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Abstract: In current researches on spectrum leas-
ing, Common model and Property-right model 
are two main approaches to dynamic spectrum 
sharing. However, Common model does not con-
sider the obligation of Primary System (PS) and 
is unfair to Secondary System (SS), while the 
cooperation based on Property-rights model has 
problems on its feasibility. This paper proposes a 
novel system model, in which a Cost-Prediction 
scheme for Spectrum Leasing (CPSL scheme) is 
designed to forecast the cost that PS would pay for 
leasing spectrum. Cost Function is introduced as a 
criterion to evaluate the potential cost of spectrum 
leasing for PS. The simulation results show that 
compared with Common model based scheme, 
CPSL scheme substantially improves the QoS of 
the delay-sensitive traffic in SS at the cost of a 
small degradation of PS performance.
Key words: cognitive radio; spectrum leasing; cost 
prediction; dynamic spectrum sharing; CPSL

I. IntroduCtIon

Traditionally, radio spectrum is statically allo-
cated to licensed wireless systems. However, it is 

observed that spectrum utilization is very low in 
some frequency band. For example, [1] shows that 
the utilization of frequency band from 300MHz to 
3GHz, which has good propagation characteristics, 
is lower than 6%. Moreover, compared with the 
low utilization of frequency band, the demand for 
radio spectrum shows a more rapid growth. Ac-
cording to the International Telecommunications 
Union (ITU) report[2], the estimated total spectrum 
bandwidth requirement for the year 2020 ranges 
from 1280 to 1720MHz. Consequently, researchers 
began to seek for a more flexible and comprehen-
sive utilization of the available spectrum.

Cognitive Radio (CR), which is proposed by Dr. 
Joseph[1][3], is designed to improve the spectrum 
utilization in wireless communication based on the 
concept of dynamic spectrum sharing[4]. In cogni-
tive radio networks, radio spectrum can be shared 
between primary and secondary users so as to in-
crease the spectrum utilization.

Dynamic spectrum sharing in CR allows mul-
tiple secondary users to access the radio resource 
dynamically. With dynamic spectrum sharing, us-
ers can adaptively and intelligently use the availa-
ble radio resources in dynamic radio environment. 
There are many valuable achievements obtained 
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in this field. Among these researches, two main 
approaches to dynamic spectrum sharing have 
emerged[5][6][7]:

Common model: In this framework, Primary 
System (PS) is authorized to use specific frequency 
band and behaves without considering the exist-
ence of Secondary System (SS). SS can sense the 
spectrum holes and access appropriate spectrum 
without disturbing the PS.

Property-rights model: In this framework, PS 
owns the resources of specific frequency band to-
gether with the right to decide whether to lease part 
of its spectrum to SS in exchange for appropriate 
remuneration.

This paper focuses on the spectrum leasing in 
Cognitive Radio, which is a solution to dynamic 
spectrum sharing. In spectrum leasing, SS obtains 
the rights to access PS’s radio resources through 
renting the frequency band of PS, so that the PS 
and SS can share spectrum together. Both Common 
model and Property-rights model are employed by 
spectrum leasing in previous work.

The main hindrance of Common model is the 
limitation on guaranteeing the quality of service 
(QoS) of SS, because PS behaves as if no SS was 
presented and has the privilege to withdraw the 
authorized spectrum rented to SS unconditionally, 
which leads to frequent handovers of secondary 
users. It is unfair to adopt Common model in spec-
trum leasing, since PS disregards for the obligation 
to ensure the right of SS to use the spectrum for 
rent and guarantee the QoS of SS.

Property-rights model is still a debated issue in 
researches for the diversities between the spectrum 
and real property. In the research on spectrum 
leasing some researchers propose that PS leases 
spectrum to SS in exchange for the cooperation of 
SS, but actually the diversity of communication 
systems make it difficult to design an SS which 
can cooperate with different PSs. Therefore the 
cooperation based on Property-rights model has 
problems on its feasibility

To solve the problems in current researches, 
system model of spectrum leasing should be modi-

fied. The work of this paper starts from the discus-
sion about relationship between the spectrum uses 
right of SS and the spectrum ownership of PS. 
Then a novel system model for spectrum leasing is 
proposed in this paper along with a corresponding 
spectrum leasing scheme, which is based on cost-
prediction. Using the proposed scheme, the QoS of 
SS is guaranteed, while the performance of PS is 
also mildly satisfied. 

