
QualityQuality--ofof--Service Provisioning Service Provisioning 
System for Multimedia Transmission System for Multimedia Transmission 

in  IEEE 802.11 Wireless LANsin  IEEE 802.11 Wireless LANs

D.D.--J. DengJ. Deng

Department of Electrical EngineeringDepartment of Electrical Engineering
National Taiwan UniversityNational Taiwan University

Email: Email: djdeng@cobra.ee.ntu.edu.twdjdeng@cobra.ee.ntu.edu.tw
May 10, 2005May 10, 2005



The next wave of the InternetThe next wave of the Internet
The Net's founders predict its future:

"Nomadic computing, providing access while you're on the road so that the 
Internet services you see when you're someplace else are no different 
than what you have back in your office.“ --Leonard Kleinrock

"Radio-based links into the Net will be very typical. If you have a question, 
you'll whip out your Palm Pilot with a radio link and go on the Net and pull 
the data out.“ --Vinton Cerf

"Many sites in the research community will have access at gigabyte speed 
to the Internet. You'll see the increasing introduction of wireless access, 
so people don't have to feel tethered to the Net. And we're going to see 
increasing content.“ --Robert Kahn

"The Internet will become the pervasive network for the world's telecom 
traffic. Voice and video will transfer over to it in the next five to 10 
years. Clearly, you're going to have video on demand, radio or TV, that can 
have millions of different sources or special subjects that (small numbers) 
care about.“ --Lawrence Roberts

Towards Multimedia Oriented Towards Multimedia Oriented 
Mobile Systems and providing Mobile Systems and providing 
““Anytime Anywhere Anytime Anywhere AnyformAnyform””

Information SystemsInformation Systems



Status of specified wireless networking Status of specified wireless networking 
technologiestechnologies
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IEEE 802.11 Market IEEE 802.11 Market 
r Emergence of the Wireless ISP
r Currently, 71,500 hotspots deployed worldwide, expected to 

growth to around 477,000 by 2007 (Radicati Group)
r Intel lunched its          Wireless platform in March 2003. The 

next generation of Centrino will be called Sonoma in 2005 and 
Napa in 2006 respectively

r Interoperability between WLANs products from different 
vendors is tested and certified by          alliance.           
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Generic 802.11 WLAN ArchitectureGeneric 802.11 WLAN Architecture
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MAC ArchitectureMAC Architecture
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r Packet-switched solutions that take advantage of silences 
in a given voice call by multiplexing voice data from other 
calls are more bandwidth-efficient than circuit-switched 
solutions  

r In wireless networks, bandwidth is more constrained             
r DCF cannot support service discipline of integrated 

multimedia traffic since it does not include any priority and 
access policy

r PCF mode offers a “packet-switched connection-oriented”
service, which is well suited for telephony traffic

r In order to poll the stations an AP must maintain a polling 
list, which is implementation dependent

MotivationMotivation

The use of packet -switched techniques 

for carrying multimedia traffic in 

802.11 W
LANs are indeed needed



Bandwidth management and Bandwidth management and QoSQoS

r IETF groups are working on proposals including RSVP, 
Differentiated Services, and Integrated Services to 
provide better QOS control in IP networks

r Principle 1: Marking of packets is needed to 
distinguish between different classes

r Principle 2: Provide protection (isolation) for one 
class from other classes 

r Principle 3: It is desirable to use resources as 
efficiently as possible

r Principle 4: Application flow declares its needs, 
network may block call if it cannot satisfy the needs 
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Delay in packet-switched networks
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Issues in Mobile Terminal Design

r It’s power, power, and power…
r Multimedia processing is power hungry
r Wireless communication is power hungry
r Speech recognition user interface is power hungry
r Displays are power hungry
r Battery technology is moving at a glacial pace
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Basic ComponentsBasic Components
rr Priority Enforcement Mechanism for Request Access Priority Enforcement Mechanism for Request Access 

collisioncollision
Packet classificationPacket classification



Basic ComponentsBasic Components
rr The Packet TransmitThe Packet Transmit--permission Policypermission Policy

Isolation + Call admissionIsolation + Call admission



Basic ComponentsBasic Components
rr The Adaptive Bandwidth Management Strategy The Adaptive Bandwidth Management Strategy 

High resource utilizationHigh resource utilization
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Enforcing priority for RA
Too support priority, we change the backoff time generation function

  inim kranf ++ •+⋅ 22() iranf +⋅ 22()

Consecutive times (i)
Backoff slot numbers

Types of requests
(k, m, n)

1st 2nd 3 rd 4 th

Real-time handoff traffic
( 0, 1, 1 )

0 – 3 0 -7 0 – 15 0 – 31

Admitted inactivated video traffic
( 1, 1, 1 )

4 – 7 8 - 15 16 – 31 32 - 63

Non-real-time handoff traffic
New request traffic

( 2, 2, 1 )
8 – 15 16 - 31 32- 63 64 – 127



r The usage of backoff algorithm avoids long access delays 
when the load is light because it selects an initial (small) 
parameter value of contention window (CW) by assuming a 
low level of congestion in the system.

r This strategy might allocate initial size of CW, only to find 
out later that it is not enough when the load increased, but 
each increase of the CW parameter value is obtained paying 
the cost of a collision (bandwidth wastage)                     

r After a successful transmission, the size of CW is set again 
to the minimum value without maintaining any knowledge of 
the current channel status. 

