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Project Title A Study of Media Access Control Protocols for Integrated Voice and
Data Services in Wireless Communication Systems
Name of the Investigators Assist. Prof. Lunchakorm Wuttisittikulkyj

Year February 2001

Abstract

This report presents design techniques for improving the performance of Media Access Control
(MAC) protocol based on contention-free and contention-based schemes for supporting voice and data
safisfying the Quality of Services (QoS) required by each user while achieving maximum efficiency of
channel utilization. In this report, the protocol design problem is divided into several aspects as follows:
frame structure, channel reservation, channel assignment ana priority assignment. To solve these
problems, four different techniques are proposed namely 1) technigues that aim for reducing the number
of requests in the system, namely multiple assignment, periodic assignment, the combination of the
multiple and pericdic assignments, piggybacking (PGBK), and queue 2) techniques that aveid collision
due to frequently simultaneous accesses in the same request slot by selecting proper access probability
with both fixed and dynamic schemes and distribuiing the request slots over each frame 3) techniques
that assign the channel to the mobile terminals at base station, consisting of the priority assignment by
group of operation and group of traffic and generation time scheduling (GTS) 4) technique that changes
angd adjusts the frame structure according to the traffic conditions. When we put together some of these
schemes to form a new Dynamic Frame Reservation Multiple Access (DFRMA) protocol, it is shown
through computer simulation that this protocol is capable of supporting both voice and data services and

satisfying their QoS requirements with very desirable throughput performance, i.e. 99%.
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Reqyfest Numbers of Single Packet System vs Periodic Assignment System
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Detay per Packet of Single Packet System v Pericdic Assignment System
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Request per Throughput of Singfe Packet System vs Penodic Assignment System
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Channel Utilization of Single Packet with Penadic Assignment and Queue System

Queue 1/¢.35
Queue 2/12.7
Penadic 1/1.35
Peradic 22,7

Periodic +Queue 1/1.35
Periodic+Queue 22.7

08k ~ = 2w g

0.4 b I

a3

a2

S 1w 15 20 25 30
Number of users

(M)

89

Delay per Packet of Single Packet with Penodic Assignment and Queue System

0.015

003 — = = e ,
t 1 1 \
0.625; ~40-—0  Queus /135 [ N T 4
O—F  Queue 2127 ! I
ot Periodc 1/1.35 t '
0.02% — —|®% Pedodic 22.7 o L A
V——%  Periodic+Queue 1/1.35 '
Periodic+Queue 2/2.7 .
i
i

Delay per Packat (Sec)

0w 15 20 25 30
Number of users.

()

A T o o Y =2 = d‘d o
g‘lj‘ﬂ 4.115 ﬂT}ﬁﬂiﬂ‘lﬂiﬂlmﬁ,’niﬂﬂi&’?@%ﬂ@i:ﬂ'ﬂﬂﬁﬁﬂﬂﬂﬂ’JﬂﬁNLL‘lﬂJul'é)"]JSﬂY]iJmﬂuﬂﬂﬁ

Yoice dropping probebiity of Single Packet with Periodic Assignment and Quete System

TANIIFOITUYIUUVLTIEMIVLLAZAT

1 ek A ] 1

Queue 1/1.35

Queus 2/2.7 -

Pedodic 1/1.35
Periodic 22.7
Peviodic+Queue 1/1.35
Periodic+Queve 2/2.7

Velca drepping probabllity

Humber

)

of users

Success Rate of Single Packet with Pefiodic Assignment and Queue System

*53 i i 1 i i

G045 —10—0  Queue 1/1.35 R
B—£ Quive 2027 ! i

0ot —Je——* Periodc ¥1.35 Y/ SN
w2 Periodic 2/2.7 1 ;

0.0aslh —["— Periodic+Queve m.as% e e ]
G~ Pariodic+Queue 212.7 : r

0.03

0.025

Buccess Rata

9.02

0.015

Number of users

()

