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Adaptive Resource Allocation for Video Stream Based on Video
Stream Character and User Mobility in Wireless LAN

Yuki MINODA ™, Student Member, Katsutoshi TSUKAMOTO®, Member, and Shozo KOMAKI', Fellow

SUMMARY In this paper, an adaptive resource allocation scheme for
video stream based on vidgo stream character and user mobility in wire-
less LAN is proposed. The proposed adaptive allocation scheme allocates
the time slots according to the kind of the real-time or non real-time video
stream, the required bit rate of video stream and user’s mobility by each
user. In the proposed system, when user requests the non real-time video
stream and its dwell time is smaller than the service time of the video
source, more time slots are allocated to the user. When user requests the
non real-time video stream and its dwell time is larger than the service
time of the source video, or when user requests the real-time video stream,
minimum amount of the required time slots are allocated. The computer
simulation results show that the proposed allocation scheme can achieve
the better performance than the conventional allocation schemes which al-
locate the time slots only considering the required bit rate or user’s dwell
time.

key words: radio resource management, radio agent, user mobility, dwell
time, spot radio access

1. Introduction

Realizing the dream of ubiquitous network, various radio ac-
cess systems are required to use complementary. Wireless
LAN (Local Area Networks) standard is the most broad-
band interfaces among many air interfaces. IEEE 802.11
a, b or g are assumed to replace the wired LAN to wireless
in a home or an office environment. They have achieved
54Mbps although wireless WAN (Wide Area Network) has
not achieved it yet. It enables users to connect to the Internet
as well as to retrieve various kinds of video stream services
such as VoIP (Voice over IP) or VoD (Video on Demand).

The wireless LAN has been considered to adapt to the
other different situations recently. The hot spot service with
wireless LAN has taken off at public spaces such as airport
or cafe. CALM (Communication Air interface for Long and
Medium range) [1], which is one of the new standard of
ITS (Information Transport System), standardize the radio
access system based on IEEE 802.11a.

Many technical challenges are required when users
walk through or go through a wireless LAN access spot.
Mobility management is one of the challenges and Mobile
IP (Mobile Internet Protocol) [2] or SIP (Session Initiation
Protocol) [3] is able to solve [4]. However, the restriction of
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user’s dwell time is critical but not solved by these mobil-
ity management schemes. The dwell time is a period dur-
ing which a user stays in a particular wireless LAN spot.
If user walks through a spot with higher speed, it becomes
smaller. Although mobility management is able to change
the access network from wireless LAN to wireless WAN
seamlessly, the wireless transmission rate decreases when
user leaves out the wireless LAN access spot. It degrades
the service quality of small dwell time users because the re-
ceived data size at a wireless LAN spot is restricted by the
small user dwell time. Therefore, a small dwell time user
at wireless LAN spot has to be prioritized than a long dwell
time user and allocating much radio resources to small dwell
time users are required. Reference [5] has proposed data
transmission method for spot communication system. The
scheme controls transmitting data size according to the user
dwell time. It is able to reduce the traffic load in the wired
network. However, the received data size of small dwell
time user becomes small because the scheme reduces the
transmitting data size when the dwell of the user is small.
To improve the received data size of the small dwell time
user, the radio resource management considering user mo-
bility is required.

The wireless channel is not only strictly band-limited
but also impaired by the channel error due to the noises,
interferences, fading, and shadowing. It is difficult to ac-
commodate multiple video streams. IEEE 802.1 Ie standard
[6] enables resource management with IEEE 802.11 a, b or
g. EDCA (Enhanced Distributed Channel Access), which is
the extension of DCF (Distributed Coordination Function),
categorizes video streams to four categories and gives the
priority to them. However, criterion of the four priorities is
not standardized at the IEEE and depends on implementa-
tion of vendors. The radio resource management scheme for
mobile communication systems has considered [7], [8]. It is
able to utilize the radio resource effectively and to satisfy
the QoS (Quality of Service) requirements for various ser-
vices. Reference [7] has proposed adaptive wireless trans-
mission scheme for mobile communication system. The
scheme controls wireless transmission format according to
the required QoS parameters such as throughput, transmis-
sion delay and bit error rate. Reference [8] has proposed
the cross-layer adaptation for video stream. The adaptation
scheme selects time slots allocation and bit rate of video
stream according to the wireless channel quality and error
sensitivity of the video stream. It improves the PSNR (Peak-
to-Signal and Noise Ratio) of the video stream. However,
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these conventional resource management schemes cannot be
applied to the spot mobile communication systems because
they have not considered how to allocate the radio resource
according to the user mobility.

