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Abstract— In this paper, we propose a CDMA Slotted-ALOHA (CDMA
S-ALOHA) system with low-bit-rate and high-bit-rate classes of data
users applying multi-code CDMA (MC-CDMA) scheme. Performance
evaluation is obtained in the respect of the throughput. Contrary to one
might expect, we show that the throughput of the class with higher bit
rate can be improved by the MC-CDMA scheme. Moreover, we show
that applying the modified channel load sensing protocol (MCLSP) to the
system gives further improvement in the throughput of the higher bit rate
class, as well as to the total throughput of the channel.

I. Introduction
Current cellular systems based on code division multiple
access (CDMA) have primarily been optimized for voice
transmission. In order to interface to the broadband networks
of the future, wireless systems will be required to support
sources with a variety of rates and quality-of-service (QoS)
requirements [1].
Packet-switched network architecture based on CDMA,
which is known as CDMA ALOHA, has recently attracted
attention as the technology best suited for multimedia communications since it shows promise in being able to deal with multimedia traffic flexibly [2], [3], rather than the circuit-switched
architecture employed for first and second generation.
In CDMA ALOHA systems, CDMA Slotted-ALOHA
(CDMA S-ALOHA), which is a combination of CDMA and
slotted-ALOHA that provides packet transmission at specific
time instants, is a proper scheme to support a randomly and
bursty-access users, it allows us to have further efficient systems [4].
In this work, we consider the problem of making present
packet CDMA systems more efficient with respect to the
throughputs they provide.
The CDMA ALOHA system under consideration uses a total
spreading bandwidth of W [MHz] and is required to support
two classes of data users. Class I requires transmission at
a high bit-rate, while class II tolerates transmission at a low
bit-rate.
To support multi-rate transmission with direct sequence
CDMA (DS-CDMA) systems, many techniques have been
proposed such as multi-modulation CDMA (MM-CDMA) [5],
multi-processing gain CDMA (MPG-CDMA) [6], and multicode CDMA (MC-CDMA) [7]. We adopt the multi-code

CDMA method to transmit the packets from users of class I
because it has some advantages over the other methods [7],
[8].
The MC-CDMA has some interesting properties that the
other techniques lack. For example, when it comes to integration of multi-class or multi-media traffic, traffic streams with
significantly different transmission rates can be easily integrated into unified architecture, with all the transmissions over
the radio channel occupying the same bandwidth and having
the same processing gain. In addition, self-interference among
the multiple codes in a same user’s multi-rate transmission can
be eliminated by a technique called sub-code concatenation
[7].
We propose an MC-CDMA S-ALOHA system that supports
the users from both classes and evaluate its performance in the
respect of the throughput.
Multiple access interference (MAI) from both classes results
in throughput degradation. Therefore, applying some kind
of traffic control is necessary to improve the throughput.
One of the effective techniques for improving the throughput
performance is the packet access control based on the Modified
Channel Load Sensing Protocol (MCLSP) [9].
In this paper, we apply the MCLSP technique to improve
the throughput and to control the access from class I taking
into account the offered load of the users from both classes.
II. System Model
We deal with a system of a single central CDMA packet radio
network (base station) with a large number of independent data
users from class I and class II sharing random signature, as
shown in Fig. 1.
CDMA S-ALOHA transmission is used, i.e, time axis is
divided into slots, each of duration of one packet, Tp [sec]. All
users synchronize their transmission so that they initiate at the
begining of a slot.
A. Assumptions for Class I
A Poisson process is used to model packet arrivals from
class I with rate 1 .
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Fig. 1. System model
III. Performance Analysis of the System with MC-CDMA
Each transmitter of this class is provided with an MCCDMA transmitter with multi-code factor M . The original
message stream of the user of this class is generated at a bit
rate Rb [bits/sec], then it is split into M sub-streams before
transmission , each of which has a length Lb [bits] and a
duration equal to one slot duration. (In this paper, Rb is called
the basic bit rate, and one sub-stream is called sub-packet).
The user transmits M sub-packets at a time in one slot. Thus,
the bit rate, packet length, and packet duration of class I,
respectively, are M 1 Rb [bits/sec], M 1 Lb [bits], and Tp [sec].
B. Assumptions for Class II
A Poisson process is also used to model packet arrivals from
class II with rate 2 .
Since the users of this class do not mind transmission in a
low bit rate, multi-code scheme is not applied for this class.
A mobile client transmits one packet in one slot at the basic
bit rate with packet length equal to one sub-packet of class
I. Therefore, the bit rate, packet length and packet duration
assigned to class II, respectively, are Rb [bits/sec], Lb [bits], and
Tp [sec].
In Fig. 2 we have plotted an exapmle of simultaneous
transmissions from the users of both classes.
Since the packet of both classes has a fixed length, with
Poisson process, traffic from both classes can be corresponded
with an (M1 + M2 )=D=1 process, where M1 ; M2 are the
exponential interarrival time distribution of the users of class
I and II, respectively, D is the deterministic service time
distribution for both classes at the base station, and the number
of allowed simultaneous transmission is 1, [10].
To fulfill the low bit error rates required by the users, it is
assumed that each packet is transmitted successfully if, and
only if, all its bits succeeded, and no error correcting code is
applied.
Perfect power control is assumed ensuring that all subpackets from class I and packets from class II are received with
equal power at the base station. In other words, the packet
from the user of class II is received with power P , while the
packet from the user of class I is received with power M P .
BPSK modulation of the transmitted bit stream for users
from both classes is assumed.

