jead ”@i SHi

Hordd paddid L S Ol ot b del i E D

et 4 L 2




duinmemanas mszaosnmansets
pisdiulyadss@anEmmmstaassvedduaud miunsas

= E Y vV v = ) 1 d
GHN i!ﬁ?ﬂﬂﬂgﬁﬂ?ﬂﬂ15ﬂ57]‘iﬁiilﬂﬁgi‘g"im&i;mleu!ﬂiﬂ‘lnﬂl"]mgﬁ1§

PERFORMANCE IMPROVEMENT OF CHANNEL ALLOCATION FOR VOICE
AND DATA WITH VOICE ACTIVITY DETECTION IN CELLULAR

NETWORKS

WICHAN LIMSAKSRI

myny.....

lnﬂun“!uuu .60 1 71

AAAAE LTI T TTY TTTET b
B PP T T T

-------------------------

a =Y d 3 o 1 : s a o o
InentinusibiudiuniiaveinanmmaunangaslsyaIanssumansumiudia
a =Y =Y d
VIV ININTINDIRNANIOUN T
VouNnINee
s = v v el
amtunalulagwszasunaudigammssaanszia
W.A. 2548

ISBN 974-15-1979-6



PERFORMANCE IMPROVEMENT OF CHANNEL ALLOCATION FOR VOICE
AND DATA WITH VOICE ACTIVITY DETECTION IN CELLULAR

NETWORKS

WICHAN LIMSAKSRI

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRONICS ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2005

ISBN 974-15-1979-6



COPYRIGHT 2005
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



@ a a J @ a a o ' [ o [
WaveIneiwus m3tsulzalszanimwnsdaasseosdyanudmiums

dudva nazdeyadionisasedudyaaudvaluniovs

o
I¥agals
o <% = 4: ar Q( =1
UNANY Wy dudnAns
SHANNANYN 44061306
San IINITUAMTATUMITUAR
= a a = o
TN Snssudiannseiing
N.A. 2548
d o =Y d @ a aa w o
210130GAIVANINGUNUS 7. 3. 3AANS I3IYAAI WU T

o

d v o o L) o oo a du o
DIVIUHAIUANINGTHNUEII WF. AT, ANAYTY NWUINHITAU

UNAALD

o [ =1 [ v o f A Ad A 13 '
1INMIAL IABE1337A15IV0IMIAITBY I INITUL TNTANNIARB NN IR LLINTUBE
[ A’l [l 9 ar (] o — Y a [] =1 ] a Yy d.
@olilns demalinistaassyosdygiunliusmssiiuneane fAellsuinveinduaeIns
Py J P=1 o w (] a ar ¢ A &M ] T a 9/
waduluszuy Tanudiageditalusz vy InsAwimasuin tesnind i Ingsiaveinis 14
v A4 a J n’: boar = e @ A oar a n’: Y o
nunaniifaduiu suilulsaanmsadgyaisudosniinisaouaueaiuinula dniudigas,
< v o a J o ¥ a o Y a
msuden lumsdadygnaurivgavuszyiiddsednsnmms Iduinisvesszyuanna
VINNGARISUNITAUNUIVEIR T Fyaadsvznuy la latins dadyaaudvseen Ty
o =) o A [} = yq v ar = dy 9 o
dearnrtigiumnasaal dufolugradouvesnisaunut gldvs lidsdgaiaudoavu vy
[V u’: t!'l. .c-.; Y 1 w Y a = = = dyd 3 o
syuy Aniuiehaz 1Fnusesdnyeia MiRadseansnimgega Tuamdsolineldinauems
¥
ponuUUMsIaassTosdnamliinuzauiuns mdnnaesriasznianmsasdyy oo
o _ad o a o ' as s '
wazdeya Tamihiitmsasdudyanadvaidsggnalsnusiudumsiaassdoyauuuaiag
v Q@ Y o = 9 = a ] = 1 e 1 n:!y o
Tavlganuduiusveslsmadoyansolufia tazmnmualual maulsmariiszgafimua
= o @ ar ' o ' ' P (=]
Wuwisiliees lunisaruauisazmsunsndyaiudoya iedimisdalugavaain laill
as ' = o =1 a a
dyanaudos viersdvuveamsaunuy Mananmsiiasswesszvunaasliimudalszdnsam
o o a A ‘; v s a Y a =1 = ::; [
M3 ldrvoedynaimuyusiunanmssulssiunmsIduinsvesssuy Ao msdszlanainsesy

ar o ' o
1.'14‘1}1‘]“4?]‘5 ua:mmuw:rﬁummm‘maaﬂ‘us:uu rﬂué’fn



Thesis Title Performance Improvement of Channel Allocation for Voice and

Data with Voice Activity Detection in Cellular Networks

Student Mr. Wichan Limsaksri

Student ID. 44061306

Degree Master Student of Engineering

Programme Electronic Engineering

Year 2005

Thesis Advisor Assoc. Prof. Dr. Ruttikorn Varakulsiripunth

Thesis Co. Advisor Assist. Prof. Dr. Sakchai Thipchaksurat
ABSTRACT

Rapidly increasing of data transmission on cellular networks can lead to unavailable channel
utilization with limited resources, so adequate traffic channel assignment becomes important issue. In
addition, most of users are voice users that can not tolerate waiting for long time after dialing.
Therefore, if the blocking of signal transmission increase, the efficiency of system service will be
decreased.

