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Abstract: This paper addresses the improvement of the Universal Mobile Telecommunication System (UMTS)
performance in the transmission of short messages over Random Access Channel and dedicated channel. In
addition to call origination and registration messages,Random Access Channel (RACH)can carry traffic
including short message service packets. Throughput for message data transmission is evaluated as a function
of the offered network load. Two mathematical models are implemented,dedicated channel modell which is
used to analyze the dedicated channelthroughput, and the proposed model which is used to analyzeRACH and
dedicated channel throughput, in the first model Random Access Channel only carry requests for transmissions
over dedicated channel, in the second model Random Access Channel carry either messages or requests of
transmission, so increasing the number of the received messages.

I.  Introduction

Universal Mobile Telecommunication System (UMTS) is one of the major third generation mobile
communication system developed by ETSI. UMTS mark the move into the third generation of mobile networks
and isexpected to address the growing demand of mobile and internet applications for increasing capacity and
higher data rates that were the shortcoming of 2G and 2.5G (GPRS) [1]. UMTS supports multimedia and
various other applications like http, ftp, email, voip, sms , by the side of voice. UMTS supports a wide range of
data rates from 64kbps to 2 Mbps in the indoor and outdoor environments [1].

UMTS provides channels for services of non-real time applications, also provides channels for services
of real time applications. UMTS standard provides various channels for different types of traffic services,
Dedicated Channel (DCH), Downlink Shared Channel (DSCH) and the Forward Access Channel (FACH)
transmits packets in the downlink direction. DCH, Uplink Shared Channel (USCH) and Random Access
Channel (RACH) transmit packets in the uplink direction.

Dedicated channel can be used in two modes: one is the dedicated channel mode and the other is the
multiplexing mode. Dedicated channel mode guarantees the allocation of dedicated channel for the entire
duration of a session or a call and used for transmission of real time applications, the other mode is the
multiplexing mode in which the channel can be allocated to different packet users and used for transmission of
non-real time applications [1].

Investigating the UMTS system performance over dedicated channel based on buffer length allocation
and dynamic allocation control procedures was proposed in [1].Details of random access procedure is proposed
in [3] and [4]. Throughput of slotted aloha p persistence RACH and a detailed specifications of Radio Resource
Control (RRC) protocol are well discussed in [2]. Calculation of the throughput of RACH channel Common
Packet Channel CPCH is the main focus of [5] in which the probability of successful transmission given at least
one preamble transmission attempt was calculated first. Throughput analysis for Carrier Sense Multiple Access
CSMS- type random access protocol for finite number of users has been presented in [6]. Pure and slotted aloha
throughput was introduced in [7].

The main goal of this paper is to increase number of the received messages during busy hours,
messages can be carried either over DCH or RACH. We attempt to investigate the impact of various parameters
on the throughput such as offered network load and percentage of the offered network load on RACH and DCH.
The paper is organized as follows: section two including throughput of the dedicated channel model1, in section
3 we discuss throughput of the proposed model, in section 4 throughputs of the dedicated channel modell and
the proposed model were compared and discussed, including effects of the variable values of the offered
network loadand its distribution percentage on the throughput, finally we concluded in section-5.
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Fig(1):Dedicated Channel Modell

The throughput of the dedicated channel is well discussed in [1]. The dedicated channel access
mechanism is mathematically analyzed to study the performance in terms of throughput and access delay. The
overall system is divided in two individual stages as shown in fig (1), the first stage being RACH slotted aloha
channel and the other stage where in dedicated channel is allocated. As per the protocol users contend on the
RACH channel and if its request is successfully granted, the packets are transmitted on dedicated channel. Since
the stages are connected in cascade the throughput of both the stages are individually determined and multiplied
to get the overall throughput.S; and Sjare throughput of first and second stage respectively. The first stage is
asimple slotted aloha system and the second stage can be approximated to an M/M/m/m system [1].

2.1 RACH Throughput

RACH channel is the first stage of the model in fig(1) above. Before sending a short message over
RACH each user transmits a short burst called a preamble during one access slot of 1.33 ms, the preamble is
detected and acknowledged by the base station, each preamble is encoded by one of 16 signatures, the base
station acknowledges signatures in the Al (Acquisition Indication) message sent a predefined time interval after
the reception of the preamble[2]. The Al message does not acknowledge preambles individually, only signatures
that were used. If the base station does not have a resource (demodulator) to serve the incoming message it
sends a NACK for a particular signature [2]. In case signature was not used in a particular slot, or the preamble
was not detected a NoOACK feedback will be sent in the corresponding Al message for this signature. If a
preamblereceived a NOACK feedback the user equipment assumes that the power was too low and preample is
retransmitted at higher power level [2]. After the preample is acknowledged the message is sent at a
predetermined time interval after the preample [2]. If a NACK feedback is received the message goes through a
random backoffprocedure[2]. The normalized RACH throughput in fig(1) is calculated as a function of the
average number of preamples sent per access slot (1.33ms),(G). Time can be represented as a sequence of idle
and busy periods. Each busy period resulting in either success or collision is of the same length M= (Tm/1.33)
slots [2].T, is the total length of the preample and preample to message gab. M includes the overhead associated
with sending the preample denoted by o [2]. In RACH specifications o can be 3 or 4 [2]. We
assumesthatallpreamples are received at the power level above threshold, and we assumes that those transmitted
during the busy period do not affect the ongoing successful packet reception [2]. Cycle is defined as an idle
period followed by a busy period then according to poisson assumption consecutive cycles are independent[7].