On the other hand, an each video stream source has
different character, the instantaneousness or the required bit
rate. From the point of instantaneousness, a video stream
is identified to two types. Non real-time stream data is en-
coded beforehand and transferred to the user when a user
requests. The user is able to download and store a future
data of non real-time video stream at a terminal buffer when
there are available network resources to transfer and a ter-
minal buffer is large enough to store. This is because non
real-time video stream was stored at the server previously.
The real-time stream data such as VoIP is encoded and car-
ried to a user immediately. The user is not able to receive
and store a future data at a terminal buffer because it is pro-
cessed instantaneously. From the point of the required bit
rate, the required bit rate for each video stream differs. Con-
sidering the difference of instantaneousness from the point
of user’s mobility, when more radio resource is allocated
to a user who requests non real-time stream, latency time
to download non real-time stream reduces by buffering at
a terminal buffer. This effect avoids the degradation of the
service quality of a small dwell time user. Therefore, the pri-
ority of non real-time stream is required to be higher when
small dwell time user request it in the wireless LAN spot.

We have proposed the adaptive wireless transmission
scheme considering user’s dwell time for spot access sys-
tem [9]. The transmission scheme selects high-speed modu-
lation format such as 64QAM (Quadrature Amplitude Mod-
ulation) when the dwell time of user is short. It can increase
the received data size of the short dwell time user. It shows
that considering the dwell time of users as QoS requirements
improves the service quality of users in the spot communica-
tion system. The scheme allocates the radio resources only
according to the dwell time of a user. However, the scheme
does not consider the difference of the kinds of real-time or
non real-time video stream and the required bit rate of video
stream. When more radio resources are allocated than user
requires to the real-time stream, it becomes the waste use
of the radio resource because users are not able to store the
future data of the real-time stream. On the other hand, when
the allocated radio resources does not satisty the required bit
rate of the video stream, the transmission delay degrades the
service quality of the received video stream. Therefore, the
performance of the scheme degrades when user requests the
various video streams of which the required bit rate and the
kinds of real-time or non real-time differ.

In this paper, we propose a novel radio resource alloca-
tion scheme for video stream based on video stream charac-
ter and user mobility in wireless LAN system. The proposed
scheme allocates time slots according to the user mobility
and the kinds of real-time or non real-time video stream as
well as the required bit rate of the video stream. In the pro-
posed scheme, service of a video stream is classified four
categories by kinds of video stream and user mobility. When
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a small dwell time user requests non real-time stream, more
time slots are allocated to the user.

In the following, Sect.2 describes the system model
and the proposed adaptive resource allocation scheme, and
in Sect. 3, a computer simulation evaluates the performance
of the proposed scheme. Section 4 concludes this paper.

2. System Description
2.1 Transmission Procedure of the Proposed Scheme

Figure 1 illustrates the block diagram of proposed resource
allocation system for video stream service. The base sta-
tions are connected to the real-time stream source and non
real-time stream source via the Internet through the Layer
7 router. When a user requests a data, the speedometer
on a terminal estimates its movement speed. In the pro-
posed transmission scheme, the terminal uploads its speed
to the mobility estimator via an uplink. Mobility estimator
equipped at the Layer 7 in the Layer 7 router estimates the
user movement status, m (= 0 or 1), static or moving. If a
user is estimated to go or walk through a wireless LAN spot
from user speed, it is categorized as moving (m = 1). On
the other hand, user is estimated to stay at the access spot
till the service ends, user is categorized as static (m = 0).
Table 1 describes the parameters of movement state, m, for
each user. Then movement state, m, is sent to the radio agent
[10]. Packet analyzer reads the required bit rate, j, the traf-
fic category, ¥, of video stream data. Table 2 describes the
traffic category, y. Traffic category, v, distinguishes the kind
of video stream. In the proposed scheme, two categories
real-time and non real-time stream are prepared. Then the

Non real-time| | Real-time
Streaming

Packet Processing |[ Timeslot

(Applicalim

Fig.1  The block diagram of the proposed system.