From a conversation period of a voice user, there are some time intervals that transmits
nothing, this is called silent period. To efficiently increase channel utilization, we have proposed the
channel allocation for voice and data transmission by applying voice activity detection together with
the information of number of data request in waiting queue and controlling threshold. These variables
are used as parameters for controlling the mechanism to access and transmit data signal into the silent
period or the period dose not have voice signal. The simulation results show the improving of the

channel allocation by means of quality of service via service delays, blocking probability and so on.
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Initialization routine

(=)

. Main program l
@
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Timing routine

1. Set simulation clock = 0

2. Initialize system state and
statistical counters

3. Initialize event list

0. Invoke the initialization routine

1. Invoke the timing routine
2. Invoke the event routine i

[ 1. Determine tﬁe next event

©) type, say i )
2. Advance the simulation
lag——  clock
i

@
Event routine i

1. Update system state

2. Update statistical counters

3. Generate future events and
add to event list

Library routine

Generate random
variates

No

Is

simulation
over?

Yes
Report generator

1. Compute estimates of interest
2. Write report

) o L o o
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Arrival

(Departure)
Time = x

]

System state

O

Event list

Statistical counters

Server
status

O

Number Time

in ifiitas. of last

queue of event
arrival

Total
delay

Area Area
under Q(t) under B(t)

Number
delayed

System

Computer representation
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% arrival %

fprintf(‘arrivaln’);

num_data_arrival = num_data_arrival + 1;

time_next_event(1) = time + expon(mean_interarrival);

ifch(7) == IDLE

delay = 0;
total_of_delays = total_of_delays + delay;
num_custs_delayed = num_custs_delayed + 1;
ch(7) = BUSY;
server_sfatus = 1;
time_next_event(8) = time + mean_service;

else
num_in_q =num_in_q +1;
if num_in_q > Q_limit
num_in_q = Q_limit;
fprintf{('Queue over limit\n’);
data_lost = data_lost + 1;
Y%esound(y);
else
time_arrival(num_in_gq) = time;
end;
end;
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Add 1 to the
number in queue

Drop the request =

the queue

Is

full?

Store time of
arrival of this

request

~ Arrival j
event

Schedule the next
arrival event

O

s S
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~— the server > —————
Sy ?

for this request

and gather statistics

[ Add 1tothe
number of customers

 Setdelay=0 J
eta ed w

Make the sever busy
N S

Schedule a departure

event for this request

Return )

i v a <4 ] : ¥ ¥
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% departure %

fprintf('departure ch?\n’);
num_data_depart = num_data_depart + 1;
if num_in_g==0,

else

end;

ch(7) = IDLE;
server_status = 0;

time_next_event(8) = 1.0e+30;

num_in_q = num_in_q - 1;
delay = time - time_arrival(1);

total_of _delays = total_of _delays + delay;

num_custs_delayed = num_custs_delayed + 1;

time_next_event(8) = time + mean_service;

fori=1:num_in_gq,

time_arrival(i) = time_arrival(i+1);

end;
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__event
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Yes P No
————————_ thequeue
| \\e\mptyﬂx ) &
N . I A
Make the server Subtract 1 from the
idle number in queue
Eliminate Compute of request
departure event entering service and
from consideration gather statistics

Add 1 to the number of
customers delayed

- T

Y

Schedule a departure
event for this request

Move each requestin
queue (if any) up one
place

Return |
_/
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. < s s d W vy
Buffer size (B) U003 UiJWﬂﬁlﬂQUﬂLﬂﬂiﬂmUﬂ'ﬁﬁ'E]\!‘il?]‘“ﬂ@ﬂ‘l'iﬁ@‘l]ﬂl;l‘ﬂ

Tavfidimsumsiaassvesdyanauuy bca  sziiitoulvlumsvesyosdygiuao
FumsiSonyeveadoya AvawINNNAMMMUANITIOIYDITYYIN (num_data_arrival > Th-
R) ludauveamssaasssosdyauuuy VAD doulvvesnsdedeyafivsamnsodedoyariv

Fosduanamsinitanuzlas wisesnilu 3 99fe

ch(x) = Idle ; num_data_arrival < Th-VAD (4.1)
ch(x) = Silence ; Th-VAD < num_data_arrival <Th-R (4.2)
ch(x) = Idle ; Th-R <num_data_arrival (4.3)

