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Abstract 0
According to the recently published report by the Federal Comm
Commission, the spectrum regulatory authority in the United States, tra |but|on
across the radio spectrum is extremely uneven. The phenomenon c |zed to
improve the multimedia content sharing. This pape dses model of
multimedia sharing in wireless communication net multimedia

sharing mechanism offer services to users who w ess he edia networks.
At the same time, it does not affect the QoS of eX|sy|ng We numerical results
show that the proposed sharing mechanism provide hlgher thteughput and quality of
service than the existing system. é

probabilities

1. Introduction A

As a program of enter ent and \the time, video/audio program is certainly a

<
Keywords: multimedia content sha Q t\@)us time Markov chain, failing

good choice. Some co wish to the multimedia network freely, that is to say,
they want to enj ithout payi (called unlicensed user or non-paying user). Non-
paying users ca rogra ntinuity and advertisement’s occurring frequently,

the video playing needs waiting for a long time (20

ould choose to give up these programs, which causes the

ansport process to fail. The purpose of this paper is to design

anism, which can make non-paying users enjoy better payment
e, without affecting the QoS of existing paying users.

regulation has advantages, for example, it is easy to manage. But

isadvantages, for example, spectrum resources cannot meet the needs of

there are\Igj
users.@ demand for spectrum resource increases rapidly (e.g., [1-3]), there are

advertising pt
a multimedia sharin
services, at the s

Existing spe

incre more challenges and complications yet ironed out. For example, the
pl n of a large portion of the assigned wireless spectrum is uneven [4], leading to
utilization of a significant amount of spectrum. According to the published report by
he” Federal Communications Commission (FCC), unlicensed portions of the spectrum
(e.g. 2.4GHz and 5GHz bands) are heavily occupied by most wireless networks operate
(e.g. WLAN and WiFi), whereas the licensed portions of the spectrum (e.g. TV White
Space band) are used sporadically. Hence, dynamic spectrum access (DSA) techniques
were proposed to solve these spectrum inefficiency problems in which the non-paying
users can exploit unused portions of the licensed spectrum while safeguarding the
transmissions of the paying users. The sharing scheme provides the capability to share the
wireless spectrum resource with non-paying users in an opportunistic operation. On the
one hand, robust CR can effectively suppress interference to nearby licensed users in [5].
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On the other hand, [6] study the interaction between CR and Digital TV. The images are
shown on video graphics array monitor in real time [21]. The energy effective MAC
protocol is superior in improving throughput and multimedia transmission delay [22].
Video multicast and video conferencing systems in WLAN are studied in [23].

For the non-paying users, the spectrum availability varies as the licensed user’s access.
This characteristic complicates coordination among the non-paying users during data
transmission. In order to cope with the characteristic, non-paying users achieve several
important functions. Some aspects have been studied well (e.g., spectrum sensing) [7-15].
However, there are a lot of problems to tackle in sharing.

It is due to the better sharing scheme can improve the User Experience (UE) and
network performance greatly, so scholars actively study the correlative technology and
many excellent mechanism are emerging in the past ten years. Compared with the optimal
model and competitive model, the cooperative model [16] could reach the maximum total
profit for unlicensed users with better fairness. A modified 802.11-based oppor nistice
spectrum access is proposed for single-channel wireless networks where lice
operate on a slot-by-slot basis. Continuous-time Markov chain was useg@%ped

analytical model and derive the expressions to compute the grade of ser rmance
metrics. Buffering mechanism is proposed for the unli ed su rioritized
unlicensed user traffic (i.e., high transmission rate |on rate) is

considered [17-21].

Unlike the above works, in this paper, we c ér prio \?n among the video
traffic and text traffic of non-paying users while atCessin ?&l ensed spectrum. For
example, the unlicensed users with video tra@ave hlgr@onty than those with text
traffic. Further, text traffic are going tob Q erated with ork coding if there is no
enough channel to access. We use co - -ti r\@ov chain to analyze the model.
The performance of the model is e\ﬂ din m\ he general parameters, such as
blocking probability of video a dlm affic, the%matlon probability of video and text
traffic, and the system thr% cludjn@th video traffic and text traffic of non-
paying users’.