We assume that bit errors (BER) in the transmission are
caused by the additive white Gaussian noise (AWGN) and the
MAI of transmission from both classes.
Our starting point is the equation of BER in DS/CDMA
systems with Gaussian approximation [11]

BER(k) = Q[(

k 0 1 N0 00:5
+
)
],
3N
2Eb

(1)

where k is the number of simultaneous transmissions, N is the
processing gain (spectrum spreading factor) [chips/bit], N0 is
the spectral density of Gaussian noise, Eb is the energy per
information bit in the received signal, and

Q(x) =

p1

Z1

2

x

exp(0u2 =2)du.

(2)

A. Throughput of Class I:
With some modification to (1), the probability of bit errors
of this class is [12]

BER1 (k1 ; k2 ) = Q[(

M (k1 0 1) + k2
3N

+

N0 00:5
)
], (3)
2Eb

where k1 ; k2 are the simultaneous transmissions from data
users of class I and class II, respectively.
In our system, each user of class I sends M sub-packets in
parallel. Since we are applying MC-CDMA to class I, each
one of these sub-packet is multiplied by an orthogonal code
before transmission [7]. Therefore, transmission of one user
of class I in this system can be corresponded with a simultaneous transmissions from M users in the conventional CDMA
S-ALOHA. Which means that the number of simultaneous
transmissions in our system is large enough so that eq. (1) of
Gaussian approximation can be modified as shown in (3).
In eq. (3), we note that the number of interfering packets
from class I, k1 0 1, has been multiplied by M . The reason is
that the user of class I sends a packet consists of M sub-packets
at a time, while each user of class II sends only one packet
which is equal in length and duration to one sub-packet of class
I. Therefore, since in multi-code scheme the same processing
gain is used for all users, the power density of the packet of
class I is M times bigger than that of class II, so that, the effect
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of interference from the user of class I will be M times greater
than that of class II.
We define the throughput of class I as the number of
succeeded sub-packets from users of this class in one slot
duration.
The number of simultaneous transmissions from class I in
one slot duration is given by the steady-state probability of
Poisson process as [10]
(G1 =M )

defined as the average number of generated sub-packets from
class I in one slot duration, Tp .
With the assumption of perfect capture, which means that
the number of generated packets in one slot duration is fixed
and is equal to the number of interfering packets at the begining
of the slot, we can consider that the number of transmissions
from class II, k2 , is constant in one slot duration, i.e., during
the transmission of a packet from data class I user.
The number of transmissions from data class II, k2 , can
be also obtained from the steady-state probability of Poisson
process [10]

P2 (k2 ; G2 ) =

G2 k2
exp(0G2 ),
k2 !