ﬂd' : T < 9 - o o o Y 2 o
LN 4.116 ,ﬂﬂ]ﬁiuﬂ'ﬁﬂﬁﬂﬂﬂﬂyﬂlaﬂ\ulﬁ:ﬂﬂi’lﬂ'ﬁfﬂﬁ%UﬂﬂﬁzﬂﬂﬂWiﬁnﬂ\?ﬂjﬂﬁ1\3“1]'1]

leuSanlimaiinmsiagssyosdaanauuusnuLazag

Queus 17193

Queus 227

Perigdic 1/1.35
Pededic 2.7
Periedic+Queus 1/1.33
0.7 4~ PariciceQueus 2027

[X] 1

S8 e—

o8

05

Colitsian Rate

a4

83

2

0.1

ol

)

Reguest per Tiwoughpat of Single P scket with Pedodic Acsignmsent and Queue System
[R]

i

H H i J §

Cpewe 4935
Quove 22.F i §
Paodic #/1.35
Perdedic 212.7
Poriodic+Queve 1/1.35

g g OO
—a
|, § Dt
soel- |
s ao7f- oY
@
&
égn.m!-———
% 0.05
-
2 004
Fd
H

« 0.03

[ X7

Q)

511 4.117 Sasinsyunazdandiumsiowedearidurnsevesszuumsdnawiing 1

[

uvu leuSantimaiiamstaasssosdaauuuuseaiutazai




50

Regtﬁf( Number of Single Packet with Periadic Assignment and Queue System
2 i 1 1 i I

1.8 40— Queue 1/1.35 RN U S -
@€ Queus 2/2.7 [ t
18H e Periodic 1/1.35 e H -~
#—a  Periodic 2/2.7 | )
14jf 9 PedodicsQueve 135]. . _ fl o
e @—  PedodictQueue 272.7
H
E
5
z
&
S
e
g
o

5 10 15 20 25 30
Number of users

= o b1 Y A4 o o Aa <
E‘ﬂ‘ﬂ 4.118 ’17'Iu’J‘Hﬂ'l'i‘i?N‘U@‘U'ﬂxﬁz‘uUﬂﬁﬁﬂﬂﬁﬂ’lﬂﬁNLLUU]’I,S‘U‘SWVIMLWﬂUﬂ

ATIANS THRITYRIUUVUS WAIVUAZ A

t4
=1

auvquazwamsnageuidesnmsnlasunlaseasideyaiivzlidnyassu@oany

B

14
naf 14 luszuumIteassvesduanauusieaiuynlszms uassianuuanaiufaiufy

[

srfifadestiumsdesveluanasnsmilngs FwuhszuniiinsSaassuuuseatus

fuinTuasi i numsfesifaiuififianasediaunn Fenezndn 1 ssvuumiee
"lmﬁamsw%‘iyumﬂiﬂUﬁmmﬁwmmszwmﬁﬂﬁsa“ﬁaqﬁqmﬁmsmuswmuﬁé’mﬁ’aga
g Aladinenfiluannz Inaagegaazmdy 0.14 undiehmadafnnidei idsasns

3 b
sutlanaaviaedszuia 0.00014 M1y

Channal Utilizstion of Single Packet with Perodic Assignmen! and Queus Syatem Delay per Packet of Singia Packet with Periodic Assignment and Queue System
= A RN N T
08 - O—@ 8Kbps | ! i 1 i i
=3 ;g&w i 1 ! i t
—t PS
o8 &l IS R DD S E R
§ t 1 § 1 o
07 ) § { [ t [
2 B gozb— 4 =~ e e e e
Eos =z { i { t §
k) ]
£ F] 1 ¢ % { i
,.:,0 S0k = = g e
) oy 1 8 4 i .
5 ¥ § § ' !
0.3 a 0.0t i - -
]
o2 . ¢ '
A0S g0 ( t 1 i i
Srg 1 i [ ¢ f 1 {
° I L I 4 i i i
50 400 150 200 250 300 3s0 400
inpui Bit Rate (Kbps)

51 4.119 ddoa s enaznanlszSwesruumsdhasinaan levsafilmaiinns

AT TIYOITUYIUUL LI WA LLAZA?