2. Proposed Sygtgc@del ’\'\Q

The proposed N mod in Figure 1 consists of a licensed user network and
an unlicensr work. A lieefised user network, operating over a given service area,

contains a(l sed base n and licensed users. Then, an unlicensed user network
contains an tmiicensed i ation and non-paying users. The wireless spectrum is shared
by the paying usersghg“on-paying users. The paying users have the highest priority in
using the channel affic of non-paying users are classified into two priority classes.
The high prior& -paying user are denoted as video traffic user (VU) while the low
priority n@ng¢payifig user are denoted as text traffic user (TU). On one hand, the licensed
service can be extended to D2 by TU1 (i.e., relay link C2). On the other hand,
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base station @
D1: primary transmission distance  D2: expanded transmission distance

C1: primary transmission link C2-C5: relay transmission link
LUi: The ith licensed user

Figure 1. System Model \/‘
Ehe

The system model of proposed sharing mechanism is presented in Fig@

re a
higher priority is given to video traffic over text traffic. For non;payingss xt traffic
is replaced with video traffic to access channel when onl %hannel dle. Both video
traffic and text traffic of SU are going to be dropped e occupied by
licensed users. Otherwise, the text traffic of non-p erc

e bl
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Figure 2. Proposed Users Sharing Mechanism
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3. Steady State Performance Analysis

In this section, we develop the model using continuous time Markov chain (CTMC).
The state of the CTMC is defined as (i, j, k) , where 1€ (©L2,-m) je(0L2:m) gpq
ke(12:m) represent the number of ongoing licensed user, video traffic of non-paying

user and text traffic of non-paying user in the scheme respectively. A valid state (i, j, k)
should not exceed m.

Table 1. System Parameters

m The number of all licensed channels

! The number of ongoing PU, i€(0L2,---,m)

j The number of ongoing video traffic of SU, 1€(012,-,m)

\ 2
k The number of ongoing text traffic of SU, ke(©L12,:-, m)’_. Q

transition probability from state, i j@\tate ) / ,\9

3

b The state spac%
A Avrrival \ L
M The mean of ser seMmes, \
\ 3
Tk The steady st@te iIity for a‘sai J, k)

The state of the Markov chain rﬂg?m de@ & =, 1,K) we assume that the

licensed user, video traffic o g use ext traffic of non-paying user arrival
processes follow Poisson pr wit & | rate il, 4 and ’13, respectively. The
t

service times for the an ex ial distribution with mean 1/ ”1, 1/*2 and
*

1/”3, respectivelN i,j, KLr t a system state , where i, j, k denote the number of

icensed ideo traffic of non-paying user and text traffic of non-

channels used b@g
paying use@ tively. T@ys em state transitions in ‘¥ can be depicted in Figure3.

Figure 3. System State Transitions Diagram in 3-Dimension
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The evolution of the state (i, j, k) of the Markov process is presented under three cases:

i+j<m,k=0 )
I+ j+k<mk=0 @)
i+j+k=m @)

According to dynamic multimedia sharing scheme of system presented above, the
system state transitions diagram can be obtained as in Figure3. On the basis of the
transition rate diagram, we can get the set of global balance equations as following.

Objective:
{1l w7y 75 - 7} @)
s.t.
Zjlffiguiilﬂjgp V)
i:u177(i i.0) _ﬂ’lﬁ(i—l ot j,uz”(i i0) _Az”(i,j—m) v
4760~ (D)7 50 + A7 10) 0
“Hs TG +/127T(| i.0) (J+1),U271'(. j+ %

LTG5 = AT + T V

AT ik T k:usﬂ(i,j,k) _Q V

+k A, /(m _i)”(i,j,k) < (i+1,j kgd)

+jA (M=) Jd%ﬂ(lﬂj 1k\% (7
T jk) = @k) | ('0&& } 8)

