effort users. These users are categorized as type 1, type 2, type 3 and
type 4 users respectively. Moreover, QDB provides admission control feature
to APs by prioritizing the end users associated with them and stabilizing the
end users’ requests depending upon type of pricing scheme they opted.

PDB deals with the pricing issues among central geo-location database,
WLD and APs and end users. Depending upon the amount of spectrum al-
located to each AP, WLD calculates the revenue to be generated by APs.
Moreover, it offers two types of pricing schemes to end users through APs
i.e., fixed pricing scheme and variable pricing scheme. In fixed pricing scheme,
the cost to be paid by an end user in each interval remains the same at the
cost of its QoS requirements’ satisfaction. While in variable pricing scheme,
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Fig. 3 Modified WhiteNet Framework

in each time interval, end user has to pay different price (if price of spec-
trum changes) whereas it’s QoS requirements’ satisfaction remains same. The
proposed framework has been shown in Fig. 3.
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Fig. 4 Spectrum Sub Band Queuing Model

4 Proposed Improvements in WHITENET
4.1 QoS Characterization and Demand Map (DeM)

The available unlicensed spectrum is divided into ! sub-bands. Each sub-band
can be modeled as a G/G/1 queuing system [10], as shown in Fig. 4. In G/G/1
queuing system, arrival rate of users and the service rate of the server both
are generally distributed. As mentioned earlier, we have considered four types
of end unlicensed users. To characterize their QoS requirements i.e., delay and
throughput, a Demand Map (DeM) is made. The mean arrival rate of data
bits of i*" type of unlicensed user in m** spectrum sub band is denoted by
/_\i,m . So, the spectrum utilization by i*" type of user in the m*" sub-band is
denoted by
o >\i,m
Pim = =, Ym € [1,2,..] (1)
; X,
where X,,, is the mean service rate of m*" spectrum band. Similarly, the av-
erage number of waiting bits of i*" type of user in a queue is N;,, is given
by

Nim = Nim X Wim, Vi€ [1,2,3,4] vm € [1,2,...1] (2)

where V_Vl-,m is the average waiting time for the bits of i*" type user, in
m*spectrum band.

We define the spectrum request, in terms of delay and throughput require-
ments, as product of X,,, and p; ,,. This product is named as Demand (D;. )



Title Suppressed Due to Excessive Length 7

of type i user for m*”* sub band. Mathematically

Dim = Nim X pim. Vi € [1,2,3,4 Vm € [1L2,..] (3)

Dim = Nin X Wi (52™). Vi€ [1,2,3,4  Vm € [1,2,..0] (4)

Maximum request of unlicensed users can be considered by maximizing the
spectrum utilization factor and the number of bits waiting in the queue. Let
Ni,m(ma;v) = Li,m and Pim(maz)= 1. Thus

Dimimaz)y = Lim- ¥i € [1,2,34 V¥m e [1,2,..]] (5)

We define a Demand Index (DI, ,,) of unlicensed users of type ¢ willing to use
the spectrum sub band m as a ratio of D; m and D; m(max)-

DL, = —""_ Vi € [1,2,3,4 Vm € [1,2,..] (6)
7 Diﬁn(maw)

DI NonWim 1,2,3,4 ¥ 1,2,..0 (7
b N m ! = [’77] m € [77"'] ()

As DI; ,, has both the factors, average waiting time Wi,m and average ar-
rival rate /_\i,m, so it covers both delay and throughput requirements of the
unlicensed users of it type willing to use m‘”* sub band. For each sub band,
demand indices of end unlicensed users are calculated. A Demand Map (DeM)
contains demand indices of all end users in all sub bands.