The remaining sections of this paper are organ-
ized as follows. Section II introduces the related 
work in current research on spectrum leasing. 
The proposed system model is introduced in Sec-
tion III. Section IV proposes CPSL scheme and 
discusses the method of making leasing decision. 
Simulation designed to evaluate the scheme is in 
Section V. Section VI summarizes the whole paper.

II. related Work

In this section, we describe related work on spec-
trum leasing. The rationality of adopting Common 
model and Property-right model is discussed and 
the problems in current researches are analyzed.

Commons model is more widely used together 
with the tools such as Markov chains, Game theory 
and so on. [8] employs a two-level game, which 
jointly considers the benefits of PS and SS. How-
ever, the researcher only considers that SS provides 
service for non-real traffic such as temporary data 
transmission. [9] proposes a multi-winner spectrum 
auction framework for spectrum trading, but the 
traffic demand for QoS has not been considered. In 
[10], the author designs a system model in which 
the SS with best-effort admission will avoid the SS 
with Grade of Service (GoS) requirement. Markov 
chain is used in the analysis of system model. [11] 
assigns the users of SS different priority levels 
and uses a dynamic policy with hybrid priority to 
calculate secondary user’s non-preemptive prior-
ity. The researches of [10] and [11] improve the 
performance of SS by designing a spectrum access 
algorithm for SS while still guaranteeing that PS 
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has the preemptive priority to use the authorized 
spectrum.

Although the spectrum leasing schemes us-
ing Common model are feasible to some extent, 
there are still problems. In these researches PS is 
allowed to get back the spectrum leased to SS un-
conditionally. Therefore it is difficult to guarantee 
the QoS of SS. However, considering the specific 
characteristics of spectrum leasing, adopting Com-
mon model in spectrum leasing is unfair to SS. 
The most significant difference between spectrum 
leasing and other approaches to dynamic spectrum 
sharing is that PS can obtain extra revenue from SS 
through spectrum leasing[12]. Thus as a permit-
ted holder of the spectrum it rents, SS is entitled to 
use the spectrum continuously without any inter-
ruption. In particular, without protection against 
arbitrary seizure or harmful trespass of a spectrum 
holder’s property interest, individuals and firms 
are unwilling to make the long term capital invest-
ments that are necessary to create products and 
services dependent on the resources[13]. For this 
reason, in the research of spectrum leasing it is ir-
rational for Common model to assume that PS has 
preemptive priority over authorized spectrum. 

In the research of spectrum leasing, Property-
rights model is also adopted. [5] and [14] propose 
a framework in which a primary link has the possi-
bility to lease the spectrum to an ad hoc network of 
secondary nodes in exchange for cooperation via 
distributed space-time coding. In the system model 
of [15] the primary user decides whether to exploit 
cooperation from secondary terminals in order 
to maximize its own transmission rate while sec-
ondary terminals maximize their rate discounted 
through spectrum leasing. The theory of Stackel-
berg games is introduced to analyze the problems.

However, as mentioned before, the cooperation 
in current research demands that SS can support 
cooperative communications with different PSs, 
but actually the diversity of communication sys-
tems makes it nearly infeasible to design such a 
secondary node which can cooperate with different 
types of PSs.

III. system model In CentralIzed 
arChIteCture

3.1 System model based on cost-prediction
The spectrum use right of SS and the spectrum 
ownership of PS are a pair of contradiction in spec-
trum leasing. If SS can rent and use the spectrum 
unconditionally, so long as it is willing to pay for 
it, the performance of PS will be affected seriously 
by spectrum leasing. In contrast, if PS can take 
back its spectrum without regard to SS, SS will be 
encountered with frequent handovers and its per-
formance will be poor. 

In other words, spectrum leasing cannot only be 
regarded as a technical aspect of spectrum sharing, 
but also as a trading process in a cognitive radio 
environment. And that means interests of both 
sides in trading should be protected. On one hand, 
PS should have the right to master its authorized 
spectrum resources. On the other hand, SS should 
be protected against arbitrary seizure of the spec-
trum for rent. As a consequence a suitable system 
model should consider the both sides mentioned 
above.

Based on the analysis above, this paper proposes 
a system model based on cost-prediction. Details 
are shown as follows.