Z”mk)
- e o g oty 1
While, the total number o upie &Q in the state (i, j, k) should satisfy the
following condition: @_ %

{(i, ] kx j+k<m}

(10)
where Ji d &ransm bility from state | to state J. 7.1 denotes the
steady stat ility for tate (| j, k). Then, Combining equatlons above and solving

Tty 70y 73 "

the linear progfam (5) , We can get ( ’7['). The array can be calculated

with the flow show

1: Initializ@meters, calling rate and service time of multimedia users;

21 )
CQeif(km)

real-time call=1

. elseif 1I=M)
6: non-real-time call=1
7 end if
8: endif
9 :endif

10 : for (0: number of real-time user)
11 :  for (0: number of non-real-time user)
12: for (0: number of buffering user)
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13: calculate steady states;

1 2 3
Ty Ty 7t

14 : ‘
15 : seek matrix, len = state space;
16 : for (0: len)

17 ©  calculate V' ;

4. Performance Evaluation

Based on the steady state probability analysis, QoS performance metric can be
calculated, including system throughput, termination probability and blocking prob ility*
The met”c IS eXpreSSEd by funCtiOn Q’\“[Thl’ Ptermmaﬂon, Pblock] Where Thl’ Pter% nd

abi

Puiock are denoted as throughput, termination probability and blocki lity,
respectively.

For the video traffic of non-paying user, it may bewpted l%amval of a
licensed user call when no channel is idle. Let Rt V.d\/ interruption
probability of video traffic. SO Prermination_video CaN b al d as

P S

termination _video

(11)
Then, the probability that a chann pled ded text traffic is reclaimed by a
PU is k/(m-i). For the text traffic termlnatlon _te note interruption probability of text

traffic. SO Prermination _text CaN b, as 0

— ;.
Rermina &'Jk)e‘l’lk om—i ik
Q : e
\ (i,j,k)e¥| (12)
Video traﬁlc{;& oded te ¢ will be blocked when no channel is idle. Let
t

Pbiock_video a ext Wted as blocking probability of video traffic and text traffic,

respectivelynSo’ blocki ability for video traffic and text traffic can be calculated,

respectively, as
Ox

block _video — Z T ik
(i, j.K)ePli+]+k=m k=0 (13)

% Pblock_text = Z T ik
(i, K)ePli+ j+k=m (1)

L@enote the total traffic load of SU. Thus, the throughput can be calculated as

Thr = Z ﬂi,j‘k( Z Tkt Z ”i,j,k/‘z)
(i j )< ¥m (i K)o j=L (i j K)o ¥lk=L (15)

Further, the QoS mentioned above can be given.

5. Numerical Results

After description of the sharing scheme implementation of the non paying users, we
present numerical results by comparing the proposed scheme with general scheme. For
example, let HandOff-1 denote the method with fair scheme, HandOff-2 denote the
method with priority scheme (e.g., video traffic and text traffic for non-paying user), and
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HandOff-3 denote the scheme proposed. In the experiments, we set m=5, 4 e [0.01, 0.1],

H—1gH2 =104

As shown in Figure 4 and Figure 5, the proposed scheme can provide lower
termination probability and blocking probability than others for non-paying users. In
Figure 6, the analysis result of system traffic load is given. With the rapidly increasing of

data arrival rate, the proposed handoff scheme can support the largest system load. In
Figure 7, we can find that the proposed handoff scheme can achieve the best performance.

[ =rmeHandofi1 |
.| —t—Handoff2 |.. |
-+ ¥+ HandOff-3
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Figure 4. Comparison of Terminatio @@bablll %lth Different Handoff
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Figure 5. @arison of Blocking Probabilities with Different Handoff
Schemes
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Figure 6. Comparison of System Throughput
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Figure 7. Comparison of System Spectrum Resource Utility

\/’
6. Conclusion ?“

In this paper, we proposed a novel model of multimedia ghaing in wi network
and analyze how to improve the non-paying users’ QoS&%gh ma@cal method.
Numerical results also showed that the proposed hamQ\ héme «€an efCctively match

the theoretical analysis. \/
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