The distribution of data arrival rate of different types of users is different.
Type 1 users are the constant bit rate users and hence have deterministic
behavior of data arrival rate. Type 2 users are the video conferencing users and
have gamma distribution of data arrival rate [13]. Type 3 users are VoIP users
and they have data arrival rate distribution according to Markov Modulated
Poisson Process (MMPP) [14,16]. Type 4 users are best effort users and their
data arrival rate follows poisson distribution [10]. Each type of user selects and
sees the spectrum sub band queue according to its data arrival rate distribution
type. So, the same G/G/1 queue behaves as following for four different queuing
models:

— D/G/1 Queuing System - Type 1 users.
Ga/G/1 Queuing System -Type 2 users.
— MMPP/G/1 Queuing System -Type 3 users.
— M/G/1 Queuing System -Type 4 users.
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The average waiting time Wi ,, of type 1 users is as follows[15]:

/_\1,m0’§(m)
Ym e [1,2,..1] (8)

Wi = 00—
B0 = prm)

where 0., is the coefficient of variation of service time distribution. By sub-
stituting the value of average waiting time in (7) we get the demand index of
type 1 users.

m)___ Vme[l,2,..] (9)

The average waiting time Wa ,,, of type 2 users is as follows[10]:

ngm(l + SO'i(m))_(?r)

W m = 5 ;
: 20X2,(1— pa.m)

vm e [1,2,..]] (10)

where s is the shape parameter of Gamma Distribution. So, the demand index
of type 2 user becomes
/_\g)m(l + sag(m)X;)

20&)25’1(1 — pz)m)zxz)m'

DIy, = vm € [1,2,..]] (11)

The average waiting time W ,,, of type 3 users data bits in the queue is given
by[16]:

_ /_\B,m(l + Uﬁ(m))_(%)
W3 m — v 9
7 2X2,(1— p3.m)

Vm € [1,2, ..] (12)

So the demand index of type 3 users is as follows:
2X72n(1 — pgym)Lgﬁm'

DIs,, = Vm e [1,2,..] (13)

Average waiting time Wy ,, of type 4 users is given as [10]:

_ 5\4,771(1 + U?(m)X?n)
W4 m — 3
’ 2X2,(1 = pam)

Vm € [1,2,..0] (14)

So the demand index of type 3 users is as follows:
2X72n(1 - p4,m)L4,m .

DIy, = Vm e [1,2,..] (15)

In all [ spectrum sub bands, demand indices of all four types of users are
calculated and are used for pricing and spectrum allocation to end users.
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4.2 Pricing between Central Geo-Location Database, WLD, APs and End
Users.

WLD purchases spectrum from central geo location database for an interval
of period t, at a price P, given by [1]

P=P,B" (16)

where P, is the price per unit bandwidth and B is the amount of bandwidth
purchased by WLD for interval ¢. The value of -y is directly proportional to the
scarcity of available spectrum. The reservation cost P is a convex function on
B. The cost to be paid by WLD increases exponentially as the demand for the
spectrum increases linearly. WLD distributes the spectrum among APs using
B-SAFE [9] algorithm and charges them the price to be paid, proportional to
the amount of spectrum allocated to them. The utility of WLD during interval
t can be abbreviated as Uy, p, which is the difference between the price paid
by WLD to central geo-location database for interval ¢ and the total revenue
generated by the WLD from the APs connected to it, during the same interval.
Mathematically,

N
Uwrp = Z Papmy — P(1+ ) (17)

n=1

where 25:1 P4 p(n) is the total revenue generated by WLD from N APs during
interval ¢, Pap(pn) is the price charged to nt" AP by WLD during interval ¢
and « is the percentage of profit to be earned by WLD during interval ¢. The
utility of WLD should be greater or at least equal to 0 i.e., Uy rp > 0.

As described earlier, each AP has to query the WLD after a time interval
of period t. The utility of n** AP during an interval ¢ can be defined as,

4
Uapn) = Y PintiinCn — Papm)(1+ Bn),  Yn € [1,2,..N] (18)

=1

where 3, is the minimum percentage of profit to be earned by n* AP. The
term Z?:l P, ki nCy, is the total revenue generated by nt" AP from all four
types of users, during interval ¢. Here P; , is the price per unit bandwidth,
charged by nt" AP to type i user for interval t, K4 p is the cumulative demand
index of type i end users, for m sub bands. Mathematically,

l
Kim =Y Dlm,  Vi€[l,2,3,4] (19)
m=1

and C,, is the capacity of n'” AP. Mathematically,
Cn= BAP(TL)(1 - SNRAP(TL))? (20)

where B4 p(y) is the spectrum allocated to nt" AP and SNR4p(n) is the signal
to noise ratio of n'" AP.