Voice drapping probabiitty of Single Packet with Penodic Assignment and Queue System

Success Rate of Single Packet with Penadic Assignment and Queue Systam

0.02
i i i I t 1 i 1 1
= omb [0 e 4= = ok
02sf 4 18 Kbps
o 32Kbps ooel il e R T e S
= i 1 1 1 i L !
= Dot — - i Enai R I - - =
Y T S T Al Bl 1 ! r r
H [ 1 Soorab — 4 ML
& 1 t &> i i [ [ i ! i
=
Sosp - Lo 4o oot oo L
& ) t a 1 1 1 i t t
5 H
5 i 1 Zooosl = - — d e A gL LAY TR S
;o‘__i__J___ ? § { i i i i
s ' [ H L e e e R i adtiet N I
i 1 ¢ ¢ i i b T
sosb - 4 — - d - L 0004~ = T =~ gty T T T o
! t i ! t =T {
0.002f ~ e — e T — e et T L
t 1 ! 2 1 1 [
o—a-lo PPN i i 1 ] 1 1 1
0604 40100 00 6-¢ o
50 100 150 200 250 300 350 aw 50 100 150 200 250 300 aso 400

Input Bit Rate (Kbps)

(m

id' =1 9 =t Y s o Y g o
Eﬂﬂ 4.120 If’)ﬂ1ﬂiuﬂ‘liﬂ'iﬂ'ﬂsl]ﬂlluaEﬁﬁf\ﬂua$ﬂﬂﬁ]ﬂ]5ﬂ115ﬂﬂ@qﬁzﬂﬂﬂ‘]'jﬁnﬂ\jﬂgﬂa'm

sy ey

=Y

Cplyipitn Rate of Single Packet with Periodic Assignment and Qusue System
2

Input Bit Rate (Kbps)

[y a i

1 1 1

Cofltzian Rets
e o o -
YR L

o
N

I

¥

SANNMATANIS AN SYOITQRNLLUTIUMULAZA?

Request per Thioughput of Singte Packet with Periodic Assignment and Queue System
0.

T 1 i 1 i
0.045}

0.04

g

o
a
o

4
g

Reguest per Throughput

e
2
2
&

g.ct

0.005

I i
- - L L

<

150

200

250

Input Bit Rate (Kbps}

m

31 4.121 SasimsrunazdandiunisissvedeaaesunsnvesszruMEhasdInag

150

200

250

Input Bit Rate (Kbps)

()

wuy levsanlimainnisdadsssosdaaIMuUUTIBA LIRS

Request Mumberm of Single Packet with Periodic Assignment snd QGuaue System

i
¢
1
§
1

150 200 250
tnput Bit Rate (Kbpa)

d' o 3/ . Y A2 a A da I
E‘ﬁj‘ﬁ 4.122 ‘i]T‘L!']uﬂ'ﬁiﬂ\?"ﬂﬂ‘“ﬂﬂiz‘l‘]ﬁﬂ'\'ﬂ‘ﬂ?ﬂﬂﬂ'Jﬂﬂ'ldllﬂ‘ljhlélﬂ'iﬂ?’}iJLVIﬂUﬂ

AsTATTTFRITURINUVUIIOALUDLA?

91




92

=4 =

4.3.2.4.2 MITAAIITRUYIUVUTIEMUNINANATEI PGBK (Periodic Assignment with
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Channel Utilization of Single Packet with Panadic Assignment and P GBK System
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Delay per Packet of Dynamic Frame Structure Technique Delay per Packet of Dynamic Frame Stiucture Technique
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4. Access probability

Simulation Parameter PRMA ALOHA-R TrsTnneafieentuy
Simulation Time 1000 (sec)
1. System rate 792 (kbps)
2. Size of request slot 18 (bits)
3. Size of data slot 288 (bits)
4. Number of data slots per fraine - 8 (slots) 1 {slots)
5. Number of request slots per - 5 (slots) 10 (slots)
6. Data and request slots per frame 10 (slots) . .
Voice user
1. Voice rate (PCM) 32 (kbps)
2. Mean Talkspurst 1 (sec)
3. Mean Silent 1.35 (sec)