3 v = o o o
FI]‘J'Nﬁ 4.1 ﬂ'l'i'l\i“ﬁﬂ%lﬂ"l“'li'l'llmﬂ{ﬁﬁfﬂuﬂ’]‘i 1ADINANTTN

Channel allocation

Parameter value Voice FCA DCA VAD
Traffic channels. N 7 X X X X
Reserved channel, R 1 - X X X
1, 180s iy X X X
1IN 1395 - - - X
[T 1s+ ¢ - - X
Th-R adaptive - - X X
Th-VAD adaptive » - - X
Buffer size, B 100 X X X X
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Fosdgauns minvead1¥dyanaudo (Call Holding Time) msnszaonuuidng luuwFua
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1. Voice Priority
2. Fixed Channel Allocation (FCA)
3. Dynamic Channel Allocation (DCA)

4. Dynamic Channel Allocation with VAD (VAD)
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ABSTRACT
L ]
In this paper we propose a policy of channel
allocation in ccllular netwerls for voize and dats e

policy can provide a good trade-off between the QoS
suaranteed 0 voice and data services. Because the silent
periods of active voice users, are used for data
transmission by the activation of defined adaptive
threshold which correspond to the number of data request
in buffer queuc of base station. The simulation results
show that the proposed policy can improve the delay
performance, and increase bandwidth utilization by
sctting the appropriated threshold.

Keywords: Channel Allocation, Cellular Networks,
Voice Activity Detection,

1. INTRODUCTION

In the next generation of mobile communication
system, the efficient utilization of the available resources,
especially the spectrum resource, is a primary objective in
any communication system. Most cellular mobile time-
division multipic-access (TDMA) systems provide voice
service with tolerable blocking probabilities an estimated
1%-3%. Consequently, this will leave the traffic channels
(TCHs) idle even during the busy hours. To efficiently
organize the spectrum resource, the idle TCHs may bc
utilized by packet-switched data services. For instance,
similar to ccllular digital packet data borrowing the idle
voice channels in the advanced mobile phene standard to
transfer data packets and general packet radio service
(GPRS), which was defined by the European
Telecommunications Standards Institute in 1994, permits
the data terminals to share the idle voice channels in
global system for mobile communications (GSM).

A conversational speech can be considered as a
variable data rate source made up of talkspurts and
periods of silence speech by voice activity detection
(VAD). A voice user will take more or less 40% of the
time on average in speaking (talkspurt period) and the
remaining time pausing or listening (silent period).
Thercfore, one solution in order to fulfil the channel
efficiency is to utilize the silent periods of active v oice
channels to transmit data messages [1]. However, the risk
of data and voice corruption can be happened. In this

paper, we improve the performance of channel allocation
for voice and data by using the information of qucue
length to activate the VAD algorithm d enending on 1h.
selective threshold.

This paper is organized as follows. Scetion 2
describes the system model; section 3 proposes anp
algorithm and simulation. In section 4 presents numerical
results. Conclusion is outlined in section 5.

2. SYSTEM MODEL

We will consider TDMA as a cellular system, which
includes a base station (BS), a number of voice terminals
(VTs) and a number of data terminals (DTs) in one
particular cell. Besides, a homogenous cell has been
considered in this system. Voice from VTs and data from
DTs are taken into account in this paper. Voice provision
depends on usual circuit-base oriented. At the same time,
data packets are relied on packet-basc oriented, using the
same resources deployed for voice conncction, We
assume that all the amivals of the service requests from
voice and data users are indeper.dent, and data packets are
transmitted under an emror-free environment u nlecs they
collide with voice transmission which adopts the voice
prionty channel allocation policies,

In this system, we refer that conversation period is a
sequence of consecutive segments of silence and speech
[2]. And VAD is employed in VT to separate a
conversation period into speeches and silences. An active
VT will not transmit any signal during its silent periods.
Meanwhile an active DT will be placed into a first-come
first-served (FCFS) queue if they can contain packets
within a buffer size. By doing this, it is allowed to
transmit data packets only in the specified slots when the
status of the channél is idle. That means this time slot has
not been assigned to the VTs or we will use the time slots
of an active channel while the status of the channel is
silence. We focus on the telephone call blocking
probability caused by the lacking of idle channel to assign
a slot for a new call. This is one of the parameters in the
telephony service. We are focusing on main QoS
parameters for the data transfer service, as such the data
packet loss probabiiity and the average data packet
transfer delay.

)
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Three existing channel allocations and our policy are
itroduced. The  first  channel  allocation policy s
conventional, acknowledging the primary role of the
telephony scrvice, which telephone calls or VTs are given
highest pnionity. By using residual channel, data packets
or DTs can be transmitted only over channels that are not
used by voice connection. This policy is called voice
priority.

