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Abstract: Since FCC’s opening for white
space (WS) utilization, database-assisted
dynamic spectrum access (DSA) has become
the de facto solution for the realization of
dynamic spectrum sharing (DSS), due to its
simplicity and compatibility with commercial
off-the-shelf (COTS) devices. It is envisioned
that such technology will strongly support the
prosperous wireless multimedia networking
(WMN) applications with satisfying QoS
guarantees in the future. However, how to
counter the time-frequency variant property
when exploiting the WS spectrum for the
provision of these services to secondary
users (SUs) still remains a great challenge.
In such context, a dynamic secondary access
scheme for database-assisted spectrum
sharing networks is proposed in this paper.
In the beginning, the spectrum requirements
of SUs for diverse services are modeled by
considering the minimum required service
data-rate and spectrum access duration.
Afterwards, the spectrum demand evaluation
and bidding policy are formulated based on the
service classes of SUs. Furthermore, a doublephase (DP) spectrum allocation scheme, which
consists of the initial resource allocation phase
and resource allocation adjustment phase, is
carefully designed for DSA. Finally, extensive
simulations are conducted and the results
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demonstrate that our scheme can increase the
spectrum trading revenue and adapt to varying
service requirements.
Keywords: dynamic spectrum allocation;
quality of service; white-space spectrum;
secondary access networks;

I. INTRODUCTION
It has been pinpointed that the bottleneck for
improving the wireless spectrum utilization
efficiency is the static spectrum allocation
strategy. Such problem is aggravated with the
increasing demand on multimedia contents.
Fortunately, database-assisted dynamic spectrum access (DSA) in the under-utilized TV
bands has emerged and has the capability to
alleviate the situation [1][2]. It enables unlicensed users in secondary access networks to
opportunistically share the available whitespace (WS) spectrum without the need of
spectrum sensing of unlicensed users, which
are customarily referred to as secondary users
(SUs).
The efficient coordination for the dynamic access of secondary spectrums of a huge
number of SUs is still under discussion in a
database-assisted DSA network. In [3], X.
Chen et al., discussed a database-assisted distributed spectrum sharing approach by using
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the cooperative and non-cooperative game,
respectively. In [4], M. Fitch et al., investigated how to apply the cognitive radio technique
to provide the wireless services in TV space.
However, most of the existing works focus on
the general single/multiple channel(s) resource
allocation issue [5][6], where the temporal,
spectral and spatial characteristics of resource
are considered. In fact, how to meet the specific requirements of SUs is also critical in
designing spectrum allocation scheme for
database-assisted spectrum sharing networks,
e.g., the delay sensitive requirement and the
multiple service classes, etc. To provide sufficient quality of service (QoS) guarantee for
SUs, Alshamrani et al., in [7] proposed a spectrum allocation framework for heterogeneous
secondary real-time and non-real time users,
respectively. In [8], Shiang et al., considered
diverse rate requirements and delay deadlines
in the proposed dynamic channel selection
solution. In addition, Torabi et al., in [9] proposed a rank-optimal channel selection strategy which helps QoS provisioning in terms
of the average throughput. Jha et al., in [10]
proposed a novel priority based channel reservation scheme for delay sensitive applications.
In [11], S. Gunawardena et al., investigated
the service response time of elastic data traffic
in cognitive radio networks.
The database-assisted spectrum trading
technique for TV white space is another widely investigated issue and is convinced as an
efficient DSA service provisioning approach
[12][13]. In [14], Xin et al., proposed a demand spectrum access as a service approach
to achieve DSA. With the booming of DSA
service provision by the way of secondary
bandwidths trading market [8], the goal of
this paper is to focus on the practical bidding
scheme design for database-assisted DSA,
which considers different service priorities
and SUs’ QoS requirements, i.e., the minimum
required service data-rate and minimal required spectrum access duration. In this work,
we firstly model spectrum application requirements of SUs based on the multimedia service
features. What is more, an evaluation function