Table 1
Movement status
m
0 Static user
1 Moving user

User movement status .

Table 2

Traffic Category

Y
0 Real-time streaming

1 Non real-time streaming

Traffic category y for stream data.
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packet analyzer sends 8 and 7 to the radio agent. Based on
m, B and v, the radio agent allocates time slots, u, to the
user and passes them to the packet processing unit by means
of the header of each transmitted packet. At the radio base
station, according to the allocated number of time slots at-
tached to the packet header, the data is modulated a RF car-
rier at adaptive modulator and is sent to the terminals in the
allocated slots. The terminal demodulates the received data
and the packet processing unit reconstruct the original data
from received packets.

2.2 Proposed Algorithm
2.2.1 Allocation Policy

In this section, we describe the resource allocation policy
of the proposed adaptive resource allocation scheme. This
allocation scheme uses dynamic TDM (Time Division Mul-
tiplexing), which_is able to allocate U time slots arbitrarily
to an each user. Whitecap?2 [11], which is based on the pro-
visional plans of the IEEE 802.1le, adopts similar dynamic
TDM. In the proposed algorithm, buffer size of the terminal
is assumed large enough to accommodate the non real-time
video stream. The proposed algorithm introduces the four
service categories from user mobility, m, and traffic cate-
gory, y. Table 3 shows the classification of service class,
S.. u' denotes the required time slots to transfer an each
video source without service degradation. For example, if
user requests VoIP of 64 [kbps], u’ are calculated to satisfy
transferring at 64 [kbps]. Service is identified to the Class
0 or Class 1 when real-time video stream is requested by
static or moving user respectively. Service is identified to
the Class 2 or Class 3 when static or moving user requests
non real-time video stream respectively.

The proposed algorithm allocates u time slots accord-
ing to the service class, S.. At the Class 0 and Class 1
service, slot allocation is required to satisfy the minimum
number of time slots (¢ = 1 X u’) regardless of user mobil-
ity. This is because a future data of real-time video stream
is not able to transfer and store at a terminal buffer depend-
ing on its instantaneously. At the Class 2 service, time slots
are allocated to satisfy the minimum number of the required

Table 3  Classification of service class S .
Service Slot Allocation: u
Class S, | m | y (u’:Required
time slots)
Class 0 Real time stream u=1xu
S§:.=0 0 with static user
0
Class 1 Real time stream u=1xu
S.=1 1 with moving user
Class 2 Non-real time u=1xu
$Sc=2) 0 stream with
1 static user
Class 3 Non-real time u=(a+1)xu
(5.=3) 1 stream with (a:resource
moving user coefficient)
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time slots (¢ = 1 x u’) although latency time to finish trans-
ferring data improves when more time slots are allocated.
This is because static user is able to retrieve the entire video
stream at the wireless LAN spot. At the Class 3 service, the
service quality improves when many time slots are allocated
to the moving user at the wireless LAN access spot. This is
because the user is able to download and store a future data
when there are available radio resources to transfer. There-
fore, when there are many available time slots, time slots
are allocated as large as possible according to the resource
coefficient @. Resource coefficient a is calculated from the
available time slots. If there is a large available time slots, @
becomes a > 0.

2.2.2  The Procedure of the Proposed Algorithm

In this section, the procedure of the proposed algorithm is
described. Assuming that » users request data at the same
time. At first, the radio agent calculates the number of re-
quired time slots, u;, for ith user by the following equation.

