
ON PERFORMANCE ANALYSIS OF CDMA 
UNSLOTTED ALOHA SYSTEM WITH BURST 

RESERVATION 
Jae-Woo So, I1 Han, Byung-Cheol Shin, and Dong-Ho Cho 

Department of Electrical Engineering 
Korea Advanced Institute of Science and Technology, Taejon 305-701, Korea 

PH: $82-42-869-8067, FAX: +82-42-867-0449 
e-mail: { israin, ilhan}@comis . kaist . ac . kr , bcshin@cbucc . chungbuk. ac . kr , 

dhcho@ee.kaist.ac.kr 

Abstract In this paper, we analyze the perfor- 
mance of CDMA unslotted ALOHA system with 
burst reservation. A mobile terminal reserves the 
channel for the duration of its burst and transmits 
spread packets. The packets are transmitted in un- 
slotted mode. As the packet transmission of mo- 
bile terminal can be begun at any time, the level of 
multi-user interference fluctuates during the packet 
transmission. We, therefore, calculate the bit er- 
ror probability and throughput by considering not 
only the number of overlapped packets but also the 
amount of time overlap. We assume that the gen- 
eration of bursts is Poisson distributed, the number 
of packets transmitted at once by a mobile terminal 
is geometrically distributed, and the packet length 
is constant. By modeling the system as a Markov 
chain, we obtain the throughput of CDMA unslot- 
ted ALOHA system with burst reservation. 

I. INTRODUCTION 

Currently, the packet radio systems based on the 
code division multiple access (CDMA) have received 
significant attention as a system for third genera- 
tion mobile communication because of features such 
as random access capability, potentiality for high 
throughput performance, and low peak power in 
the transmission [l]. The packet radio systems 
based on CDMA can be classified into two systems, 
CDMA slotted ALOHA system and CDMA unslot- 
ted ALOHA system according to access schemes. In 
CDMA ALOHA system with burst reservation, a 
mobile terminal reserves the channel for the dura- 
tion of its burst and transmits spread packets based 
on methods similar to other reservation-based pro- 
tocols such as Packet Reservation Multiple Access 
(PRMA), PRMA++, and PRMA/CDMA [2]. In 

CDMA slotted ALOHA, packet transmission is initi- 
ated only at the beginning of a slot and the success of 
packet depends on the number of interference within 
the slot. In contrast to CDMA slotted ALOHA, the 
packet in CDMA unslotted ALOHA can be trans- 
mitted at any time, so it does not require synchro- 
nization. Its system implementation, therefore, is 
easier than CDMA slotted ALOHA. However, the 
analysis of CDMA unslotted ALOHA is more diffi- 
cult because the level of user interference fluctuates 
during the packet transmission. 

Many people have studied on the analysis and im- 
provements of the CDMA ALOHA systems. Yin 
and Li [3] introduced a new technique to analyze 
the throughput of an L-channel CDMA network. 
Their analysis of the unslotted CDMA system with 
fixed packet length was based on the ballot theory 
considering the level of signal to noise ratio during 
packet transmission. Toshimitsh e t  al. [4] presented 
a novel spread slotted ALOHA system with a CLSP. 
The slot size of the proposed system was assumed to 
be less than the packet size. They, therefore, were 
able to apply CLSP and improved the throughput of 
spread slotted ALOHA system. Sat0 et al. [5] an- 
alyzed the CDMA unslotted ALOHA system with 
fixed packet length. As the levels of multiuser in- 
terference fluctuate during the packet transmission, 
they calculated the packet success probability and 
throughput. 

In this paper, we analyze the performance of CDMA 
unslotted ALOHA system with burst reservation. A 
mobile terminal can transmit its burst in unslotted 
mode after receiving the permission granted packet 
and spread sequence from hub station. The hub sta- 
tion senses the channel load, which means the num- 
ber of simultaneous transmission, and controls the 
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permission of mobile terminal's transmission so as 
not to cause the severe multiuser interference. This 
paper is organized as follows: In Section 11, the sys- 
tem model of CDMA unslotted ALOHA system with 
burst reservation is presented. The system parame- 
ters such as packet succcss probability and through- 
put are analyzed in Section 111. In Section IV, nu- 
merical results and computer simulation results are 
compared, and concluding remarks are presented in 
Section V. 