of secondary bandwidths for the bidding decision making is defined, in which the strategy
of SUs can be formulated based on the different service classes. Moreover, we propose
a double-phase (DP) spectrum allocation
scheme to support the DSA for diverse service
applications. It is a bidding based spectrum
allocation method, which is composed of the
initial resource allocation phase and resource
allocation adjustment phase. With two main
features, the proposed DP scheme can adapt to
the variation of diverse service requirements:
1) in the bidding strategy, the users with different priorities can claim different prices for
their required secondary bandwidths; 2) by
introducing a practical and flexible preemption rule, in which an energy cost metric is
considered in the preemption process, and by
setting different preemption ratios for energy
consumption compensation to the preempted
users, the auctioneer is able to control the
number of preempted bidding winners in different application scenarios, e.g., the energy
constrained multimedia applications. The main
contribution of our work is two-fold:
• We characterize the services with distinct
secondary spectrum requirements and formulate the resource bidding behaviors of
SUs based on their corresponding service
classes. Such model can shed light on the
design of practical bidding strategy for SUs
in the database-assisted WS spectrum trading market.
• We propose a double-phase dynamic spectrum allocation scheme to support prioritized services such as real-time multimedia
applications. In this way, better service can
be provided to the users with higher priority
while achieving significant improvement of
revenue.
The reminder of this paper is organized
as follows. The network model is presented
in Section II. In Section III, the modeling of
service requirements and problem formulation
are provided. In Section IV, we present the
double-phase dynamic spectrum allocation
scheme. The evaluation results and discussions are given in Section V. At last, we close
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the paper with conclusions.

II. NETWORK MODEL
We consider a spectrum database-assisted
DSA scenario for self-organized wireless multimedia applications in secondary spectrum
access networks, as shown in Fig. 1, which
consists of a spectrum allocation coordinator
and multiple SUs to opportunistically access
to the unused WS spectrum. Here, we define
that SUs only need to report their locations
and spectrum resource requirements to the
coordinator, and the coordinator can dynamically allocate the available spectrum to SUs
with a bidding approach. The set of SUs is
denoted by N = {n1,n2,n3,...,nK}. Considering
the time and frequency variance of obtained
t
WS spectrum, let am (m = 1, 2, ..., M) denotes
the availability of channel m at time-slot t,
where M is the total spectrum channel number,
atm = 1 represents channel m is available for
SUs, otherwise, it is busy. The total available
channels at the time-slot t can be represented
M
atm = Γt .
as
m=1

III. SERVICE REQUIREMENTS MODELING
AND PROBLEM FORMULATION
Typically, for wireless multimedia services,
different applications will have their own
requirement features. Here, we consider two
main parameters for different multimedia services: the minimum required service data-rate
vmin
and minimum required spectrum access
n
i

duration l , which are elaborated in the folmin
ni

lowing,

Fig.1 A spectrum database-assisted dynamic spectrum access scenario

Θn can be calculated based on Shannon-Hartley theorem, and is expressed as follows,
 2
n · gn 
Θn = ω · log2 (1 +
), ∀ni ∈ N (1)
(σn )2
i

i

i

i

i

Where ω denotes the spectrum bandwidth of
one standard channel, n denotes the power
allocation, gn denotes the channel gain and
(σn )2 denotes the channel noise level.
i

i

i

Definition 2 ( ln ) Given that SU n i has
min
i

Φn -bit burst multimedia data to transmit, the
minimum required spectrum access duration
lnmin has to meet the maximal one-hop commui

i

max
min
max
nication delay requirement cn , i.e., ln = cn .
i

i

i

To calculate the minimum required spectrum access duration, the maximal one-hop
communication delay of SU n i for Φn -bit
burst data transmission can be estimated by
Φn
cmax
= min , ∀ni ∈ N .
n
vn
i

i

i

Definition 1 ( vn ) Given that the SU ni with
min
i

data transmission task can estimate the achievable data rate of one unit of channel, i.e., Θn
min
. The minimum required service data-rate vn
i

i

can be guaranteed by applying minimum nummin
ber of required channels kn , which satisfies

i

Lemma 1 For SU ni, to reach the minimum
min
required service data-rate vn , the relationship
i

between the minimum number of required
min
channels kn and the minimum required speci

min
trum access duration ln can be expressed as:
i

i

min
min
the relationship that vn = kn · Θn .
i

i

i

The achievable data rate of one unit channel
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knmin =
i