- Bi
u, = {UX k,-Af] ()

k; [bps/Hz] is the normalized data rate of 25-QAM. If QPSK
modulation is used, k; equals 2 (k; = 2). B; [bps] is the re-
quired bit rate of video stream for ith user, and Af [Hz] is
the all the usable bandwidth. U is the number of time slots
of one TDM frame. The ceiling function [ ] which gives the
smallest integer greater than or equal to the given numeric
expression. Equation (1) is calculated from k;, Af, U and
Bi. For example, if k; is 2 [bps/Hz], Af is 12 [MHz], U is 32,
and S; is 2 [Mbps], u; becomes 3. Therefore, 3 time slots are
calculated as required time slots, u.

Then, the proposed algorithm allocates time slots for
Class 0 and Class 1 user. The allocated time slot, u;, of the
ith user is calculated as follows.

ui(Sc) =u; (S, =00rl) 2)

If service class of ith useris Class 1 (§. = 1), u; is assigned
to u;. This allocation is able to guarantee the required time
slots, u’, for real-time stream user.

After allocating time slots to Class 0 and Class 1 users,
the proposed algorithm calculates the resource coefficient,
a, which is described in Sect. 2.2.1, in Eq. (3).

L U-=-YL

v, 3)

a
U} is the sum of the Class 3 users’ required time slots, u’.
This coefficient shows an available time slots after allocating
required time slots, u’, for all users. If @ > 0, there is an
available bandwidth allocating for Class 3 user.

To allocate the time slots to Class 2 and Class 3 user,
the proposed algorithm judges whether the resource coeffi-
cient « satisfies the following inequality or not.

a=0 4)
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u=u; (for Class 0, Class 1) |
¥

[ a=(U-Zu YU, J

<y
Y

€s

Maximize the number
of users dllocating
u=u', (for Class 2, Class 3)

u~ u(for Class 2)
u,= (a+2)u, (for Class 3)

end M

Fig.2  The flow chart of the proposed algorithm.

If the inequality (4) is satisfied, there is an available band-
width allocating for Class 3 user. Therefore, the allocated
time slot ui for Class 2 or Class 3 user is calculated as fol-
lows.

[ @ 6=
ui(S(:) = { (O! + I)M: (Sc = 3) (5)

The main purpose of the proposed algorithm is to allocate
more time slots to the Class 3 user. In Eq. (5), (@ + 1) sat-
isfies (@ + 1) > 1 because the inequality (4) is satisfied.
Therefore, the Class 3 user is more prioritized than the other
service class user when there are available time slots. On the
other hand, if the inequality (4) is not satisfied, it means that
satisfying the required time slots, «’, for Class 2 and Class 3
user is difficult. Therefore, time slots are allocated to max-
imize the number of Class 2 and Class 3 user who satisfies
the required time slot.

$c=2)

ui(SC) = { (Sc — 3) (6)

S8

’
i
’
i

Users who do not allocate the time slots are rejected its re-
quest.

The proposed algorithm starts calculating when a new
user requests the data, the user completes to retrieve its re-
quest or a moving user who retrieves the data leaves out the
spot. Figure 2 show the flow chart of the proposed algo-
rithm.

3. Performance Analysis
3.1 Simulation Parameters

The computer simulation model is illustrated in Fig.3. We
assume that user requests real-time stream or non-real time
stream with probability P, and 1 — P, respectively. P, is
real-time stream probability which user requests the real-
time video stream. The required bit rate of real-time and
non-real time stream is R| and R, respectively. The service
time of the video stream is assumed 60 [sec] for both real-
time and non real-time video stream. The buffer size of the
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Real-time streaming
Source R; (bps)

on real-time streaming
Source R, (bps)

Fig.3  Simulation model of proposed spot wireless LAN system.