11. SYSTEM DESCRIPTION AND 
MODELING 

A mobile tcrminal sends a reservation request packet 
to hub station for burst transmission and waits for 
permission. Hub station senses the channel load and 
then sends a permission granted packet to mobile 
terminal if the channel load is less than or equal 
to a certain threshold a. This scheme is similar to 
CLSP (Channel Load Sensing Protocol) [6]. The 
mobile terminal receiving the permission granted 
packet transmits its burst at any bit time. The state 
transition diagram is shown in Fig. 1. 

h e s t  for Permission 

Figure 1: State transition diagram 

To evaluate the throughput performance of the 
CDMA unslotted ALOHA system with burst reser- 
vation, we have a few assumptions as follows: (1) 
The generation of bursts is assumed to be Poisson 
distribution with arrival rate A. (2) The number 
of packets transmitted during a burst by a mobile 
terminal is geomet&ally distributed with average 
number of packets B and a packet length is constant 
L. (3) Every transmitted packets are received with 
equal power. (4) Bit errors in a packet are caused 
by the effect of multiple access interference and ad- 
ditive white Gaussian noise (AWGN) [5]. The bit 
error probability is expressed as [7] 

where 

Here, N is the number of chip per bit, A is the numbcr 
of interfering packet, No is the two-sided spectral 
density of Gaussian noise, and Q(z) is given by 

111. THROUGHPUT ANALYSIS 

(3) 

Transition of the Number of Interfer- 
ing Packets 

The number of interference level varics during its 
burst because mobile terminals can transmit their 
bursts at any time. For calculating a packet success 
probability, we suppose "tagged" packet as shown 
in Fig. 2 and arrange the other messages in order 
for simplicity. This figure shows that the number of 
interfering packets varies while the tagged packet is 
transmitted. 

I 

Figure 2: A fluctuation of interfering level during 
tagged packet transmission 

Because the generation of arriving bursts is Poisson 
distribution, the probability that k bursts will enter 
the network in a packet duration Tp is given by 

(4) 

Now, we calculate the probability P(m) that there 
are m packets a t  a certain time t,. First, we assume 
that the number of bursts that arrive in time interval 
Itrn+, t , - i+ l )  and depart channel after t ,  is equal 
to a,. Then, P(ai)  is calculated as following. 
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where the probability P(B  2 i) that the number of 
packets in a burst is larger than i packets is calcu- 
lated as follows. 

P ( B  2 2)  = z p - ( l  -p)"-'  = qE- ' ,  q =  1 - p  (6) 

Let a time interval [ tm-r,tm-z+I) be interval i and 
we define that the number of bursts that arrive in 
(interval 1, interval 2, -.., interval M )  and depart 
channel after t, is equal to (a1 , u2, * * * , U M ) ,  respec- 
tively. As the probabilities P(u,)s are independent, 
the probability P(al ,  u2, . - . , U M )  is obtained by mu- 
tual products as following. 

m 

X = i  

P(ul ,a2,***,aM) = P(ul)P(u2)*..P(aM) (7) 

where M is the maximum number of packets could 
be transmitted at once by a mobile terminal. Ac- 
cordingly, the probability P(m) is given by 

System Offered Load 

Offered load G is defined as the average number of 
generating packets during packet duration Tp and 
can be expressed as 

G = A .  T~ .B (9) 

where Tp is a packet duration, i.e., Tp = L / R  and L 
[bits] is the length of a packet. Also R [b/s] is the 
data rate and B is the average number of packets 
transmitted at once. Because the number of ongoing 
packets on channel is always less than or equal to a,  
the system offered load Gsys is given by 

where m is the number of packets and the probabil- 
ity P(m) is obtained by (8). Furthermore, we define 
the normalized offered load as 

G,,,m = - . - [bits/Hz/sec] (11) 

where N is spreading factor. Because the number 
of packets is geometrically distributed with average 
number of packets B, the probability that the num- 
ber of packets transmitted at once is 2 [packets] is 
given by 

(12) 

N TP 

P(B = z) = p . (I -*)+I, p = 1/B. 