Φn
, ∀ni ∈ N
lnmin · Θn
i

i

(2)

i

Proof According to the transformation of
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min
min
(2), and combining the equation kn = νn /Θn ,
i

i

i

we can get the proof.
To allocate varied available channels
among SUs with different application requirements, we utilize the bidding approach for
allocating spectrum. At each time slot, any SU
who plans to start a service can submit a tripreq req
let (βc,n , kn , ln ) to the auctioneer (i.e., the coordinator for the secondary access networks),
which is defined as a spectrum request set.
Definition 3 (Spectrum request set) We
req req
define a triplet (βc,n , kn , ln ) as the spectrum
request set of SU ni, where βc,n denotes the bid
req
of user, kn denotes the number of required
i

i

i

i

i

i

i

i

req
channels, ln denotes the applied spectrum aci

req
min
cess duration, and we define that ln = ln .
i

i

Before claiming the spectrum request set to
the auctioneer, SUs will evaluate and set current resource request parameters for competing and obtain the dynamic spectrum access
opportunity. For any ni, the utility function of
unit channel can be given by
Ui = βd,n · Θn − β p,n · n − βc,n (3)
∆

i

i

i

i

i

Where βd,n is the data-rate evaluation value
in unit of $/(bits) and β p,n is the power consumption cost value in unit of $/(W · s) .
Generally, the SUs in the licensed networks
are selfish, they try to maximize their utility
Ui which makes an incentive for the spectrum
application. However, the factual application
demand regulates their spectrum claims, i.e.,
the spectrum usage should reach the minimum
min
required service data-rate vn , minimum rei

i

i

quired spectrum access duration l , and the
power constraint µ ,ρ ∈ [0, ρmax ] . From the
perspective of SUs’ benefit, we formulate the
revenue evaluation function under the factual
application requirement as follows,
min
ni

i

j

Maximize
s.t.

Ui · ln · κn
i

ni ∈U

(a)
Ui ≥ 0,
(b) n ∈ [0, ρmax ]
(c) Θn · κn ≥ vmin
n

i

(4)

i

i

i

i

Since the utility of user ni is not only related
to the bid price but also other parameters such
as data-rate evaluation value and power con-

69

sumption cost value. In specific, the data-rate
evaluation value is based on factual service
class. The more urgent service requirement,
the higher data-rate evaluation value that the
SUs will be given. Correspondingly, user ni
will bid probably higher price in the dynamic
access competition. Because the bid price is
also related to the power consumption cost
according to the Eq. (3) in the utility function,
SU ni has to decide the optimal transmission
power.
Lemma 2 The optimal power transmission
σ2n
βd,n
∗

=
−

for SU ni is denoted by n
g 2 ,
ln 2 · β p,n
n
i

i

i

i

a n d β p,n i s a c o n s t a n t i n t h e
 2
 2


gn  · βd,n
gn  · βd,n

,
 2
2
 2
(σn + ρmax · gn  ) · ln 2 σn · ln 2
i

i

i

i

i

i

i

i

i

range of


 .


Proof For any SU ni, due to the power consumption cost, it can maximize the resource
benefit in the dynamic spectrum access via
power control. The resource benefit can reach
∂Ui (n )
= 0,
the maximum value when Ωi =
n
∂Ui (n )
Ωi =
n
βd,n
=
− βd,n = 0 (5)
σ2n
(  2 + n ) ln 2
gn 
i

i

i

i

i

i

i

i

i

under the constraint of β p,n and when
n ∈ [0, ρmax ] , it can be easily found that,
σ2n
βd,n

≤
−

Ωi ≥ 0 if n
g 2 , which inln 2 · β p,n
n
i

i

i

i

i

i

i

dicates Ωi is monotonically increasing; and
σ2n
βd,n

>
−

Ωi > 0 if n
g 2 , which indiln 2 · β p,n
n
i

i

i

i

i

cates Ωi is monotonically decreasing. Hence,
σ2n
βd,n
−  2 is the optimal transmission
ln 2 · β p,n
gn 
i

i

i

i

power.
Combined with (1) and the optimal trans∗
req
mission power n , kn can be given as,
vmin
n
knreq =
 2
∗n · gn  (6)
ω · log2 (1 +
)
(σn )2
i

i

i

i

i

i

i

Lemma 3 The upper bound of bid price ￼
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i

i

i

Proof For all users in the spectrum applicants, they can only be incentive to
bid the spectrum iif the whole evaluated value U i should be more than 0, i.e.,
βd,n · Θn − β p,n · n − βc,n ≥ 0 . Combining with
∗
the optimal power consumption n , we can
i

i

i

i

i

i

easily get the proof.
Lemma 4 The upper bound of bidding
up
price βc,n is a monotonically increasing with
respect to data rate evaluation factor βd,n .

i

The value of β up
c,n

(7)

i

100

50

0
1

i

i

i

i

The funciton of U

that SU ni could bid for the channel is
βd,n
βd,n
βup
)−
+Λ
c,n = βd,n · log2 (
Λ · ln 2
ln 2
 2
Where Λ = σ2n · β p,n gn  .