Pseudo Bayesian

Data User

1. Data Rate
7. Burst size

3. Access probability

9.6 (kbps)
5 (packets per message)

Pseudo Bayesian
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ABSTRACT-- This paper proposes a new media access
control (MAC) protocol referred to as Dynamic Frame
Reservation Multiple Access (DFRMA). The propased
protocol is based on a combination of contention-based
and contention-free MAC protocols for supporting
integrated voice and data services in wireless
communication networks. Communication channels are
assigned according to the quality of services (QoS)
required by each traffic type. Since speech is a delay
sensitive traffic, it is treated as a higher priority service.
Channel bandwidth is always used to accommodate
speech first, before it is used for data transmission.
Computer simulations reveal that the system can
allocate bandwidth properly and satisfy the user quality
of service requirements. In addition, channel utilization
of the system is very high, i.e. 98%, compare with 78%
of PRMA and 82% of ALOHA-R, As a resuit, this
protocol is  considered suitable for wireless
communication.

KEyworDS-- MAC protocol, DFRMA, dynamic frame
structure, voice and data

I INTRODUCTION

In order to satisfy the rapid growth in the
demand for wireless communications, which support a
wide range of applications including voice and data, a
vast improvement in its spectral efficiency is required.
One of the most important issues in the design of these
systems is the medium access control (MAC) protocol.
Over the past decade, a number of MAC protocols
based on TDMA have been proposed for integrated
voice and data services. These protocols can be
classified into contention-free, contention-based and the
combination of contention-free and contention-based
schemes. For the contention-free scheme (i.e. TDMA,
FDMA, Binary-Countdown [1], NC-PRMA [31), each
terminal has its own request slot in order to reserve an
information slot, therefore packet collision never occur.
For the contention-based scheme (i.e. Pure-ALOHA
[1], Slotted-ALOHA [1], CSMA [1]) all terminals share
a fixed number of data slots. This scheme may cause
collision particularly at high traffic loads; however, at
light traffic loads, the delay performance is superior to
the former. Finally, the combination of contention-free
and contention-based (i.e. PRMA [4], ALOHA-R [51,
DQRUMA [6]), the bandwidth is divided into 2 parts.

The first part is used to contend among all users for
channe] reservation and the second part used for actual
data transmission for users who succeed in reservation.
This scheme causes collision in the same manner as the
contention-based protocol but the collision occurs only
during the reservation part, hence the wasted bandwidth
is much smaller.

. As the combination of contention-free and
contention-based schemes can potentially offer efficient
bandwidth .utilization and provide guarantee QoS
requirement for multi-traffic situations, our studies
emphasize on the development of this class of
protocols. In order to achieve the maximum throughput
of the system, it is found that the vital part effecting the
system performance is the number of request slots.
Under provision of request slots will cause frequernt
unsuccessful channel requests and thus low information
channel utilization. In contrast over provision of request
slots will cause wasteful request channel bandwidth. In.
order to determine appropriate number of slots, it is
important to take the level of traffic loads and behaviors
into account. In this paper, we provose a new protocol
(Dynamic Frame Reservation Multiple  Access,
DFRMA} which can select an appropriate request slot
numbers for channel reservation considering the
successful request user.

The paper is organized as follow. Section 2
presents the DFRMA protocol. In Section 3, the
simulation parameters and assumptions is explained.
Next, in Section 4, the performance of various
techniques especially DFRMA will be analyzed and
compared. Finally, conclusions are given in section 5.

Il DFERMA PROTOCOL DESCRIPTION

The. details of the DFRMA protocol are
described -as  follows. ~The channel bandwidth is
organized into a frame structure of variable lengths.
Each frame is composed of two parts namely
reservation part and information part. The reservation
part consists of a fixed number of request slots, which
are used by all users on a contention basis for channel
reservation, whereas the information part consists of a
varied number of data slots, which are used for actual
user data transmission. Unlike most previously known
MAC protocols, the proposed protocol employs
variable lengths of the information part so that the
system can dynamically allocate channel bandwidth in



accordance with the system load conditions. When
terminals have packets to transmit, they send a
reservation request at a request slot on a contention
basis using Slotted-ALOHA technique. Then, the
terminals that succeeds in reservations will be
scheduled and assigned channel bandwidth according to
their Quality of Services requirements, ie voice
terminals will always have higher priority than data
terminals. Furthermore, if there are not enough IS to
support successful request terminals, these terminals do
not make a new access again and it only has to wait for
information slot assignment from the base station.