In this system model, both PS and SS are net-
works with centralized architecture and have their 
own authorized spectrum. The wireless network 
who rent radio resources from other system is 
called SS in this model; while the network who 
leases radio resources is called PS. Spectrum 
leasing is necessary and possible in such type of 
scenario for the diversity of different wireless 
networks. That means characteristics of different 
networks, such as network coverage and users’ 
behavior, will cause the imbalance of system load 
and the variation of spectrum demand in the same 
area. Therefore spectrum leasing is a suitable solu-
tion. 

When the resources of SS are exhausted in cer-
tain area, the SS base station in this area would 
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request to rent resources from PS nearby to satisfy 
its users’ access demands. Even though the user 
of SS is using non-authorized spectrum, user’s de-
mand for QoS still needs to be guaranteed, which 
means it is necessary to ensure that the resources 
that SS use will not be withdrawn arbitrarily. So in 
this model we assume that once the radio resources 
are rent to SS, SS can use it without interruption 
until it releases the resources by itself.

However, the above assumption will deteriorate 
the performance of PS. Particularly, when system 
load of PS base station is heavy or the arrival rate 
of PS traffic is high, the blocking and dropping of 
users will become more serious for PS because it 
cannot regain the resources rented by SS timely. 
So in this model, a cost-prediction scheme for 
spectrum leasing (CPSL scheme) is adopted, which 
means PS can decide whether to lease spectrum ac-
cording to the cost it would pay for spectrum leas-
ing. PS predicts the cost according to the informa-
tion that it collects from SS and PS itself. Through 
this scheme, PS can forecast the consequence be-
fore making decision, and the negative impact on 
PS brought by spectrum leasing can be restricted 
and controlled by PS. Figure 1 shows the system 
model proposed in this paper.
3.2 The Process of Spectrum Leasing
The process of spectrum leasing in the above sys-
tem model can be divided into three steps, which 
are shown as follows.

The first step is triggering spectrum leasing. The 
spectrum leasing is event-triggered. When the re-
sources of SS base station are exhausted and mean-
while there are traffics requesting to access the 
base station, the base station will trigger spectrum 
leasing process to avoid the blocking or dropping 
of users. 

The second step is sending spectrum leasing re-
quest. SS base station communicates with PS and 
sends request to PS. The request will contain the 
information that PS needs for predicting the cost 
of spectrum leasing, such as Traffic characteristics 
and so on. 

The third step is making spectrum leasing deci-
sion. After receiving the spectrum renting request 
from SS, PS begins to analyze the cost that it 
would pay for leasing spectrum, using the informa-
tion from SS request and PS itself. Then PS will 
decide whether to lease resources to SS and which 
PS base station will lease spectrum to SS base sta-
tion based on the cost-prediction. The decision will 
be made according to the following formula:

{ |{c | min({ | })}}c c c thF C C C { | }c c thC C C≤ ≠ ∅≤
leaseF =

{ | }c c thC C C≤ =∅∅





Where 
Fc is the frequency band owned by PS Base Sta-

tion c;
Cc is the cost that PS would pay for spectrum 

leasing according to PS’s prediction if Base Station 

Resource 
Exhausted

Cost 
Prediction Make Decision

Primary System

Secondary System

Traffic Characteristics
……

System load
Arrival Rate

Traffic Characteristics
……

Accept Reject

Fig.1 System Model based on Cost-prediction

(1)
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c lease radio resources to SS;
Cth is a threshold for the decision making of PS, 

which means only if the leasing cost Cc is lower 
than Cth, PS will allow to leased Fc to SS ;

Flease is the frequency band that PS decides to 
lease to SS after analysis. In (1), if Flease is equal to 
∅, PS will reject the request of SS for there are no 
suitable radio resources for leasing.

Once PS receives spectrum leasing request from 
SS base station, it will calculate spectrum leasing 
cost of all base stations in the same area as the SS 
base station that sends request. When the spectrum 
leasing is complete, SS would not release the re-
sources rented from PS until the traffic of SS, who 
uses the rented radio resources, is completed.