Table4  Simulation parameters.
Channel model Rice fading channel
(k =5[dB])
Frequency band 5.2 GHz
Bandwidth Af 12MHz
Spot length 50m
Maximum user number 8

Normal distribution
(Ave 9 km/h, o = 2 km/h)

Moving user speed

Static user speed 3 [kmy/h]
Average moving user 20 [sec]
dwell time !
Static user dwell Time 60 [sec]
Video service time 60 [sec]

User interval Exponential distribution

(Ave 20 [sec])

Multiple format (downlink) Dynamic TDM
(U = 32 [slots])
Frame Length 10 [msec]
Modulation format QPSK

terminal is assumed large enough to accommodate the video
stream of 60 [sec]. We assume that two types of user are as-
sumed to request the data. The first one is a moving user
whose dwell time in an access spot is smaller than the ser-
vice time of the video stream of 60 [sec]. We assume that
the speed of moving user follows the normal distribution on
averaged of 9 [km/h]. The average dwell time of a mov-
ing user is about 20 [sec] which is smaller than the service
time of video stream. The second one is static user whose
dwell time is long enough to retrieve all the video stream at
the wireless LAN spot. For simplicity of simulation model,
we assume that static user goes through the constant speed
of 3 [km/h] in the wireless LAN spot. Therefore, the dwell
time of the static user is 60 [sec] in this simulation. We also
assume that a new user who arrives at the spot becomes a
moving user with probability P, or static with probability
1 — P,,. The user interval is assumed exponential distribu-
tion. It is also assumed that the mobility estimator is able
to distinguish the moving and static users correctly. Table 4
shows the parameters used in this simulation. The shape of
the access spot is rectangle and the long side of the rectan-
gle is set to 50 [m]. Users walk the access spot along the
long side of the rectangle. The frequency and its bandwidth
are based on the IEEE 802.11a standard. Modulation for-
mat is selected QPSK modulation. The TDM frame length
is 10 [msec] and one TDM frame has 32 time slots (U = 32).
The Rice fading channel is assumed in a wireless environ-
ment and the average channel CNR is assumed to be the
same in every access spot. The average interval of the re-
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start of the proposed algorithm is between several seconds
and several tens of seconds in this simulation. It is long
enough compared with the frame length for transmitting the
speed information. Therefore, the overhead to transmit the
speed information via uplink is ignored in this simulation.

In this paper, we evaluate the average service time per-
formance of the proposed scheme. We define the average
service time T, as the average value of the received ser-
vice time T among the users. We define “the received ser-
vice time performance T,” as the received data size, that is,
the playing period users are able to play the video stream
continuously with satisfying both the required bit-rate and
the no transmission delay in the wireless link. For example,
if a user is able to play 20 [sec] video stream continuously,
the received service time is 20 [sec].

3.2 Average Service Time Performance for Each Service
Class

Figures 4(a), (b) and (c) show the average service time per-
formance for each service class versus the non real-time
stream bit rate R,. In this figure, parameters Ry, P,, P, are
assumed 64 [kbps], 0.5 and 0.5 respectively. For compari-
son, the performance of the “Band-equal,” “Bit Rate” and
“Mobility” schemes are also shown. Band-equal scheme al-
locates the bandwidth equally for all users. Therefore, time
slots are allocated u; = U/n with n users. Bit Rate scheme
allocates bandwidth to satisfy the required bit rate 5 of user
and without considering the service class S .. Time slots are
allocated o = 0 in Eq.(5). Mobility scheme allocates the
bandwidth with considering user mobility m without consid-
ering the required bit rate 3 and traffic category S.. It shows
the equivalent performance with the adaptive wireless trans-
mission scheme proposed in reference [9]. The allocated
time slot u is calculated to satisty Eq. (7).

Up TUD SU3 L .o iUy =D 1020301y (@))]
v is the movement speed of a user. Moving user is allocated
about 3 times time slots as large as that of static user in the
simulation parameters.