The sccond channel allocation policy is R-
reservation (3], which proposed to guarantee at least a
minimum QoS level for data service by means of
reserving some ¢ hannels to transfer data only w hile the
residual channels  arc shared by voice and data
conncctions. In this way, the QoS for voice parameters
will be directly impacted because of decreasing number
of channels for voice users.

The third channel allocation 1s dynamic reservation
(3] 12]. In case a sialic chanae! icservation may result in
an incfficient uscfulness of radio resources; however,
s Q085 of DTs must be basically provided to data
connection. It can be happened that during long time
intervals no data transfers are required. Then it will be
flexible and convenient if data channels are assigned by
the basis of the actual data traffic load. That is why this
policy uses the information of queuc length to reserve
channel for data.

The forth channel allocation policy is our proposed,
namely, dynamic reservation with VAD. Not only
dynamically rescrved channels but also silent periods in
cach conversation will be used to transfer data packets. In
fact, the rising of voice connection has led to the
proportionally increasing of silent periods, resulting in the
increasing number of data packets that can be transmitted
over that channel. Like the previous one, the information
about queue length will be used by the acceptance on the
number of voice corrupted in the system. The system
model and a sketch of the traffic model for our policy are
shown in Fig.! and Fig.2, respectively.

Veice request

Vg{crbuu channeis

- Voice Activity 1 Voice vaffic
; Detector
-7
f— b
,I Voice silonce
7 Active channel channely |
i
Data channal . DT
_________________ ™ sorver S ™

st AW [T B -
blocking - 1 numa_mn

Fig.1: The system model.
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e

———— g

Speech period
Conversation period

Fig.2: Model of traffic connection (voice & packer
session).

3. ALGORITHMS AND SIMULATION

When traffic users desired to use traffic channels in
both voice and data, they should firstly find an idle
channel. If it is available, th= BS will assign an idle
channel to the terminal. Otherwise, the request will be
blocked, that is voice request will lose and data request
will be added in queue. For voice transmission, the user
transmits _voice signals in the channel when he is
speaking and transmits nothing when he is silent. Fer data
transmission, there are many strategies to allocate the
channels. When the system lacks an idle channel, the data
packets will be operated in term of suitable condition
(shown in Table 1).

The conventional channel allocation for data service
is shown in Fig. 3 and the data flow is similar as
mentioned above. The proposed channel allocation is
shown in Fig. 4 as a pantial algorithm of Fig.3. When the
data request is not granted by the system, it will be placed
in the FCFS qucue and number in queue will be increased
one level. For this reason, the appropriated policy has
been invoked, following by the threshold. For instance, if
the number in queue is more than Th-VAD (threshold for
dynamic reservation with VAD) but less than Th-R
(threshold for dynamic reservation), the DT will be
arranged to attach a voice-traffic channel and waits for
silent period 1o transmit its packets. In other case, if the
queue length is more than 7/-R one of the traffic channels
will be permanently assigned to DT as long as the
condition is defined. The reason why we determine the
threshold of VAD is that when a voice userand a data
connection made a transaction simultancously, both of
them would be lost. This is our proposal to decrease voice
and data corruption by using adaptive threshold.

Table 1: Action for data transmission in simulation

Condition Action

num _in Q < Th-VAD no channel reserved

Th-VAD <num in Q <Th-R VAD activated

Th-R<num_in_Q VAD activated,
- reserved a channel

In this model, we assume that the sequence of new
voice call requests follow a Poisson process with rate A,
and the duration of calls are an exponentially distributed
random variable with mean 1/y,. According to the general
model proposed in [1), the voice activity can be described
by Markov process. The talkspurt period is exponentially
distributed with mean 1/d.s and the silent peried is
exponentially distributed with mean 1/g,0s. Therefore, a
conversation cycle can be segmented into four events

Proceedings of The First Electncal Engineening/Electronics, Cnmpulter,

Telecommunicatons. and Information Technology (ECTI) Annual cw.eren@




(ammival of voice calls, departure of voice calls, incoming
silence peniods, and inconung speech periods).

Note that exponential assumptions are gencerally
considered not to be critical in telephony models;
iclcphone  systems  have been  dimensioned using
cxponcntial assumptions for almost a century. More
recently, these assumptions were used in modeling
wircless system (3], [6].

For data transmission over voice in frastructure, data
packet amivals are assumcd to be Poisson process with
rate A and the service time of data packet are assumed to
be exponentially distributed with mean i/u,. A buffer of
size B 1s aliocated for data traffic oniy. The events for
data transmission can be segmented only two cvents
(amival of data transmissions, departure  of data
transmissions).

With the flowchart shown in Fig.3 and Fig.4, the
modttied policy that resides in Fig.g will be replacea in
the square box in Fig.3. In our simulation, three
ireshotds of VAL are used e.g. 26, 40, 5G, Tespeclively,
The periods of both silence and speech are assumed as the
parameler suggested in {2] and Table 2. These parameters
will be settled before starting simulation.
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Fig.4: The partial flow chart of the piroposed model.