10 Zaid Ilyas et al.

4.3 Types of Pricing Schemes and Admission Control Mechanism

We propse two types of pricing schemes and admission control. One of them
is fixed pricing scheme and the other one is variable pricing scheme. The
difference between them is that in fixed pricing scheme, users are charged
fixed prices according to their type in each interval of time at the cost of the
QoS requirements’ satisfaction, while in variable pricing scheme, end users
are charged variable prices according to their type and QoS requirements.
For simplicity, we propose the fixed and variable pricing admission control
algorithms considering the scenario that the total spectrum demand of all
four types of end users (before admission control) is greater than the available
spectrum resources i.e. Zle kin>1 and the demand indices k1, K2, k3 and
k4 are greater than 0.4, 0.3, 0.2 and 0.1 respectively. The admission control
mechanism design for other different posible scenarios is left as future work.

4.3.1 Fized Pricing Scheme and Admission Control

Fixed pricing scheme is for those end users which are interested in paying a
fixed price at the cost of degradation of their QoS requirements. Prices are set
during the first interval i.e. when users query the database to avail the spec-
trum. After the prices are set, whenever the price of the available spectrum
(Psp(n)) changes in next intervals, the demand indices / spectrum allocation
(QoS requirements) of end users is adjusted to generate the required revenue.
In the first interval, AP maintains maximum fairness in spectrum utiliza-
tion among all four types of end users by allocating equal spectrum resources
to them i.e. K1 =Ko n=~K3n=K4,=0.25. and calculates the prices to be paid
by each type of end user using equation 21. Prices should be set such that
Py ,>Ps n>P5 ,>Py . The reason for setting prices this way is that type 1
users have the most deterministic data rate / constant data rate followed by
type 2, type 3 and type 4 users and will ensure us maximum spectrum utiliza-
tion and therefore revenue generation. For simplicity, we consider, Py ,=4Pj ;,
P27n:3P47n and P37n:2P47n.

4
Z P; n5i,nCn = Pap(ny(1 + Bn). Vn € [1,2,...N] (21)
=1

In next intervals of time, when P4p(,) increases, AP increases the spec-
trum utilization of type 1 and type 2 users, and decreases spectrum utilization
of type 3 and type 4 users to satisfy equation 21. The reason for increase in
type 1 and type 2 users demand is obvious i.e. to generate more revenue due to
their determinisntic behaviour / constant bit rate. The decrease in demands of
type 3 and type 4 users is that we have to keep the total spectrum utilization
index less than or equal to 1 i.e. 2?21 kin < 1. The upper bounds of type 1
and type 2 users are 0.4 and 0.3 respectively. Similarly, the lower bounds of
type 3 and type 4 users are 0.2 and 0.1 respectively. AP keeps on adjusting
the demand indices until the targeted required total revenue at 3, % profit is
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achieved. Now, when P4p(,) decreases, rather than enjoying the extra profit
it can earns due to unfairness in spectrum allocation, it decreases the type
1 and type 2 users spectrum utilization and increases the type 3 and type 4
users spectrum utilization until targeted required revenue at 3, % is achieved.
The maximum limit of adjustment is that 1 ,=kK2 n=K3n=K4,=0.25 i.e. to-
tal fairness. If Pyp(,) further decreases, then AP will only maintain spec-
trum utilization of end users and will enjoy the excess profit. Similarly, when
P4 p increases beyond the limit of maximum allowed unfairness i.e. k1 ,=0.4,
k2 n=0.3, k3,=0.2 and k4 ,= 0.1, AP will not adjust the demand indices fur-
ther, rather it will have to bear the loss. AP implements the algorithm 1 to
perform fixed pricing admission control.

Algorithm 1 Fixed Pricing Admission Control Algorithm

1: procedure FIXED PRICING ADMISSION CONTROL
2 for each interval t € T do
3 if t =1 then
4: k1= 0.25
5: ko= 0.25
6: k3= 0.25
7 Kka= 0.25
8 Calculate Pj,P2,P3 and P4 using
St PikiC = Pap(1+ ),

Py = 4Py,
Py = 3Py,
and P3 = 2P4.

9: else

10: if % | Pi;C<Pap(1+ f) then

11: while 3°7_ | Pir;C<Pap(1+ 8) do

12: k1 = k1 + 0.03.

13: k2 = k2 + 0.01.

14: k3 = k3 — 0.01.

15: k4 = kg — 0.03.