(5)

where G2 is the offered load of class II, which is the average
number of generated packets (users) from class II in one slot
duration.
Under this assumption, the throughput of class I is obtained
following the same steps of [12] as

1
X

M 1 k1 1 P1 (k1 ; G1 ) 1 P 1 (k1 ; k2 ; L ), (6)
=1
where P 1 (k1 ; k2 ; L ) is the sub-packet success probability in
S1 (G1 ; k2 ) =

s

b

k1

s

b

the transmission from class I. This probability is given by [13]

Ps1 (k1 ; k2 ; Lb) = (1 0 BER1 (k1 ; k2 ))Lb .

(7)

Averaging over all the possible values of k2 we obtain the
throughput of class I as

SI (G1 ; G2 ) =

1 X
1
X
k2

=0

k1

M 1 k1 1 P1 (k1 ; G1 ) 1

=1

P 1 (k1 ; k2 ; L ) P2 (k2 ; G2 ). (8)
s

b

B. Throughput of Class II:
The probability of bit error of this class, again with Gaussian
approximation, is [11], [12]

BER2 (k1 ; k2 ) = Q[(

SI I (G1 ; G2 ) =

1 X
1
X
k1

k2 1 P2 (k2 ; G2 ) 1
=1

P 2 (k1 ; k2 ; L ) P1 (k1 ; G1 ), (10)

=0

k2

s

k1

exp(0G1 =M ),
(4)
k1 !
which is the probability that k1 users (Mk1 sub-packets) exist
in one slot duration, where G1 is the offered load of class I
P1 (k1 ; G1 ) =

The throughput of class II, which is the number of succeeded
packets from class II in one slot duration, can be obtained
by the same method used for class I taking into account the
interference from class I as

Mk1 + (k2 0 1)
3N

+

N0 00:5
)
]. (9)

2E b

b

where Ps2 () is packet success probability of class II given as
[13]
Ps2 (k1 ; k2 ; Lb) = (1 0 BER2 (k1 ; k2 ))Lb .
(11)
Finally, the total throughput of the data medium becomes

Stot (G1 ; G2 ) = SI (G1 ; G2 ) + SI I (G1 ; G2 ).

(12)

IV. Daul-class MC-CDMA ALOHA with MCLSP
In MCLSP, the base station observes the channel load continuously for a certain period of time, estimates the offered load
and calculates packet transmission probability, Ptr , with which
each user station transmits a packet, then broadcasts this probability to the user stations. When packet transmission demand
is generated at user station, the user transmits its packet with
probability Ptr or stops transmission with probability 1 0 Ptr
according to the notice from the base station [9].
Algorithm for deriving the probability Ptr in a single-class
system has been presented in [9].
In our system, we apply the MCLSP to the class I only.
But the number of simultaneous transmissions from class II
should be considered in calculating the packet transmission
probability.
The base station estimates the offered load of class I, g1es ,and
class II, g2es . Assuming no estimation error in the average
offered load, we can consider that the estimated offered load
g1es is equal to the actual offered load of class I, G1 , and the
estimated offered load g2es is equal to the actual offered load
of class II, G2 .
Since our interest, for the time being, is to improve the
throughput of class I, the base station calculates packet transmission probability for this class and broadcasts it to the
terminals of class I. This probability is obtained as [12]

Ptr

=

8
< 1:0
:

G

max

0

G1

0

G2

(Gmax 0 G2  G1 )
(Gmax 0 G2 < G1 )