It is seen from Fig.4(a) that the proposed scheme
shows the best performance for Class 3 users compared
with the conventional schemes. When R, is 64 [kbps], the
performance of the proposed scheme, Band-equal scheme
and Mobility scheme are 56.4 [sec], 55.8 {sec] and 56.0 [sec]
while the performance of the Bit Rate scheme are 19.8 [sec].
The performance of the Bit Rate scheme is restricted by the
user’s dwell time of 20 [sec] on an average because the Bit
Rate scheme does not consider the user mobility. Band-
equal scheme and Mobility scheme also achieve about the
same performance compared with the proposed scheme be-
cause these conventional schemes are able to allocate large
enough time slots to transfer the non real-time stream for
Class 3 user when R, is small. However, these conventional
schemes degrade when R; is larger than 2 [Mbps]. For ex-
ample, the performance of the proposed scheme for Class

1885

Average service time (sec)

—e— Proposed (Class 3) i |
10 || ~#Band-cqual Ciass 3)
~&— Bit Rate (Class 3)
> Mobility (Class 3)
0

0 1 2 3 4 5 6
Non real-time video stream R ; (Mbps)

(a) Service Class 3 user

i

F H 1
20 F|™* Proposed (Class 2)
- Band-equal (Class 2)
~-&- Bit Rate (Class 2)

10 | s Mobiity (Class 2)
F T 1

o bk xk—n
0 1 2 3 4 5 6
Non real-time video stream R , (Mbps)

Average service time (sec)

(b) Service Class 2 user

60 pE==EEEEEEE——
I [ —e— Proposed (Class 0)
50 ---©-- Proposed (Class 1)
| | —m— Band-equal (Chss 0)
40 | | --B-- Band-cqual (Class 1)
—&— Bit Rate (Class 0)
---A-- Bit Rate (Class 1)
30 | | —s— Mobiity (Class 0)
b | --%-- Mobilty (Class 1)

20 Attt gnd

Average service time (sec)

10

0 . 1 i 1 I 1 A Il i 1
0 1 2 3 4 5 6
Non real-time video stream R , (Mbps)

(c) Service Class 0 and Class 1 user

Fig.4  Average service time performance for each service class user ver-
sus non real-time video stream R, (R = 64 kbps).

3 user at R, = 2.5[Mbps] is 56.4 [sec] while the perfor-
mance of the Band-equal, Bit Rate, Mobility, are 25.2 [sec],
19.8 [sec] and 45.0 [sec] respectively. This is because the
proposed allocation scheme gives high priority and allo-
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20 —————"—X . x . Mobilty (R1=2Mbps)

0 1 2 3 4 5 6
Non real-time video stream R , (Mbps)

Fig.5  Average service time performance for all users versus non real-
time video stream R;.

cates more time slots for the Class 3 user in Eq.(5). The
performance of the Mobility scheme is better than Band-
equal scheme because Mobility scheme gives high priority
for Class 3 user. However, the performance of the proposed
scheme is better than the Mobility scheme. This is because
Mobility scheme allocates more time slots for Class 0 and
Class 1 user than the proposed scheme. It decreases the
number of the allocated time slots for Class 3 user of the
Mobility scheme. It is seen from Fig. 4(b) that the proposed
scheme and Bit Rate scheme shows the best performance for
Class 2 user. The performance of the Band-equal scheme
and Mobility scheme starts degrading at R, = 3 [Mbps] and
R; = 1.5 [Mbps] respectively. This is because these conven-
tional schemes allocate the time slots without considering
the required bit rate 8. Especially in this simulation, when
maximum 8 users share the 12MHz bandwidth with QPSK
modulation, Band-equal scheme and Mobility scheme al-
locate 3 [Mbps] and 1.5 [Mbps] for Class 2 user respec-
tively. It is seen from Fig. 4(c) that the proposed scheme
shows the same performance for Class 0 and Class 1 user
with the Band-equal scheme, Bit Rate scheme and Mobility
scheme. It is also seen Fig. 4(c) that the performance of the
all resource allocation scheme for the Class 1 user is about
20 [sec] although the service time of the video stream is
60 [sec]. This is because the performance is restricted by the
user’s dwell time although users are allocated enough time
slots to transmit the real-time stream of 64 [kbps]. However,
Class 1 user achieves to receive the real-time stream service
through to the end of its dwell time of 20 [sec] on an aver-
age.