Another important feature of this new protocol
is the scheduling mechanism in the same level of QoS
terminal that is different from the existing known
schemes which are usually operated on a First Come
First Served (FCFS) basis. The new scheduling
algorithm assigns channel bandwidth according to the
packet generation time and this algorithm will be
referred as the Generation Time Schedule (GTS)
technique. The example of priority assignment and GTS
schedule can be explained as follows. In the channel
assignment cycle, if more than one terminal succeeds in
the reservation, the base station will firstly assign IS to
the terminal which has higher priority and then to lower
priority terminal. Furthermore, terminals which have
the same priority of QoS, the base siation will assign IS
according to the generation time of each packet.

In addition, if terminals still have packets to
transmit, they can request for additional bandwidth via
particularly bit called Piggy Backing (PGBK) [6]. In
order to reduce the request packet and stabilize the
system, DFRMA introduces a queue mechanism which
is used to keep all successful requests. This means that

- once the terminals succeed in channel reservation, they
may be assigned information slots at the current frame
or the following frames.

HI SIMULATION PARAMETERS

Our performance analysis is based on
computer simulation. We focus our simulation results in
2 scenarios, single type of traffic (either voice or data)
and integrated voice and data traffics. We assume that
the propagation delays are negligible and each
transmission channel is error free. The system operates
in wireless ATM network environments “with the
channel rate of 200 kbps and each mobile user
independently generates both voice and data packets
during the entire simulation time. For voice traffic, the
duration of talkspurt and silent gap are exponentially
distributed with a mean value of 1.and 1.35 seconds,
respectively. The bit rate generated by each terminal is
32 kbps. Furthermore, voice packets require immediate
transmission, i.e. packets delay beyond a certain time
(an upper limit of 32 ms [5]) are considered invalid and
should be discarded. For data traffic, its message arrival
behavior of each user can be modeled by the Poisson
process, and its length (i.e. number of packets) follows
a geometric distribution with the mean of 1 packet at
the rate of 9.6 kbps/user.

The frame structure used in DFRMA, PRMA
and ALOHA-R protocol is shown in figure {(a), 1(b)

and 1{c) respectively. DFRMA and ALOHA-R frame
structures are divided into 2 parts; namely reservation
part and information part. Users can contend for request
slots (RSs) in the reservation part whereas regular slots
are used for sending information packets. The size of
the request slot (RS) length is 8 bits, and information
slot (IS) length is 200 bits. The ratio between the
number of RSs and Iss are 4:6 and 8:6 for DFRMA and
ALOHA-R respectively. On the other hand, the PRMA
frame structure is only composed of 6 ISs which acts as
both RS and IS in one frame.
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Figure I: Frame structure of DFRMA, PRMA and
ALOBA-R system

V. SIMULATION RESULTS AND DISCUSSION

A. System performance on each traffic characteristic

The simulation results in Figures 2, 3 and 4
show that the DFRMA protocol has much superior
performance to the conventional protocols, i.e. PRMA
and ALOHA-R, on all aspects in supporting integrated
voice and data services. The maximum channel
utilization of DFRMA is the highest 98% compared
with only 78% of PRMA and 82% of ALOHA-R. The
mean message delay of the DFRMA protocol is also the
lowest for most traffic situations. In addition, the
system can support voice terminals up to 14 terminals
simultaneously in comparison to 7 and 11 terminals for
PRMA and ALOHA-R respectively at the blocking
probability of 1%.