Table 2: Basic parameter

Parameter Value
No. of traffic channels in the cell, N 7
No. of channels reserved to data |
1/u, 180s
1/, 60s
I/a'gmr 95s
Buffer size (queue size), B 100

-
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4. NUMERICAL RESULTS

In this section, four channel allocation policies wil|
be considered which are voice priority, R-reservation,
dynamic reservation and dynamic reservation with VAD.,
In our results, we present the assessment of their relative
merit of the different schemes, concentrating on the
performance measurement of the cellular network.

For the sake of simply investigation, that can be
divided into three groups. The first group is the vojce
priority scheme, and there is only one curve; the second
is R-reservation and dynamic reservation, which present
two curves. The last group is dynamic reservation with
VAD, and there are three curves with Th-VAD 20, 40, 60,
respectively.

Under the voice priority scheme, the main QoS
parameters for data transfer service, as such the average
delay in queue and average number in queue are quite
larger than other schemes because of the highest pn'c;my
of voice users. Even though itis uneasy to observe the
periormance due to the low voice traffic ioad, the resuits
are quite obvi(‘)usly in the higher voice trafTic load.

4

3.5
s 3
S P
a o
S2s
>
L)

@

T 2

L4

(=]

e

w15

>

<
& ThVAD = 40
-8~ ThVAD = 20
R __ |

°f
i 2 25 3 35 4 45 5

Voice u:fﬂc‘load

Fig.5: Average delay in quene & voice iraffic load.

100

95

® 90

=

S 85

(s}

£ a0

-

5

E 75

a2

£ 70

=3

® 65 -0- ThR=T70

s -#- ThVAD = 60

< 60§, -4 ThVAD = 40
y.% &- ThYAD = 20
554, e

.
-3
w
L]

b
] 5
n
©n

2.5 3 3.5
Volce traffic load

Fig.6: Average number in queue & voice traffic load.

Figs.5, 6 and 7 illustrate the average delay, average
number of request in queue and data blocking probability.
The highest curve refers to the voice priority scheme; the
three lowest curves refer to the proposed policy with the
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different threshold of VAD, and the R reservation and
dynamic reservation vary between the two groups of the
voice priority scheme and dynamic reservation with VAD.

1

Z0.9 T volce
= ‘O ThR=To
T-®- ThVAD = ¢0
508 ‘-&- ThVYAD = 40
e -8 ThVAD = 20
a7 - R
006
2
€ 0.5
o
04
E
(']
L9023
Fel
‘-'s’ 0.2 £
o oor
1.5 2 2.5 3 3.5 4 45 5
Voice traffic load
Lig.7s Data blocking and icss prodebiiitg & voice irefiie
load
0.2 A
Zz —
30.1! . —— volce
"~O ThR=70 7
S0.16 .-#- ThVAD = 40 v
[ ~A- ThVAD =40 - ;’f”
- Bo14 +-8- ThVAD =10 T
N A7
LJ — e e - o
Ly.17] :
he
s 0.
g
<So.08
o
Do.06
L
800
o
>

-
o
I~

45 B

3 35
Voice traffic load

Fig.8: Voice blocking and loss probability & voice traffic
load,

0.9

D.ll ;J

X ,,--U'z"_’_'::.u

o e
L

A ThVAD = 40
|~E} Th VAD = 10 |

4 4.5 5

\

Volce damaged per number speech

N
3
7
8
s

bt
iy
w

2 2.5 3 3.5
Volce traffic load

Fig.9: Voice damaged per number speech & voice raffic
load.

Due to this result, we can conclude that rhe dynamic
reservation with VAD has an extreme achievement on the
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QoS performance and data loss probability-as smalicr as
threshold -VAD is used. Definitely, any improvement of
QoS provided in data services must be paid by voice
QoS; however, surprisingly, the voice blocking and loss
probability (shown in Fig. 8) of the proposed scheme are
quite equal to the R-reservation and dynamic reservation
schemes. In the fact that, this situation results from no
contention of the traffic channels between voice and data
users, and the proposed policy will be used merely a
silent period to transfer data packets. The corrupted voice
will be occurred if we use the proposed scheme, and the
corrupted voice will he increased if we select the small
threshold-VAD (shown in Fig. 9).