In that case the average throughput is defined as:
— E[u] 1)
BIAE[E] oo (

Where U defined as the length of a useful transmission during a cycle, can be M —a or 0 depending on
whether the cycle results in a success or collision, respectively [2].
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Psucc Of a single signature was introduced in [7]
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Throughput in case of single signature
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2.2 Dedicated Channel Throughput
For the second stage the call blocking probability of an M/M/m/m is derived in [1].

Zk=o i
Where m is the number of dedicated channels.The probability of request successfully reaching at the
base station is
Psuee =1 =Py (8)

Throughput of the second stage is given by:

T
SZ = PSucc * ; ....... (9)

Wherer is the request transmission time, T is the time granted for each request,) is the arrival rate of
the successfully received requests at the base station, and p is the request service time = 1/T (10)
the throughput of the second stage is

m! I

Sz =|1- W * I SARACIILETITLATSRRITERE (1 1)

TR0

Ge S (M—a) @ T
H 1 - * _ m! - H
The overall throughput of the model in fig (1) S ey 1 (A)“ * (requests/time
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I11.  Proposed model
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Fig(2): The Proposed Model

As shown in fig (2), the total throughput of the proposed model is composed of S1 and S2, Sit = S; +
S, (13). In the proposed model RACH channel carry requests for transferring messages either over itself or
over dedicated channel. Every request successfully received at the base station granted transmission for time T
over dedicated channel or RACH channel.
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X is defined as the percentage of requests for transmission of SMSover the dedicated channel, 0<X<1. Where (1

- X) is defined as the percentage of requests for transmission of SMS over RACH channel.

V. Results and Discussion
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Fig (3): Throughput versus offered load of the dedicated modell.
load (G) of the dedicated channel in

Fig (3) shows the throughput versus the offered
modell,throughput is rapidly increased from 0 which is minimum throughput value at (G=0) up to 0.557which

is the maximum throughput obtained at (G=1), then throughput declared with increasing the offered load G.
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Fig (4): Throughput of the proposed model versus offered load (G) at different values of (X)
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Fig (4) illustrates throughput of the proposed model versus offered load (G) at different values of (X), it
have seen that the throughput of the proposed model is higher than modell for all X values, except at X=1 at
which throughputs of modell and proposed model are equal and at X=0 at which the proposed mode throughput
is lower than modell throughput.Also it is clear that for decreasing X values the rate of throughput degradation
decreases with increasing the offered load G,the optimum value of X for G<6 is 0.75 and for G> 6is 0.25.

Fig (5), (6) and (7) illustrates the optimum (X) values to obtain maximum throughput, it is clear that the impact
of X on throughput is more significant near 0 or 1.
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Fig(5): Throughput versus X at the offered load G =1

Fig(5) shows throughput versus X for the offered load (G = 1). As shown the minimum throughput is
0.522 which is obtained at X=0. For 0<X<0.07 throughput is rapidly increased from 0.552 up to 1.011, for
0.07<X<0.77 throughput is gradually increasing approximately in linear manner from 1.011 up to 1.294 which
is the maximum throughput of G=1, throughput for 0.77<X<1 rapidly declared from 1.294 down to 0.557.
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Fig(6): Throughput versus X at offered load G=4

Fig(6) shows throughput versus X at offered load( G=4). Throughput at 0<X<0.06 is rapidly increased
from 0.068 which is the minimum throughput up to 0.633. At 0.06<X<0.93 throughput is gradually
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increasedfrom 0.633 up to 1.044 which is the maximum throughput. Throughput at 0.93<X<I is rapidly
decreased from 1.044 down to 0.283.
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Fig(7): Throughput versus X at offered load G=7

Fig(7) illustrates throughput versus X at offered load G=7,it is shown that the minimum throughput is
0.005 which is obtained at X=0, throughput is rapidly increased from 0.005 up to 0.576 at X=0.09, at
0.09<X<0.61 throughput is gradually decreased from 0.576 down to 0.424, at 0.61<X<0.97 throughput
increased from 0.424 up to 0.777 which is the maximum throughput, at 0.97<X<1 throughput is rapidly
decreased from 0.777 down to 0.04.

V.  Conclusion

In this paper the throughput of messages transferred by UMTS is improved. Two mathematical
performance models are analyzed in terms of throughput. In dedicated channel model, RACH channel is solely
used for requests transmission. In the proposed model RACH is used for requests and messages transmission,
this led to increase number of the received messages.

For the proposed model, the impact of the offered load percentages (X) and (1-X) applied on the
dedicated channel and RACH channel respectively, on the total system throughputis investigated. It is clearly
shown that distributing the offered load with any percentage(0<X<1) results in increasing throughput compared
with transmitting the whole offered load either on dedicated or RACH channel. According to the offered load G
the optimum (X) value and maximum throughput could be obtained.
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