IV. Cost-predICtIon sCheme For 
speCtrum leasInG (Cpsl)

This section introduces corresponding scheme 
based on the proposed system model, which is 
called CPSL scheme, to calculate the criterion Cc 
of decision making for PS. In Section 3.1, the im-
pact of spectrum leasing on PS is analyzed based 
on the system model proposed above. In Section 
3.2, the method to calculate the Transition Prob-
ability is discussed.
4.1 Criterion of cost-prediction
To simplify the representation, the parameters used 
in the subsequent discussion are summarized as 
follows:

r is the number of channels that SS requests to 
rent from PS.

N is the number of traffic types that PS supports.
M is the number of traffic types that SS sup-

ports.
c is the serial number of PS base station.
Hc is the total number of channels that PS Base 

Station c has. The channels are mutually orthogo-
nal in frequency domain, For example, PS employs 
frequency division multiple accessing.

ξc(t) is the number of channels which have been 
used in Base Station c at Time .This parameter also 

denotes the load state of Base Station c
n represents the traffic type of PS. 1≤n≤N.
m represents the traffic type of SS. 1≤m≤M.
hn is the number of channels that Type n traffic 

needed.
λn,c(t) is the arrival rate of Type n traffic in Base 

Station c of PS at Time t. This parameter is a statis-
tic, which is an estimate obtained through observ-
ing the arrival rate of traffic in the past.

λc’(t) is the number of channels needed by the 
new arriving traffics per second in PS Base Station 
c.  

μn,c(t) is the departure rate of Type n traffic in 
Base Station c of PS at Time t. This parameter is 
also a statistic like λn,c(t).

μc’(t)  indicates the number of channels released 
by completed traffics per second in PS Base Sta-
tion c.

Rn is the average revenue which PS network 
operator can get from Type n traffic, such as one 
telephone call and so on.

mT  is average lasting time of Type m traffic of 
SS.

When SS base station requests to rent spectrum 
from the PS Base Station c (BS c), if BS c accepts 
the request and allows SS user to access the radio 
resources of BS c, the resources rented by SS can-
not be used by the users of BS c and the available 
resources for BS c users will become less. There-
fore leasing spectrum to SS will bring the perform-
ance degradation to PS, and the blocking rate and 
dropping rate of BS c may rise. It is the potential 
cost PS would pay for leasing radio resources.

Based on the analysis above, PS has to predict 
the potential cost that it would pay for leasing 
spectrum before deciding whether to lease spec-
trum to SS. For this reason, we introduce Cost 
Function as a criterion to evaluate the cost.

The Cost Function of single PS base station is 
firstly considered. Assuming i channels of all the 
Hc channels of BS c have been occupied at Time t0, 
namely ξc(t0) is equal to i (BS c is in the State i), 
and then the state transition probability of BS c can 
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be designated as follows:

, 0 0( ) { ( ) | ( ) }i j c cp t P t t j t iξ ξ= + = =              (2)
Let Δt denote a very short period of time and 

during (t0+t, t0+t+Δt] probability pi,j(t) can be treat-
ed as a constant. Then pi,j(t)Δt is the time length 
when BS c is in State j during (t0+t, t0+t+Δt].  If 
the load state ξc(t) is contained within the state set 
{Hc-hn+1,Hc-hn+2,……Hc} during (t0+t, t0+t+Δt], 
Type n traffic of PS will not be allowed to access 
BS c, for there are less than hn channels left for 
Type n traffic when BS c is in these states. The 
number of Type n traffics which would be rejected 
to access during (t0+t, t0+t+Δt] can be derived as 
follows:

 , ,
1

( ) ( )
c

c n

H

n c i j
j H h

t p t tλ
= − +

∆∑                                   
(3)

SS would not release the resources rented from 
PS until the traffic of SS, who uses the rented 
radio resources, is completed. Then the average 
lasting time of Type m traffic in SS is used as the 
estimation of time from SS renting the spectrum 
to releasing it. The number of Type n traffic which 
would be rejected to access during (t0, t0+ mT ] can 
be derived as follows:

 
0

0
, ,

1
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(4) predicts the number of Type n traffics which 
would be rejected to be served by BS c during (t0, 
t0+ mT ]. If all these traffics accessed successfully, 
the revenue which these Type n traffics bring to PS 
would be

0

0
, ,

1
( ) ( )
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(5)

We use the potential revenue that BS c would 
lose for system blocking during (t0, t0+ mT ] as the 
criterion for spectrum leasing decision. Consider-
ing PS can support N types of traffics, we define 
Cost Function as:

0

0
, ,

1 1
( , , ) ( ) ( )

cm

c n

HN t T
m c n c i j nt

n j H h
T i H t p t R dtλ

+

= = − +

Ι =∑ ∑∫         (6)

(6) is the prediction on the potential revenue that 
BS c would lose for system blocking during (t0, 
t0+ mT ]. If BS c agreed to lease the spectrum which 
corresponds to r (r ≤ Hc-i) channels to SS, the 
channels available for users in BS c would be Hc-
i-r instead of Hc-i, for PS cannot withdraw chan-
nels leased to SS timely. The potential revenue BS 
c would lose for system blocking would increase, 
for the performance of BS c may be degraded by 
leasing spectrum. 