2

3

4

5
6
The value of β up
d,n
i
(a)

7

8

9

β

500

10

up
=5.5
d,n
i

The maximal bidding price

0
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5 10
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40

i

50
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The value of β up
c,n
(b)
i

80
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100 108

i

Proof Take the first order derivative with
respect to βd,n in (6), we have
∂βup
βd,n
c,n
= log2 (
)
(8)
βd,n
Λ · ln 2
W h e n βd,n = Λ · ln 2 , w e c a n g e t t h a t
∂βup
c,n (βd,n )
= 0 . Hence, to prove up
βc,n (βd,n ) is
βd,n
i

Fig.2 The relationship between the bid price βc,n and βd,n
i

i

i

i

i

i

i

i

i

i

i

always monotonically increasing, we should
prove that βd,n ≥ Λ · ln 2 . For 0 ≤ θ ≤ 1 ,
 2
 2
θ · gn  · βd,n
(1 − θ) · gn  · βd,n
β p,n =
+
 2
σ2n · ln 2
(σ2n + ρmax · gn  ) · ln 2
i

i

i

i

i

i

i

i

i

(9)
σ2n · β p,n
Combining Λ =  2 with (9), we can
g 
i

i

ni

have

σ2n · β p,n
 2 · ln 2
gn 
(1 − θ) · σ2n
 2 · βd,n
= θ · βd,n +
2
(σn + ρmax · gn  )
2
simplify
σ2 + ρmax · gn  · θ
 2
⇒ 1≥ n2
σn + ρmax · gn 

βd,n ≥

i

i

i

i

i

i

i

(10)

i

i

i

i

i

i

Obviously, from (10), we can get that for any
βd,n βd,n ≥ Λ · ln 2 > 0 . Hence, the proof is
i

i

completed.
Remark 1 In many widely applied wireless networks, the varied spectrum evaluation
prices βd,n indicates different spectrum access
priorities, e.g, for the time-sensitive services
and some critical transmission services, the
SU prefers to set a higher spectrum evaluation
price.
i
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The evaluation setting βd,n is critical in
factual application. For example, for some
time-sensitive services, SUs prefer to get
the spectrum usage right rapidly. Hence, the
evaluation price of the service rate could be
higher than other services. In addition, for the
same spectrum applications, one SUs’ priority
level is higher than others, e.g., in VIP spectrum applicants, the evaluation price for the
service rate could be higher. Fig. 2(a) shows
the relation between the bid price βc,n and the
data rate evaluation factor. From this monotonically increasing relationship, we can see
that the diverse services can be achieved by
setting different values of βd,n . Therefore, βd,n
i

i

i

i

is very critical for differentiated services. Fig.
2(b) shows the relationship between the utility Ui and the bid price βc,n given a data-rate
evaluation value βd,n . Note that with the increase of bid price βc,n , the achieved utility
decreases since the user needs to pay more to
the auctioneer when it wins the bidding. The
upper bound of bid price, shown as circled
point in Fig. 2(b), is the bid with the utility of
zero since the rational users cannot bid a price
higher than this value, which will lead to a
negative utility.
i

i

i
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Available Spectrum
Information
Initialization

t =1

Modeling
Service
Requirement

t=2

Bidding

Preemption

Ending

Initial
Resource
Allocation

Resource
Allocation
Adjustment

Resource
Usage
Charging

Phase 1: Initial Resource Allocation. We
denote that the spectrum allocation at instant
time t=1 is the initial resource allocation
phase. We consider that all start users submit
their bid prices βc,n in a sealed-bid way, and
up
βc,n is among [0, βc,n ] . At instant time point
i

i

i

A New Service Arrives

s
t=1, the start user set is denoted by N1 . Based
on the bid prices of SUs, the initial spectrum
allocation is to maximize the following objective:

∆
Π1p = argmaxN
βc,n
(11)
n ∈N

s.t.
knreq ≤ Γt ,
t = 1 (12)
n ∈N
s
1

Fig.3 A double-phase spectrum allocation process by bidding for diverse secondary access services

i

i

i

s
1

s
1

i

Where Π is the set of winners (successful
1
p

IV. DOUBLE-PHASE DYNAMIC
SPECTRUM ALLOCATION SCHEME
In factual wireless communication applications, different applications have their
own service requirements and priorities. We
propose a double-phase dynamic spectrum
allocation scheme, namely DP, to achieve the
diverse QoS provisions such that the wireless communication applications with higher
priority such as real-time multimedia can be
favored. As shown in Fig. 3, the proposed
scheme includes preliminary allocation phase
and resource allocation adjustment phase,
which are elaborated in the following section.
For ease of presentation, we divide SUs
into three categories: idle users, busy users
and start users. The idle users do not involve
any data transmission. Busy users are the SUs
whose services have started already, but do not
finish yet at this time slot. Start users just want
to initiate a service/transmission at this time
slot. Let Ntd , Ntb , Nts represent the sets of idle
users, busy users and start users at time slot t,
respectively. The spectrum allocation process
is performed slot by slot. At any time slot t,
s
SUs in Nt submit their spectrum request tripreq req
let (βc,n , kn , ln ) to the coordinator. To reduce
i

i

i

the information exchange overhead, the users
in Ntb do not need to submit their spectrum
request set again since they have submitted
before and their services don’t end.
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SUs) after the phase 1 at time slot t=1, with
0
the initial value Π p = 0 .
Phase 2: The Resource Allocation Adjustment. The resource allocation in phase 1 is
based on the bid price. In order to further
consider the service continuity, we introduce
the resource allocation adjustment phase. We
adopt a practical preemption strategy to control the allocation adjustment process, where
the power consumption compensation for the
preempted SUs is considered. Shown in Fig.
4, the preemption is triggered when any of the
following cases occurs: 1) available spectrum
resource changes (e.g., the change in the number or position of available channels); 2) some
new service requests with high priority are
submitted to the coordinator.
tp = tp1 − tp2 − tp3
(13)


t
min
nop =
bn · ln · kn +
bn · ln · knmin
n ∈Π
n ∈Π
 
i

t−1
p

i

tnop1

i

i

i

t
r

i

i

i

tnop2

(14)

Let Π

be the set of SUs who win the
t
resource at time slot t=1. Comparing Π p
t−1
p

t−1
with Π p , we define the set of preempted

SUs as the set of SUs who win the resource
at the time slot t=1, but don’t get the resource at the time slot t although they don’t
finish their services, which is denoted as
b
t
Πtpd = {ni |ni ∈ Πt−1
p , ni ∈ Nt , ni  Π p } . Since the

preempted SUs don’t finish their services, the
stop of their services will lead to the waste of
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resource consumed in previous slots. Therefore, in phase 2, the coordinator will do the
resource allocation adjustment by taking the
possible power waste and resource waste into
account. We adopt a practical strategy to control the allocation adjustment process in phase
2, where the power consumption compensation for the preempted SUs is considered. Specifically, the coordinator will calculate the pot
tential revenue with preemption  p and with-

t
out preemption nop , respectively, and then

make comparison to get the potential benefit
εt = tp − tnop . According to the comparison

results, the coordinator will make resource allocation decision including the following two
types of cases:
t
t
• (p − nop ) > 0. The coordinator will preempt the potentially preempted SUs in Π pd
for the larger total trading revenue.
t
t
• (p − nop ) ≤ 0 . The coordinator will not
t

preempt any potentially preempted SUs and
let the existing winners and the replacing
winners be the final winners.
t
In (13) and (14),  p is the bid pay1

ment from potential winners, and can be

t
bn · ln · knmin ; t
expressed by  p1 =
i

ni ∈Πtp1

i

i

p2

is the expected loss from the potentially
preempted SUs, and can be expressed by

tp2 =
bn · (t − tn0 ) · knmin ; t is the comj

n j ∈Πtpd

j

j

p3

pensation cost to the potential preempted SUs
for the wasted power, and can be expressed

t

=
η · (t − tn0 ) · knmin · ∗n ; t is the
by p3
Π
n ∈Π
j

t
pd

j

j

j

r

set of new winning SUs without considering
0
the preemption of SUs, tn is the time point
i

that one winner SU starts the transmission,
and η is the compensation ratio. Obviously,
0
η and t − tn can both control the preemption
i

ratio, the larger compensation ratio and the
SUs with longer time staying in the winner set
are hard to be replaced. The coordinator will
make different decisions according to different
values of εt , and the coordinator will target to
maximize the trading revenue for each slot by
adjusting the allocations, shown as
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Fig.4 The illustration of spectrum allocation process with bidding