It is seen from Figs. 4(a), (b) and (c) that, when the
required bit rate of R; is 64 [kbps], the performance of the
proposed scheme exhibits the best performance for all ser-
vice class regardless of R;. This is because proposed scheme
considers the required bit rate of the video source and give
high priority to the Class 3 user, who requests the non real-
time video stream with moving.

Figure 5 shows the average service time performance
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for all users versus the non real-time stream bit rate R,. In
this figure, parameters P,, P,, are assumed 0.5 and 0.5 re-
spectively. The performance of the proposed scheme at R,
= 64 [kbps] or 2 [Mbps] is analyzed. For comparison, the
performance of the “Band-equal,” “Bit Rate” and “Mobil-
ity” schemes are also shown. It is seen from Fig.5 that,
proposed scheme exhibits the best performance at R; =
64 [kbps] compared with the Band-equal scheme and Bit
Rate scheme and Mobility scheme. It is also able to an-
alyze from Figures 4(a), (b) and (c). It is also seen from
Fig. 5 that, proposed scheme exhibits the best performance
at R; = 2 [Mbps] compared with the conventional schemes.
It is seen from Fig. 5 that the performance of the proposed
scheme improves when R is small. For example, when R,
is 4 [Mbps], the performance of the proposed scheme at R)
= 64 [kbps] and R; =2 [Mbps] are 44.6 [sec] and 40.4 [sec]
respectively. This is because, when the Ry is small, the pro-
posed scheme allocates more time slots to the Class 3 user
by distinguishing the kinds of real-time and non real-time
video stream. It is seen from Fig. 5 that the performance of
the proposed scheme is about the same performance of the
Bit Rate scheme when R; is larger 4 [Mbps]. This is because
the priority for Class 3 user in Eq.(3) closes to 0 (@ = 0)
when R; is larger than 4 [Mbps].

3.3 Average Service Time Performance versus User Mo-
bility and Video Stream Kinds Scenario

Figures 6(a), (b), (c) and (d) shows the average service time
performance for each service class versus user moving prob-
ability P,,. In this figure, R; and R; is 2 [Mbps] and 2 [Mbps]
respectively. The performance of the proposed scheme at P,
= 0.75, 0.5 or 0.25 are shown. For comparison purpose,
the performance of the “Band-equal,” “Bit Rate” and “Mo-
bility” scheme are also shown. It is seen from Fig. 6(a)
that when P, is large, the proposed scheme exhibits the
best performance for Class 3 user compared with the Band-
equal, Bit Rate and Mobility scheme for all P,,. For ex-
ample, when P, is 0.75 and P,, is 0.875, the performance
of the proposed scheme is 56.8 [sec] while the performance
of the Band-equal scheme, Bit Rate scheme, and Mobility
scheme are 31.8 [sec], 19.8 [sec] and 34.0 [sec] respectively.
This is because, when P, is large, the number of the Class
3 user decrease and allocated time slots for each Class 3
user increases in Eq. (3). It is also Fig. 6(a) that when P, is
small, the performance of the proposed scheme decreases.
However, the proposed scheme exhibits slightly better per-
formance than the conventional schemes. It is seen from
Figs. 6(b), (c) and (d) that the proposed scheme exhibits the
same performance for Class 0, Class 1, and Class 2 user for
all P, and P,. This is because the proposed scheme allo-
cates the time slots to satisfy the required bit rate for Class
0, Class1 and Class 2 user firstly.

The result in this section shows that the proposed allo-
cation scheme can achieve the best performance for all ser-
vice class users compared with the conventional schemes re-
gardless of user moving probability P,, and real-time stream
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Fig.6  Average service time performance for each service class user versus P,, and P,.

probability P,.
4. Coclusion

We have proposed the adaptive resource allocation scheme
for video stream based on video stream character and user’s
mobility in wireless LAN. The proposed scheme allocates
the time slots adaptively for each user according to the user
mobility, the required bit rate, and the kinds of the video
stream. It can solve the frequency utilization efficiency in
the environment with various user behaviors. Assuming the
situation that moving or static users request the video stream
in a wireless LAN spot, the results of computer simulation
verified that the proposed scheme gives much the better per-
formance than conventional scheme.