The Cost Functions are calculated separately on 
condition that spectrum leasing request is rejected 
and that spectrum leasing request is accepted. The 
difference between the two Cost Functions is the 
cost BS c would pay for leasing spectrum, which 
can be derived as follows:

( , , ) ( , , )m mc c
c

T i H r T i HC Ι − − Ι= 
∞     (6)

In (6), Hc-i≤r≤Hc means BS c does not has 
enough frequency bands to lease, so Cc is set as 
positive infinity under this condition.

When costs of all base stations, which are in the 
same area as the SS base station that sends request, 
are calculated, PS will use (1) to decide whether 
to lease radio resources and which PS base station 
will lease spectrum to the SS base station.
4.2 Analysis of transition probability
In order to calculate the spectrum leasing cost, the 
variable pi,j(t) should be obtained. Thus this section 
will discuss the method to work out the transition 
probability pi, j(t) in the (6).

The arrival rates and departure rates of different 
types of traffics cannot be used as the arrival rate 
and departure rate of BS c, because the numbers 
of channels, which different types of traffics need, 
are not the same. In this case, we use λc’(t) and 
μc’(t) as the arrival rate and departure rate of BS c 
separately during (t0, t0+ mT ]. λc’(t) and μc’(t) can be 
obtained as follows:

 ,

1 ,1

( )
'( )

( )

N
n c n

c N
n n cn

t h
t

t

λ
λ

λ=
=

=∑
∑                                  

(7)
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Assuming that {ξc(t),t≥0} is a countable ho-
mogeneous Markov process and state space is 
{0,1,2……}, pi,j(t) meets the conditions of birth-
and-death process[16]. Therefore {ξc(t),t≥0} is a 
birth-and-death process

In this birth-and-death process, the death rate 
of State i is equal to iμc’(t), while the birth rate of 
State i is equal to λc’(t). Considering the condition 
that PS does not lease spectrum to SS, Markov 
chain has Hc+1 states. The state transition of Mark-
ov chain is show in Figure 2. The Kolmogorov 
equations of this birth-and-death process are

,
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λ µ
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(9)

The initial condition of the equations is 
 

, ,( )i j i jp t δ=                                                   (10)

If the BS c agreed to lease the spectrum which 
corresponds to r channels to SS, the number of the 
states in Markov chain would be reduced to Hc-r. 
The Kolmogorov equations on transition probabil-
ity can be listed similarly. 

ance of CPSL scheme with the traditional spectrum 
leasing scheme based on Common model. 

The simulation parameters are set as Table 1:

i-1 i+ 1 Hci0 21

i- 1 i0 1

0 1 i i+ 1

 
 

 
  

Fig.2 The state transition of Markov chain model

Parameters Value
Number of base stations in simulation area PS:12   SS:8
Numbers of traffic types system supports PS:1    SS:1

Number of channels each base station owns PS:32    SS:36
Maximum delay handover user can bear PS:200ms    SS:200ms

Maximum delay new user can bear PS:3s    SS:3s
Average lasting time of traffic PS:30s    SS:30s

Number of channels that traffic occupies PS:1    SS:2
Simulation time 200s

Simulation step size 10ms
The handover probability of user 0.74

The distribute of traffic arrival rate Poisson Distribution
The distribute of traffic lasting time Exponential Distribution

Table 1 Simulation parameters

5.2 Result analysis
In the simulation, the traffics of PS and SS are 
both delay-sensitive. Consequently, dropping rate 
is used to evaluate QoS of users, and system per-
formance is evaluated through average throughput 
of base station.

Figure 3 shows the impact of leasing threshold 
Cth on dropping rate and the average throughput 
of PS and SS. Four curves are obtained under dif-
ferent arrival rate of PS base station, and SS are 
in heavy load during simulation time. The leasing 
threshold is normalized in the figures.