As we can see, among the three protocols the
PRMA protocol gives the lowest channel utilization.
Such a relatively poor performance arises from the fact
that the same size of slot is used for information packet
transmission and for channel request see Figure 1(b).
Any collision will cause unnecessarily one large time
slot bandwidth wasted. Accordingly, when the
ALOHA-R protocol opts two different sizes of slots,
one of very small size for request access and another of
large size for packet transmission see Figure 1(c), the



amount of bandwidth wasted due to  collision is
minimized resulting in much improved -channel
utilization. However, this frame structure of ALOHA-R
stifl poses some shortcomings. As the frame size is
fixed, under heavy load conditions the number of
accesses may be very high causing a large number of
collisions. Thus in some cases it is possible that no
terminals succeed in channel reservation. This means
that the corresponding data slots will never be allocated
and left unused. On the contrary, under the same
condition the DFRMA will immediately set the length
of data slots to zero and commence a new frame cycle.
This means that no data slots are wasted as opposed to
the ALOHA-R and a new set of request slots is made
available for channel reservation right after that of the
previous frame. This is the réason why the DFRMA
protocol can accomplish much higher bandwidth
utilization and support greater number of terminals than
the ALOHA-R protocol.

We shall now consider the light and medium
traffic load scenarios which there is enough bandwidth
for packet transmission. It is always useful to speed up
the reservation process so that the total delay of packet
delivery is minimized. For the ALOHA-R protocol,
terminals that wish to send their packets for the first
time will have to wait till the beginning of the next
frame to gain access. On average, this implies that an
access delay of half of the frame period is always added
to each series of data transmission given that the access
is successful in the first attempt. In contrast, the
DFRMA protocol allows the new frame cvele to begin
again if no packet transmission is required at the data
slots of the present frame. This mechanism ailows new
arrival terminals to acquire request slots instantly if the
channel is idle, hence minimizing the access delay. This
is the main reason why the delay performance of the
DFRMA protocol is better than the other two protocols
for light to medium loads.

Furthermore, Figure 5 confirms the above
discussion that the number of request slots can be
increased or decreased along with traffic load.
Therefore, request slots number in DFRMA can
suitable in all traffic loads. The limitation of request
slot number adjustment occur in overload condition
because system can not decrease them more than the
ratioc between the number of request slot and
information slot in frame.

B.Effect of priority assignment

In order to emphasize the necessity of priority
assignment to ensure the quality of service
requirements, we test all systems in high data traffic
load condition. In the initial phase, the system has 22
data terminals which occupy most of bandwidths in the
systems (throughput is about 100%). After that, we
graduaily add voice terminals to these systems from [
to 22 terminals.

Figures 5 and 6 illustrate that the throughput of
data traffic in DFRMA is rapidly decreased when we
increase the number of voice terminals to the system
until it is near to zero. This is because the base station
will firstly assign bandwidth to voice terminals and
assign the remainder of bandwidth to data terminals. In

the contrary, other protocols such as PRMA and
ALOHA-R will assign the IS according to the sequence
of successful request terminals. Therefore, the QoS of
the terminals can not be guaranteed. The throughput of
delay-sensitive voice traffic can not increase proportion
to the number of voice terminals.

V. CONCLUSIONS

In summary, the DFRMA protocol offers very
high throughput at heavy traffic load (98%), gives very
low message delay and is flexible to various system
conditions. Such a superior performance is obtained by
integrating many key features of various known
techniques from both contention-free and contention-
based schemes together with two new proposed
mechanisms in a very effective manner. These features
are as follows. First, Slotted-Aloha technique is used in
chanzel reservation. Second, the PGBK bit is employed
to reduce the amount of access contention. Third, the
protocol adopts different priority to various traffic types
and uses the mew scheduling algorithm (GTS) to
schedule the packet transmission of the terminals which
have the same Quality of Services. Fourth, the DFRMA
protocol has a variable frame length so that the channel
resources can be dynamically assigned in accordance
with the system Joad condition leading to an increase of
the chance for request and bandwidth utilization.
Finally, the protocol also includes a queue technique to
accommodate the successful request terininais, which
have not been assigned channel bandwidth at the
current frame.
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