Acknowledgments

This paper is partially supported by the Grants-in-Aid for
Scientific Research (B) No. 14350202, from the Japan So-
ciety for the Promotion of Science. We would like to also
thank for the reviewer of this paper for valuable comments.

References

[1] K. Evensen, “CALM versus DSRC, complementary technologies,”
Proc. ITS Congress 2003, PS 039, Madrid, Spain, Nov. 2003.

[2] C. Perkins, “IP mobility support,” IETF RFC 2002, Oct. 1996.

[3]1 J. Rosenberg, “SIP: Session initiation protocol,” IETF RFC 3261,
June 2002.

[4] N. Barnerjee, W. Wu, S. Das, S. Dawkins, and J. Pathak, “Mobility
support in wireless Internet,” IEEE Wirel. Commun., vol.2, no.5,
pp.54-61, Oct. 2003.

[5] H. Yoshioka, M. Nakatsugawa, and S. Kubota, “An effective data
transmission control method for mobile terminals in spot commu-
nication systems,” IEICE Trans. Fundamentals, vol.E83-A, no.7,
pp-1328-1337, July 2000.

[6] IEEE Draft Standard 802.11¢/D8.0, Feb. 2004.

[7] C. Chien, M.B. Srivatava, R. Jain, P. Lettieri, V. Aggarawl, and R.
Sternowski, “Adaptive radio for multimedia wireless links,” IEEE J.
Sel. Areas Commun., vol.17, no.5, pp.793-813, May 1999.

[8] W. Kellerer, L. Choi, and E. Steinbach, “Cross-layer adaptation

for optimized B3G service provisioning,” Proc. WPMC2003, vol.2

pp.57-61, Yokosuka, Japan, Oct. 2003.

Y. Minoda, K. Tsukamoto, and S. Komaki, “Adaptive wireless trans-

mission scheme considering stay time in spot mobile access,” IEICE

Trans. Commun., vol.E87-B, no.5, pp.1235-1241, May 2004.

[10] S. Komaki, “Microwave technologies for software radio networks,”

APMC 2003, vol.3, pp.1780-1785, Nov. 2003.

[9

—

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

1888

[11] Whitecap2 Wireless Network Protocol White Paper, Cirrus Logic
white paper, DS555WP1, Sept. 2001.

Yuki Minoda was born in Fukuoka, Japan,
1979. He received the B.E., and M.E. degrees in
Communication Engineering from Osaka Uni-
versity, Osaka, Japan, in 2002 and 2003, respec-
tively. He is currently pursuing the Ph.D. degree
at Osaka University. He is engaging in the re-
search on wireless networks.

Katsutoshi Tsukamoto was born in Shiga,
Japan in October 7, 1959. He received the B.E.,
M.E. and Ph.D. degrees in Communications En-
gineering from Osaka University, in 1982, 1984
and 1995 respectively. He is currently an As-
sociate Professor in the Department of Commu-
nications Engineering at Osaka University, en-
gaging in the research on radio and optical com-
munication systems. He is a member of IEEE
and ITE. He was awarded the Paper Award of
IEICE, Japan in 1996.

Shozo Komaki was born in Osaka, Japan,
in 1947. He received B.E., M.E. and Ph.D. de-
grees in Electrical Communication Engineering
from Osaka University, in 1970, 1972 and 1983
respectively. In 1972, he joined the NTT Radio
Communication Labs., where he was engaged in
repeater development for a 20-GHz digital radio
system, 16-QAM and 256-QAM systems. From
1990, he moved to Osaka University, Faculty of
Engineering, and engaging in the research on ra-
dio and optical communication systems. He is
currently a Professor of Osaka University. Dr. Komaki is a senior member
of IEEE, and a member of the Institute of Television Engineers of Japan
(ITE). He was awarded the Paper Award and the Achievement Award of
IEICE, Japan in 1977 and 1994 respectively.

IEICE TRANS. FUNDAMENTALS, VOL.E88-A, NO.7 JULY 2005

NI | -El ectronic Library Service