16: end while

17: else if 37 | P;x;C>Pap(1l+ B) then

18: while 327 | Pir;C>Pap(1+ 8) do

19: k1 = k1 — 0.03.

20: ko = ko — 0.01.

21: k3 = k3 + 0.01.

22: kg = kg + 0.03.

23: end while

24 else

25: K1 = K1.

26: K2 = K2.

27: K3 = K3.

28: K4 = K4.

29: end if

30: end if

31: end for
32: end procedure
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4.8.2 Variable Pricing Scheme and Admission Control

Variable pricing scheme is for those users which are conscious about their QoS
requirements at the expense of the price they pay. At the start of first interval
i.e. when users query for spectrum, AP performs admission control for all four
types of users such that type 1 users get the highest percentage of spectrum i.e.
maximum upto 40 % of available spectrum, type 2 gets maximum upto 30 %,
type 3 upto 20% and type 1 upto 10%. In the first interval, when the demands
of all four types of users is more than available spectrum resources, AP first of
all trims the demand of type 4 users upto a maximum limit i.e. x; , =0.1. If
the total demand is still more than the available spectrum resources, then AP
trims the demand of type 3 users upto the maximum limit of 0.2. If still there is
more demand, then AP reduces the demand of type 2 users maximum upto 0.3.
Similary the maximum limit for type 1 users is 0.4. Once the demands of all
four types of users are adjusted prices Py, P2, P53, and Py, are calculated
using the equation 21, subject to the condition that Py ,>P5 ,>P; ,>P, ,. In
this scenario also, for simplicity we assume that P ,=4Py n, P> ,=3Ps, and
Ps ,,=2P, . Now afterwards, in each interval of time, if there is an increase in
P4p(n), AP will increase the prices P ,,, P, P3,,, and Py, without changing
their spectrum allocation. Similarly, a decrease in P4 p(y) will result a decrease
in prices Pin, Pop, Ps, and Py ,. AP implements algorithm 2 for variable
pricing admission control.

5 Simulations and Results

For simulations, we implemented this framework in MATLAB. We assumed
that o and 8 equal to 10%, total number of unlicensed end-users equal to 100
[10] with data arrival rates randomly distributed between 100 kbps to 1000
kbps [10]. For uniformity, we set L, ,, equal to 1000 bits [10], X,, equals to
1000 kbps [10] and service rate’s distribution follows Gaussian Distribution
[10]. The shape parameter s for Gaussian Distribution is set to be 3.066 [10],
P, is assumed to be 10 cost units per MHz and + is varied between 1 to 4
[1]. The details of the results for fixed and variable pricing admission control
algorithms implementation are discussed in following sub sections.

5.1 Fixed Pricing Admission Control

Figures 5 to 7 refer to results of fixed pricing admission control algorithm
implementation. Fig. 5 shows the demand indices of all four types of users
which are adjusted by the AP subject to changes in P4p in different time
intervals. It can be observed from the figure that, in first interval, AP has
allocated equal spectrum resources to all four types of users i.e. demand indices
equal to 0.25. At this stage there is maximum fairness in spectrum allocation
to all four types of end users. As shown in Fig. 6, prices for all four types
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Algorithm 2 Variable Pricing Admission Control Algorithm
1: procedure VARIABLE PRICING ADMISSION CONTROL

for each interval t € T' do

3 if t =1 then

4 while % k;>1, do

5: if k4>0.1 then

6: kg4 = kg — 0.01

7.

8

else if k3>0.2 then
: k3 = k3 — 0.01
9: else if kK2>0.3 then

10: k2 = k2 — 0.01

11: else if k1>0.4 then

12: k1 = k1 — 0.01

13: else

14: k1 = 0.4

15: ko = 0.3

16: k3 = 0.2

17: kg4 = 0.1

18: end if

19: end while

20: else

21: K1= K1.

22: Ko= K29.

23: K3= K3.

24: K4= K4.

25: end if

26: Calculate Pj,P>,P3 and P4 using

St PikiC = Pap(1+ B),
P = 4Py,
Py = 3Py,
and P3 = 2Py.