It incurs a high collision probability

and channel utilization is degraded 

in bursty
arrival or congested scenarios

BackoffBackoff AlgAlg. in Congested Scenarios. in Congested Scenarios



BackoffBackoff AlgAlg. in Noisy Channels. in Noisy Channels
r In DCF access method, immediate positive 

acknowledgement informs the sender of successful 
reception of each data frame 

r In case an acknowledgement is not received, the sender will 
presume that the data frame is lost due to collision, not by 
frame loss. 

r Unfortunately, wireless transmission links are noisy and 
highly unreliable, for example, for BER=      , the probability 
of receiving a full data frame correctly is less than 30%. 

410−

0

0.2

0.4

0.6

0.8

1

1.2

1.00E-121.00E-111.00E-101.00E-091.00E-081.00E-071.00E-061.00E-051.00E-041.00E-030.01

BER

T
hr

ou
gh

pu
t

The proper approach to dealing with lost frames
is to send them again, and as auickly as possible

When a frame is collided on wired network,
the sender should slow down

When one is lost on a wireless network
the sender should try harder



Optimal contention window
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Cnannel Model for RT Station
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Packet scheduling policy in CFP
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Packet scheduling policy in CFP
1) The AP first scans the token buffers of voice sources according to the preset 

priority order. If a token is found, it removes one from this token buffer and 
polls this voice terminal. On receiving a poll the station transmits its packet 
after a SIFS interval. Then, the AP generates the next token for this voice 
source after                                             second if the piggyback was set while 
transmitting the packet.

2) If no tokens are found in the token buffers of voice sources, the AP continues 
to scan the token buffers for video sources according to the preset priority 
order. If a token is found, it polls this video source. And it will not remove the 
token if the piggyback was set while this video source transmit it packet. If the 
piggyback was not set and it is not the last packet (End-of-File) either, the AP 
removes the token, and then generates the next token for this video source 
after     seconds

3) If there is no token found in all token buffers, the AP will not know which, if any, 
of the stations have packets to transmit, then, it can end the CFP by 
transmitting a CF-End frame, and, for assuring the time constraint of admitted 
real-time traffic, the AP shall announce the beginning of the next CFP interval 
by observing the token buffer of highest priority among its polling list.
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Admission Control for voice traffic
r Let                              ,

If                 and            for all     =1,2… ,    , then all 
the packets generated by new-call voice sources 
meet their jitter constraints. 
Furthermore, if                    and                  for
sources which is handed off from other cells, then 
the packet generated by the      source after the 
handoff meets its jitter constraint. 
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r Let                   ,                 ,                    ,  ,

and                                        , where         . 

If             and           for all   , then the delay 
constraints are satisfied for all the new-call video 
sources. Furthermore, if                     for     source 
which is handoff from other cells, then the packet 
generated by the     source after handoff meets its 
delay constraint.

Admission Control for video traffic
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Minimized Ave. Waiting Time
r Suppose     voice sources are scheduled in the given 

priority order.  The average waiting time is minimized 
for voice packets if             for all i < j.
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cjci rr ≤



Adaptive Bandwidth Allocation Strategy

Channel I
for

new-call/handoff voice/video traffic

Channel II
for

handoff voice/video traffic

Channel III
for

data traffic
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CFP-channel I CFP-channel II CP-channel III



Adaptive Bandwidth Allocation Strategy

IF monitored dropping probability > threshold_D THEN
IF bandwidth utilization <      THEN

size of allocated bandwidth II= min {max {size of allocated
bandwidth I, size of allocated bandwidth II} up_     , total
bandwidth }

ELSE
size of allocated bandwidth II= min {max {size of allocated 
bandwidth I, size of allocated bandwidth II} up_    , total 
bandwidth threshold_up_II }

ELSE

µ

γ

γ



Adaptive Bandwidth Allocation Strategy (cont’d)

IF monitored blocking probability > threshold_B THEN
IF bandwidth utilization <       THEN

size of allocated bandwidth I= min {size of allocated bandwidth I 
up_      , total bandwidth threshold.1_up_I }

ELSE
size of allocated bandwidth I= min {size of allocated bandwidth I 

up_      , total bandwidththreshold.2_up_I }
ELSE

IF bandwidth utilization <  THEN
size of allocated bandwidth II= max {size of allocated bandwidth

II down_       , total bandwidththreshold_down_II }
size of allocated bandwidth I= max {size of allocated bandwidth 
I down_      , total bandwidththreshold_down_I }

µ

γ

γ

γ

γ



Conclusions
r A feasible and pragmatic non-preemptive priority based access 

control scheme was proposed
r Prioritization is key to optimizing overall performance
r Various QoS requirements are needed in the future
r Multilevel priorities, bandwidth allocation, connection admission 

control, and traffic policing all need to be considered together
in the future networks

r There’s no such thing as a free lunch
Ongoing efforts to provide “perfect” solutions have illustrated 
that attempts to solve all possible problems result in 
technologies that are far too complex, have poor scaling 
properties, or simply do not integrate well into the diversity of 
the Internet. 
Besides, we believe that it is almost impossible to increase the 
probability of success of transmitting a frame excepting frames 
fragmentation or FEC (Forward Error Control) in an extremely 
noisy wireless environment.
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