5. CONCLUSIONS

In this paper, we proposed a policy to allocate traffic
channels between voice and data service n cellular
networks by using voice activity detection. We have
presented ihe method 1o select jhe policy by using
information about the queue length. Whenever we use
VAD scheme, 1t can be guarantecd that the d ata p acket
can be transmitted even when all traffic channels in a cell
are busy with voice connection. The results had shown to
provide very effzctive performance trade-off for channel
usage and voice corrupted. Hence, we have proposed an
option to increase the bandwidth utilization and improve
the performance of delay network for data and voice
system.
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Abstract- In this paper, the performance enhancement algorithm of channel
nctworks is proposed. The voice activity detection has been applied 1o dy
ersation periods. Hence a data user can use the silent
allocation policies, the information of number of
d in order to accept the performance measurement. In the simulation results,
ality of services, which are an average delay in queue, a

the silence and speech among conv
transmit its information. To control the selecting of channel
wailing queue has been determine
the performance shows via the qu
the proposed scheme is presented m ne system,
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1. INTRODUCTION

In the next gencration of mobilc comumunication  in
cellular networks, the efficient utilization of ihe available
resources, cspecially the spectrum resource, is a primary
objective. However, the time-division multiple-  access
(TDMA) that used in mobile sysiems provide voice service
with tolerable blocking probabilities as about  1%-3%.
Consequently, this will leave the traftic channels (TCHs) idle
even during the busy hours. To efficiently organize the
spectrum resource, the idle TCHs may be uiilized by packet-
switched data services. Such as in general packet radio service
(GPRS), which was defined by the  European
Telecommunications Standards Institute in 1994, permits the
data terminals to share the idle voice channels in global
system for mobile (GSM) communications 1o transmit its data.

A conversational speech in mobile communication can be
considered as a varizble data rte source made up of speech
(or talkspurts) and silent periods by voice activity detection
(YAD). A voice user will take more ot less 50% of the time on
average in speaking (speech period) and the remaining time
pausing or listening (silent period). Therefore, one solution in
order to fulfil the channcl efficiency is to utilize the silent
periods of active voice channels to transmit data of messages
[1]. However, the risk of data and voice corruption can be
happened. The term of “data” used in this paper means any
transmitted information or message excepl voice.

Different from the previous works, this paper will focus
and discuss on the impact of VAD algorithm by comparing
our proposed algorithm with the current or conventional
channel allocation. The simulation is perfformed in order to
investigate this impact and also to show the performance
comparison in term of voice and data blocking probabilities,
data transmission delay.

2. VOICE ACTIVITY DETECTION

Voice Activity Detection (VAD) is a mechanism that can
distinguish between speech added with background noise and
background noise only. The input signai may be speech signal
under high noise levels. The output from the VAD is then a
signal that possesses the information whether the input signal
contains speech (e.g. output signal value 1) or oniy noise (e.g.
output signal value 0). For easier computation, the input signal
is divided into frames, and the speech/noise decision is done

. environmenlts,
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only once for every frame. Within one frame, the speech
signal (and also the noise signal) is supposed to be stationary:
this  assumption allows applying conventional techniques of
signal processing to this problem. The reasons why voice
activity detection is useful depend on the application. If one
wants to store recorded speech signals, the amount of storage
capacity can be reduced since the known noise passages do
not need to be saved. In the same way, the required capacity of
a speech transmission channel can be reduced, if only the
speech parts of a recorded signal are transmitied. In very noisy
noise suppression is nceded before further
speech processing can take place. The VAD sorts out the data
without speech, so that the noise suppressor can use this data
to cstimate the noise statistics. For instance, discontinuous
transmission (DTX) has been developed for o mobile
communication system.. The goal is to reduce power
consumption and 10 reduce the interference in a cell. During a
nonnal conversation, the participants speak only 50% of time,
i.e., each dircction of irunsmission is occupied about 30% of
time. DTX is a mode of operation where the transmitters are
switched on only for those frames containing  uscful
information. The difficulty is to find techniques to distinguish
noisy speech from real noise even in a noisy environment,
These algorithms are implemented in the VAD function. The
background noise has to be evaluated in order to transmit
characteristic parameters to the receiver side. The receiver side
generaics asimilar noise called comfort noise during the
perieds that the radio transmission is cut.

In this paper, the application of the VAD in the work is
implemented for general cellular systems. Furthermore, the
VAD has been applied with dynamic channel allocation in
order to increaSe available traffic channel for data
transmission while considering the mmpact on guality of
scrvice for voice,

3.SYSTEM MODEL

Considering TDMA as a cellular system, this includes a
base station (BS), a number of voice terminals (VTs) and a
number of data terminals (DTs) in one particular cell. The
model of cellular system is shown in Fig.1. By the assumption
that the activities occurred in any cell in a cellular system arc
similarly, then only a homogenous cell has been considered in
this paper, where voice from VTs and data from DTs are taken
into account. Voice provision depends on usual circuit-base
oriented. At the same time, data packets are relicd on packet-



base oriented, using the same resources deploved for voice
conncction. We assume that all the arrivals of the ser jec
requests from voice and data users are independent, and daty
packets are transmitted under an crror-free environment unless
they collide with voice transmission which adopts the voiee
priority channel allocation policics.