27: end for
28: end procedure

of users (Py, P>, P3 and P;) are set at this stage. Refering to Fig. 7, as the
P4p increases in the next interval, so does the total required revenue by AP
i.e. Z?:l P;k;C. It can be observed that using algorithm 1, AP increased the
spectrum allocation to type 1 and type 2 users and decreased the spectrum
allocation to type 3 and type 4 users until required total revenue target is
achieved. The reason for decrease for type 3 and type 4 is that we have to keep
the total spectrum utilization index less than or equal to 1 i.e. E?:l Kin < 1.
The required total revenue was achieved by adjusting the spectrum allocation
to all four types of users, without changing the price they are being charged.
Now the fairness factor has been reduced.

Again refering to Fig.5, in next intervals of time, as the P4p decreased,
the AP decreased the k1 and ks, and increased k3 and k4 until required total
revenue (at S rate of profit) is achieved. Instead of earning the extra profit, AP
increased the fairness among users. The maximum limit is the %100 fairness.
As Pjp is further decreased than maximum fairness limit, then AP did not
changed the demand indices, rather it earned the extra profit. This limit is
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shown by dotted line labeled ‘Lower Limit’ in Fig. 7. Similarly, if the increase
in Pap was beyond the limit of maximum allowed unfairness (k;=0.4, k2=0.3,
k3=0.2 and k4=0.1), then AP had to bear the loss. This limit is shown by a
dotted line labeled ‘Upper Limit’ in Fig. 7.
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Fig. 5 Total spectrum utilization and demand indices for all four types of users (k1, K2,
k3 and k4) (Fixed Pricing Admission Control)
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Fig. 6 Prices (P1, P2, P3 and P4) charged to all four types of users (Fixed Pricing Admission
Control)
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Fig. 7 Price paid by AP (Pap), total revenue generated by AP and revenue generated by
individual users. (Fixed Pricing Admission Control)

5.2 Variable Pricing Admission Control

Figures 8 to 10 refer to results of variable pricing admission control algorithm
implementation. As it can be seen in Fig. 8, in first interval, AP did the
admission control of end users such that Zle kin < 1. First of all, AP trimed
the demand of type 4 users upto the maximum limit that x4=0.1, then AP
trimed the demand of type 3 users upto the maximum limit that xk3=0.2.
Following this practice, as the demand was still more than supply, then AP
trimed the demand of type 2 and type 1 users upto the maximum limit that
k2=0.3 and k1=0.4 respectively. After the demand indices were adjusted, then
AP calculated the prices Py, P», P3 and P4 using algorithm 2. In next intervals,
whenever the P4p changed, AP did not changed the demand indices of the end
users rather it calculated the prices Py, P>, P3 and Py to achieve the required
total spectrum target. The prices Py, Py, Py and P, paid by each end user (for
100 intervals) are shown in Fig. 9 and the revenue generation by individual
users and the total revenue generated by the AP are shown in Fig.10.

6 Conclusion

In this work, a pre-existing TVWS database framework (WhiteNet) has been
modified by adding two new modules in it i.e. PDB and QDB. PDB deals with
pricing issues and QDB deals with QoS characterization and admission control
issues. Moreover, two pricing schemes with admission control are presented.
Simulation results show that the fixed pricing scheme is useful for the users
who are conscious about the cost they pay and variable pricing scheme is use-
ful for those users who are conscious about the QoS requirements’ satisfaction.
It has been observed that in case of fixed pricing scheme admission control,
if the price of the available spectrum increases then the fairness related to
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Fig. 8 Total spectrum utilization and demand indices for all four types of users (k1, K2,
k3 and k4) (Variable Pricing Admission Control)
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Fig. 9 Prices (P, P2, P3 and P4) charged to all four types of users (Variable Pricing
Admission Control)

spectrum allocation to end users decreases as the system tries to maximize
the spectrum utilization of users which have most deterministic and constant
data rate and vice versa. There is a certain limit for increase in price of avail-
able spectrum resources as beyond a certain limit, system cannot increase the
spectrum allocation to end users and it has to bear the loss. Moreover, if the
price of available spectrum resources decrease beyond a certain limit (maxi-
mum fairness among users) then system’s profit start to increase, as maximum
fairness has already been achieved. Overall, our proposed framework is a good
improvement in FCC’s TVWS database framework.
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Fig. 10 Price paid by AP (P4p), total revenue generated by AP and revenue generated by
individual users. (Variable Pricing Admission Control)
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