G2  Gmax

(13)

where Gmax is the total offered load (from both classes) which
gives the maximum total throughput without MCLSP.
Equation (13) means that if (Gmax 0 G2 ), which is the
available transmission for class I, is greater than the estimated
offered load of class I, G1 , the packet from class I will be
transmitted immediately. And if it is less than G1 , user of class
I transmits with probability (Gmax 0 G2 )=G1 . Otherwise, if
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the estimated offered load of class II, G2 , is greater than Gmax ,
the user of class I cannot transmit.
In this case, the probability P1 (k1 ; G1 ), which is defined in
eq. (4) becomes
(Ptr G1 =M )k1

k1 !

exp(0Ptr G1 =M ). (14)

The throughput of class I with MCLSP taking into account
the interference from class II becomes

SI (G1; G2 ) =

1
1 X
X
k2

=0

M 1 k1 1 P1 (k1 ; G1 ) 1
=1

P 1 (k1 ; k2 ; L ) P2 (k2 ; G2 ). (15)
m
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s
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Fig. 3. Throughput improvement of class I by applying MC-CDMA for
different values of mutli-code factor
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The throughput of class II is the same which is given in (10).
V. Numerical Example
In our numerical example, we work with a CDMA SALOHA system with spreading factor N = 128 [chip/bit].
The sub-packet length is given as Lb = 500 [bits].
For simplicity, we assume that the effect of AWGN is
neglected; i.e., Eb =N0 = 1, and the errors are caused only by
the MAI.
User of class I transmits packets by MC-CDMA technique
with factor M = 1; 8; 16.
In Fig. 3, we have plotted the throughput versus the offered
load of class I in the case of M = 1 (single bit rate), M = 8,
and M = 16 at G2 = 10. From this figure, we show that as the
multi-code factor increases, as SI increases, does not decrease
as one may expect. This is, as we have mentioned, by the
virtue of the capability of self-interference elimination of the
MC-CDMA scheme.
The total throughput of the channel versus the total offered
load (the offered loads from both classes) applying MC-CDMA
is shown in Fig. 4. We note that when M = 8, the throughput

G1

+

G2

Fig. 4. Total throughput of the channel with MC-CDMA

has almost the same maximum point of that in the case of
= 1, but at a higher value of offered load. When M = 16,
the peak point decreases, but the throughput is still better at
high vlaues of offered load. The reason of the decrement in
the peak point can be understood from Fig. 3. In this figure,
we have plotted SI I versus G1 at G2 = 10. This throughput
has the same curve when M = 1; 8; 16. From this figure, it is
clear that as M increases, at the same values of G1 and G2 , the
gap between SI ans SI I increases. In other words, SI I doesn’t
decrease when M increases, but the difference between SI and
SI I decreases rapidly, and we can see on Fig. 3 that the vertical
distance between the peak points of SI when M increases and
the curve of SI I increases rapidly, so that the total throughput
of the system will have some degradation when M becomes
higher.
Figure 5 shows SI with MCLSP versus G1 for two values
of G2 at M = 8. From this figure, we note that the throughput
can reach a constant value even at high values of the offered
load.
In a single class MCLSP system, the throughput reaches a
constant value at its peak point. But here, as we see in Fig.
5, the throughput of class I becomes constant at a point lower
than the peak. The reason of this little-degradation is that
selecting the value of Gmax perfectly in the Algorithm of Ptr
makes the Algorithm more complicated. Here we have used a
simple Algorithm, so that selecting Gmax was not optimum.
In Fig. 6, we show SI versus G1 at G2 = 10 for different
values of multi-code factor.
It is shown in this figure that further improvement in the
throughput can be obtained by using higher multi-code factor.
Figure 7 shows the total throughput of the channel versus
the total offered load in three cases, namely, at M = 1, M = 8
without MCLSP, and at M = 8 with MCLSP. It is clear from
this figure that the throughput performance can be improved
by applying the MC-CDMA technique. Furthermore, we can
get additional improvement by applying the MCLSP to the

M
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