Fig. I The model of cellular system.

Since the duration of a data transfer is typically much
smaller than the time spent by a user in a cell, we neglect the
possibility that a user requests a handover procedure while
transferring data.

In this system, we refer that conversation period is a
random sequence of consccutive segments of specch and
silence [2]. And VAD is employed in VT to deteet and
Scparate a conversation period into speech and silence. An
active VT will not transmit any signal during its silent periods.
Meanwhile an active DT will be placed into a first-come first-
served (FCFS) queue if they can contain data packets within a
buffer size. By doing this, it is allowed to transmit data
packets only in the specified slots when the status of the
channel is idle. That means this timc slot has not been
assigned to the VTs or we will use the time slots of an active
channel whilc the status of the channel is silence, We focus on
the voice (or call) blocking probability caused by the lacking
of idle channel to assign a slot for its new request. We also
focus on main QoS parameters for the data transfer service,
such as the data blocking probability and the average delay in
queue.  Rejection of data transmission is caused by two
possible reasons: blocking due to a full occupied queuing
buffer and unavailability of resources due to preempted voice,
To lower the harmful effect on the voice services, we assign
full priority to voice transmissions. This means that data
services will be preempted by voice requests. Finally, the
simulation model of the cellular system mentioned above can
be represented as shown in Fig. 2.

4. ALGORITHM and SIMULATION

As we have mentioned before that it will be flexible and
convenient if data channels are assigned by the basis of the
actual data traffic load. That is why our proposed algorithm
will use the information of queue length to reserve
transmission channel for data. Not only dynamically reserved
channels but also silent periods in each conversation will be
used to transfer data packets. In fact, the rising of voice
connection has led to the proportionally increasing of silent
periods, resulting in the increasing number of data packets that
can be transmilted over that channel. Like the previous work
[3], the information about queue length will be used by the
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Fig. 3 Model of traffic connection (voice & data session).

Here, the procedure of conventional channel allocation
for data service is shown in Fig. 4, where the data flow is
similar as mentioned above. And the procedure of proposed
channel allocation is shown in Fig. 5 as a panial algorithm of
Fig.4 by replacing the dashed box part. When the data request
is not granted by the system, it will be placed in the FCFS
queue and number in queue will be increased one level. For
this reason, the appropriated policy has been invoked,
following by the threshold. For instance, if the number in
queue is more  than  Th-lAD (threshold  for  dynamic
reservation with V.AD) [3] but less than Th-R (threshold for
dynamic reservation), the DT will be drranged to attach a
voice-traffic channel and waits for silent period 1o transimit its
packets. In other case, if the qucue length is more than Th-R
one of the traffic channels will be permanently assigned to DT
as long as the condition is dJefined. The recason why we
determine the threshold of VAD is that when a voice user and
a data connection made a transaction simultaneously, both of
them would be lost. This is our proposal to decrease voice and
data corruption by using adaptive threshold.

As is nommally done when modelling cellular network
Systems, we consider one cell at a time, and we neglect the
impact of signalling, Moreover, in order to proceed the
simulation model of the system, we introduce the following
assumptions and notations.

The scquence of new voice requests follows a Poisson
process with rate A, and the duration that a voice request will
hold the channel is an exponentially distributed random
variable with mean 1/u. The speech period and the silent
period are both exponentially distributed with mean /Ay and
/oy, respectively. The arrivals of newly generated and
retransmitted data requests follow a Poisson process with



average rate Ap (number of data arrivals per second). The
length of a data message is assumed (o be geometrically
distributed with mean 1/ug blocks or frames. It can be used for
the performance comparison between the proposed algorithms.
In addition, this traffic model is believed to represent short-
message service very well in a mobile cellular system. The
period of a block is r = 4r;, where re =4.615 ms is the frame
period. The maximum allowable number of data request in the
system is B, which is the size of the FCFS queue. The values
for some parameters used in the simulation are shown in Table
1.

Table | Basic parameter

Parameter

Ne. of traffic channels in the col!, N

Value
7 —

No. of channels reserved 1o data I
b 1/ 1805 |
hs 135 |

/ov ls

100

Buffer size , B

[ Data Terminal
s s

oa—_ UTes :

e
Send data (ch = busy

Waiting ch = idle

| ity |

(o= mec e cmmcccc—a

" Fig. 5 The partial procedure of the proposed channel
allocation.

5. SIMULATION RESULTS

In the simulation model, we assumed that there is one
carrier (cight channels) assigned to a cell. Thus, one channel
for signaling, and there are seven channels that can be served
as a traffic channel for voice and data services. We have
selected the voice traffic load (*) as the Erlang value equal to
M. Therefore, for pure voice system with N = 7, we require
2% of blocking probability, then this will be satisfied when
voice traffic load = 2.95 Erlang [1].