In Figure 3(a) and Figure 3(b) it can be observed 
that along with the increase of leasing threshold, 
dropping rate of SS decreases while dropping rate 
of PS increases, and the curves in Figure 3(a) is 
flatter than that in Figre 3(b).That is because PS 
restricts the negative impact on QoS of PS brought 
by spectrum leasing through predicting the poten-
tial cost before making decision. Comparing the 
four curves in Figure 3(a) and Figure 3(b), it can 
be found that when the arrival rate of PS is low, 
raising leasing threshold can significantly improve 
the QoS of SS and the degradation of PS QoS is 
not serious. By contrast, when the arrival rate of 
PS is high, the improvement of SS QoS is limited, 
because PS tends to reject the spectrum leasing 
request in order to decrease potential spectrum 
leasing cost when the system load is heavy, which 
means probability that PS would accept request is 

V. sImulatIon and result analysIs

5.1 Design of simulation
System level simulation is introduced to evalu-
ate CPSL scheme based on the proposed system 
model. Firstly, we use simulation to study the rela-
tionship between leasing threshold Cth and system 
performance. Secondly, we compare the perform-



2010.4    39

 BroadBand & digital Content

宽带与数字内容

smaller.
Figure 3(c) and Figure 3(d) shows the rela-

tionship between leasing threshold and average 
throughput. Similar conclusions about system 
performance can be drawn from Figure 3(c) and 
Figure 3(d). The average throughput of PS hardly 
degrades when the leasing threshold is rising, and 
there is nearly no marked increase on average 
throughput of SS when the arrival rate of PS is 
high.

According to the analysis above, we can draw 
the conclusion that the CPSL scheme is more suit-
able for the condition that the system load of PS is 
not very high. Otherwise, the advantage brought 
by spectrum leasing will not be very prominent. In 
addition, the simulation results reveal that PS can 
adjust the leasing threshold dynamically in accord-
ance with system load so as to adapt the change of 
traffic arrival rate.

In the simulation the performance of CPSL 
scheme is compared with the traditional spectrum 
leasing scheme based on Common model. Figure 
4 shows the simulation results, which is obtained 

when the normalized leasing threshold is equal to 
0.4 and the system load of SS is heavy. 

Figure 4(a) indicates that the PS dropping rate 
of CPSL scheme is a little higher than that of Com-
mon model based scheme, for PS cannot withdraw 
radio resources timely. When the arrival rate of 
PS is high, the dropping rates of the two schemes 
are nearly the same. Figure 4(b) shows that the 
dropping rate of SS can be decreased significantly 
especially when the arrival rate of PS is very high. 
That is because in Common model, when the sys-
tem load of PS is heavy, the probability that PS 
takes back the spectrum is high correspondingly, 
which will cause the SS users handover frequently. 
In Figure 4(c) and Figure 4(d) the curves of the 
two schemes almost coincides, which means the 
throughput are similar when adopting the two 
schemes.

Through the analysis of Figure 4, it is shown 
that compared with the scheme based on Common 
model, CPSL scheme substantially improves the 
QoS of the delay-sensitive traffic in SS at the cost 
of a small increase of PS dropping rate. The simu-

(a) (b)

(c) (d)
Fig.3 The impact of spectrum leasing threshold 
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lation results show the proposed system model has 
advantages of guaranteeing the QoS of SS over 
Common model, and the SS adopting proposed 
model can provide service to real-time traffic.  

VI. ConClusIons

A novel system model for spectrum leasing, which 
is applied to networks with centralized architecture, 
is proposed in this paper. In the model, PS decides 
whether to lease spectrum according to the cost it 
would pay for spectrum leasing, and SS is permit-
ted to use rented spectrum without interruption. To-
gether with the system model, the CPSL scheme is 
put forward and Cost Function is defined to evaluate 
the potential cost that PS would pay for spectrum 
leasing. Simulation results show that PS can con-
trol the effect brought by leasing spectrum through 
adjusting leasing threshold dynamically. Compared 
with the scheme based on Common model, CPSL 
scheme can significantly improve QoS of SS users 

at the cost of a small increase of PS dropping rate. 
Through adopting proposed model, SS is able to 
provide service to real-time traffic. 
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