∆

Πtp = arg max tp − tnop , t ≥ 2
N ∪N

s.t.
knreq ≤ Γt

(15)

s
t

b
t

(16)

i

ni ∈Ntb ∪Nts

Resource Usage Charging: The coordinator (i.e., auctioneer) charges each SU when it
finishes the service. Based on the second-price
sealed bid strategy [16], the total payment
of the SU is the sum of the payment it needs
to pay for the whole service period, and the
payment corresponding to each of these timeslots is the highest bid price of the losing SUs
at that time-slot. Notice that the coordinator
cannot collect any payment from the SUs that
are preempted in the middle of their services.
t
Let S f and ΠtL be the set of SUs that finish
their services at time t and the set of losing
SUs (i.e., SUs without obtaining the resource)
at the time-slot t, respectively. Hence, the revenue of coordinator at time-slot t is given as
follows:
t +l

 
Ψt =
max bn · ln ·knmin
(17)
n ∈Π
0
ni

ni

ni ∈Stf q=tn0i

j

q
L

j

i

i

up
Theorem 1: The truthful bidding bn = βn ,
∀ni ∈ (Stu ∪ Sts ) is a dominant strategy in the
up
proposed DP scheme, where βn is the maximum payment the SU ni could pay and given
in (7).
Proof We assume an SU ni with the truthful
up
bidding βn is one of the winners obtaining the
spectrum resource at the time-slot t, and the
i

i

i

i
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SUs is the same in these cases. In the case III,
ni doesn’t obtain any resource. Therefore, it
get zero utility, which is worse than the case
up
of the bidding price βn . Therefore, truthful
bidding is the best response of the SU ni. It has
no incentive to unilaterally deviate from this
bidding strategy. We can get the proof.
Theorem 2 DP spectrum allocation scheme
is benefit-undamaged for SUs.
Proof SUs can be divided into three parts:
1) the SUs who finish their service without
being preempted, 2) the SUs who don’t finish their service because of being preempted
and 3) the SUs who never win an auction and
1
become a winner in Π p . For 1), due to the

Algorithm 1: Double-Phase Dynamic Spectrum Allocation
t
min
Input: Γ , ω, n , gn , σn , bn , ln , kn , K, η
i

i

i

i

i

i

t
Output: The channels allocation set at time t, Π p

i

0
0
0
1: Π p = Π pd = Πr = ∅

t
2: Sort ni in Π p with ↓b
3: For t=1, do

ni

4:
5:

While



ni ∈N1s

knmin ≤ Γt
i

Π ∪ ni → Π and record tn0 .
1
p

1
p

i

6: End for
7: For t = 2, i ++, do
8: While new applicants arrived, do
9:

t
If ni ∈ Π p , do

0
min
∗
10: Calculate (t − tn ) · kn · (bn + η · n ) → bn
i

11:

12:
13:
14:
15:

i

i

i

i

t
Else n j  Π p do

min
Calculate bn · ln · kn → bn
j

j

j

SU’s rationality, it won’t transmit data without utility, so its benefit won’t be damage.
For 2), the AP won’t charge the preempted
SU ni, and will compensate it for its wasted
power, so ni will gain the extra compensation

tp3 =
η · (t − tn0 ) · knmin · ∗n . F o r η > 0 ,
n ∈Π

j

t
While bn > bn , ni ∈ Π p , then
j

i

t
t
ni ∪ Πtr → Πtr and n j ∪ Π p → Π p

End if

t
16: Return Π p

17: End for

j

Table I Parameters used in the simulations
Value

Size of channel ω
Preemption value η
Simulation times T
Number of SUs

 2
2
Channel gain gn  /σn
i

2W
100
100
200
103
[1,20]
[8,15]
[1,5]
[1,3]
[1,5]

i

Bidding price of SUs βc,n
Number of spectrum channel Γt at t
i

Number of required time-slot ln
Number of requimd channels by nj
Capacity of allocated power by nj
max
i

i

i

i


up
that ni provides another bidding price bn  βn
while other SUs don’t change their bidding

up
prices. There exist three cases: (I) bn > βn and

up
ni is still one of winners; (II) bn < βn and ni is
i

i

i

i

i

i


up
still one of winners; (III) bn < βn and ni is one
i

j

signed DP scheme can provide the diverse
services by setting different values of βd,n . For
instance, time-sensitive multimedia service
can set a larger data rate evaluation factor βd,n

j

t
L

j

i

{bn } . Given
payment it needs to pay is max
n ∈Π
j

j

ni’s benefit won’t be damaged. For 3), ni don’t
transmit at all, so its benefit won’t be damaged. We can get the proof.
Due to the attractive feature of truthful
bidding and the monotonically increasing relationship between the truthful bidding price
up
(i.e., βn ) and the data rate evaluation factor
(i.e., βd,n ) (See Fig. 2 in Section III), the de-