In our results, we present the assessment of their relative
merit of the different schemes, concentrating on the
performance measurement of the cellular network. Figs. 6-8
illustrate the performance measurements an average delay, an
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average number 1 queue, and duta blocking probabihiny
funcuon o1 data arrnal rars

ds
and average dat message
length 1 4,. reapecinely. The dashed cunves represent the
performance measurements of the system without using the
silent periods of traffic channels 1o transmit data packets. In
these figures, it 1s clear that the performance measurements of
the proposed algorithm, which utilizes the silent periods of
tratfic chanrels for data service, are always better than those
of the current channel allocation, as expected. From the
results, we can get about 259, less average delay in queue and
20% less daw piocking provabiity (no conswdering  the
retransmission delay) for 1/, = 5 ay heavy data tratfic load.

Further investigation, Fig 9 shows the voice blocking
probability. Definitely, any improvement of QoS provided in
data services must be pad by voice QoS: however,
surprisingly, the voice hlacking nephahiliy
scheme are quite equal 1o the current channel allocation
(marked the triangle). In the fact that, this situation resulis
fiotm no contention of the trafic channeis between venee ana
data users, and the proposed policy will be used merely a
silent period o transier gary packets. Moreover, if we
claborately investigates the conventional channel allocation
and the fashionable channel allocation (dvnamic channel
allocation which marked the square and circle), we have fournd
that the voice blocking has been increased significantly
because of contention of using tzaffic channel beiween voice
and data services
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However, each scheme has an advantage and a
disadvantage in itself. The corrupted voice will be occurred if



we use the proposed scheme, and the corrupted voice will be
increased il we select the small threshold-VAD. The affcction
of VAD technique is when data user is sending the
information via a silent channel, the active voice user wants to
talk again. The voice and data message will be crashed at that
time. For data part, they have to be retransmitted. For voice
part, maybe the listeners will perceive the message unclear for
a while but it will take a short time.

solid: with VAD
dashed: without VAD

ty
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g pro F;blll
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e o
[0 'S
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60 80 1(uo 120 ia0 150

Data arrival rate (DT s/sec)

‘ Fig. 8 Data blocking probability & daty arrival rate Ap.

If the voice signal damaged rate is not acceptable, another
possible way to reduce damaged voice is as follows. Like the
reservation request in packet reservation multiple access
(PRMA) (4] protocols, the VT transmits two blocks of a
dummy signal before it restarts voice signal transmission
when it changes state from silence to speech, The BS can use
this two-block duration to detect the state change and alert the
corresponding DT. In this case, we will negligible voice
damaged rate, but voice transmission delay is considered.

0.1

solid: with VAD
dashed: without VAD

-0~ TH-R=T0
-B- THR=% 1
) fasarved CH |

PVEN:. b'lgcking p.g)babllityo

S‘O 80 100 120 130
Data arrival rate (DT s/sec)

160

~

Fig. 9 Voice blocking probability & data arrival rate Ap.
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From Fig. 10 shows the ratio between the collision
period and the total ‘voice period. It is clear that the
crashes happen too less, since the period of data services
per packet take very short time when we compare the
period of voice occupancy in each conversation. For
Fig. 11, we fixed the data arrival rate and vary the voice
traffic load instead. The figure shows the ratio of the
number of damaged voice and the number of speech. It
is clear to show thai the crashes happen more, if we
allow the data user transmitting its packet previously
because of the small value of threshold VAD.

6. CONCLUSIONS

* In this paper, we proposed a policy to allocate traffic
channcls between voice and data service in cellular networks
by using voice activity detection. We have prescnted the
method to select the policy by using information about (he
queue length. Whenever we use VAD scheme, it can be
Buaranteed that the data packet can be transmitted even when
all traffic channels in a cell are busy with voice connection,
The results had shown to provide very effective performance
trade-ofT for channel usage and voice corrupted. We also show
that the data service delay can be decreased by around 30-50%
depending on the length of data messages. Hence, we have



proposed an option to increase the channel utilization and
improve the performance of delay network for data and voice
system by using information of queuing buffer to handle the
impact of VAD.
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BSS
CCH
DCA
DTX
FCA
FCFS
FDMA
GPRS
GSM
HLR
LLC
MAC
MSC
PLMN
PSTN
RLC
SSS
TCH
TDMA
VAD

VLR
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meand Ny

Base Station Subsystem

Control Channel

Dynamic Channel Allocation
Discontinuous Transmission

Fixed Channel Allocation

First Come First Serve

Frequency Division Multiplex Access
General Packet Radio Service

Global System for Mobile Communication
Home Location Register

Logical Link Control

Medium Access Control

Mobile Switching Center

Public Land Mobile Network

Public Switch Telephone Network
Radio Link Control

Switching Subsystem

Traffic Channel

Time Division Multiplex Access
Voice Activity Detection

Visitor Location Register
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