Parameters

t
pd

i

of losers; In Cases I and II, the payment of ni
up
is the same as the case of the bidding price βn
since the highest bidding price of the losing

such that it can have a larger truthful bidding
price, which results in a higher probability
to win the bidding and obtain the required
channels. The bidding process starts from the
time point t=1. Firstly, the coordinator ranks
the SUs in a non-increasing order according to
their bidding price, and then the coordinator
let X SUs with maximal bid prices to form
t
a new winner candidate set Π p . Finally, the
coordinator will allocate the Γt channels to X
SUs. The detailed double-phase dynamic spectrum allocation algorithm is given as follows.

i
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V. PERFORMANCE EVALUATION
We evaluate the performance of the DP
scheme by using Matlab, and the simulation
parameters are in Table 1.
We first give the matlab simulation results
about the preemption result illustration, shown
as in Fig. 5. Seen from Fig. 5, we can see that
during the preemption process, the chances of
some reservation winners will be canceled and
some SUs are preempted, which will increase
the total revenue without doubt.
We then give the spectrum trading revenues
comparison by applying different schemes.
Fig. 6 shows the achieved spectrum trading
revenue by the proposed DP scheme and the
dynamic spectrum scheme without preemption. It can be seen that the revenue achieved
by DP scheme is 16.9% higher than that by
the dynamic spectrum scheme without preemption, which means the spectrum trading
revenue can be improved by providing different spectrum resource allocation priorities.
Specifically, under different charging policies,
the proposed DP scheme charged with the
second-price can only achieve 86.6% of the
spectrum trading revenue by the proposed DP
scheme charged with the faucal bidding price.
To analyze the preemption ratio η on the
total trading revenue of our proposed dynamic
spectrum allocation scheme, Fig. 7 shows the
related simulation results. We can see that the
total trading revenue reduces with the increase
of preemption ratio (η=1,4,15). The main
reason is the reduced preempted number of
SUs. For more details, Fig. 8 shows the spectrum trading revenue statistic with different
preemption parameters. For instance, with the
increase of preemption ratio, i.e., from η=1
to η=15, the whole spectrum trading revenue
during the 120-slot spectrum access has reduced to 102%.
Furthermore, Fig. 9 shows the winner number distribution for two prioritized services.
From the spectrum access time-slot point 1 to
120, the service with higher priority can have
more chance to access the spectrum holes,
which indicates that the scheme can satisfy
China Communications • January 2015

Fig.5 The preemption result illustration

Fig.6 The tracking of spectrum trading revenue of different spectrum allocation
schemes

Fig.7 The tracking of spectrum trading revenue with different η
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different service requirements. Fig. 10 shows
the preempted ratio statistic of SUs with
different preemption parameters. With the
increase of preemption ratio (η=1,4,15), the
preempted ratios of SUs are 30.91%, 21.2%,
15.19%, respectively.

VI. CONLCUSTIONS

Fig.8 The spectrum trading revenue statistic with different η

Fig.9 The winner number distribution for two prioritized services

A database-assisted dynamic spectrum sharing
scenario for wireless multimedia networks is
studied in this paper. A double-phase spectrum
allocation scheme is proposed to deal with the
distinct characteristics of the multimedia services such that the diverse QoS requirements
of secondary users are met. First, different
service types are modeled accordingly. Then,
by taking into account the diverse services priorities, the auction is elaborately formulated,
which incorporates the resource evaluation,
bid price making and power control for SUs.
Finally, a practical and efficient dynamic
spectrum allocation scheme is developed, in
which the preemption operation is adopted for
improving the whole resource revenue. Our
future work may include further improvement
on the spectrum revenue in WS spectrum trading market by designing an incentive-compatible charging policy for dynamic secondary
user access.
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