Derivation of Conditional State Tran- 
sition Probability 

If the number of interfering packets is mi on ith bit , 
the interfering packets increase to mi + 1, decrease 
to mi - 1, or remain to mi during bit timing since 
the number of interference level is varying bit by bit 
during the tagged packet transmission. The number 
of interfering packets is always less than a since the 
number of ongoing packets is controlled below a cer- 
tain threshold a by hub station. Let the bit timing 
be At, then the system can be modeled by Markov 
chain as shown in Fig. 3. 

Figure 3: State transition of the number of interfer- 
ing packets 

If there are ml bursts on first bit of tagged packet 
and the number of bursts that depart during the 
packet duration Tp among ml bursts is equal to mi 
as shown in Fig 2, the average service time of mi is 
Tp/mi and death rate p(m1, mi) is derived as [5] 

(13) 
m' 

(u(m1, m i )  = 2. 
TP 

Also, birth rate X is obtained by (9). 

G A=--- 
Tp - B 

Accordingly, the conditional state transition proba- 
bility is expressed as 

i Imj-1) 
' 1 - AAt - p(m1, mi )A t  

, if mj = mj-1, mj < LY - 1 

, if mj = mj - l ,  mj = a - 1 

, if mj = mj-l - 1, mj < a - 1 

, if mj = mj-l + 1, m j  5 a - 1 

1 -p(ml,m:)At 

pcl(m1, mi )At (15) 

Ant 

0 , otherwise. 

Derivation of Packet Success Probabil- 
ity 

To calculate the packet success probability, we de- 
fine an extended function fj(mj,ml,mi) used in 
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Ref. [5]. The tagged packet is transmitted suc- 
cessfully from the first bit to the (j - 1)th bit, 
where ml, bursts depart during packet duration Tp 
among ml bursts which is the number of interfer- 
ing bursts on first bit. We can calculate the func- 
tion f, (m,, m l ,  mi)  recursively based on Markovian 
property of m3. First, when j is thc first bit of 
the tagged packet, fj(mj, ml,m',)  is the function of 
probability P(mi,  ml) .  

where P(rn1) is obtained by (8) and P(m1,m;) is 
calculated as follows. 

P ( w ,  4)  
= P(ml)P(m:Iml) 

, a = 1,2,3,  

When j is not the first bit of the tagged packet, 
fJ (mJ , m l ,  m i )  is calculated recursively as following. 

m3 +1 

f j (mj ,ml ,mi )  = [ fj-1(mj-1,mlYmi) 
m, -1 =m3 - 1 

* q ( m j I m J - l )  . ( l  - pb(mj-1)) 1 (18) 

Using f, (mj ,  ml , mi) ,  we can calculate the packet 
success probability QS recursively. Because the 
length of packet is constant L,  the packet success 
probability is calculated by setting j = L. 

a-1 a-1 m1 

Q s =  [ f ~ ( m ~ , m i , m l , )  
mL =O ml =O mi =O 

* (l - %(m)) 1 (19) 
On the other hand, the system throughput is defined 
as the average number of successful transmissions in 
a packet duration Tp. Thus, the system throughput 
Ssys and normalized throughput Sao,m are obtained 
as 

IV. NUMERICAL AND SIMULA- 
TION RESULTS 

In this section, we compare the numerical results 
with simulation results of CDMA unslotted ALOHA 

system with burst reservation. Bit errors in a packet 
are assumed to  be caused by multiuser interference 
and additive white Gaussian noise. The system pa- 
rameters used in this simulation are summarized in 
Table 1. 

Table 1: System Prameters 

Item Symbol Value 
Data rate (kbps) R 9.6 
SDreading factor N 30 - 
Average length of a burst B 5 
(packets) 
Packet length (bits) L 512 
Threshold of channel load Q variable 

First, when hub station don't control channel load, 
that is, the threshold of channel load a is infinity, 
throughput performance for various &/NO is shown 
in Fig. 4. Infinity value of &/NO means that the ef- 
fect of additive white Gaussian noise is neglected and 
so bit errors can occur due to multiuser interference. 
As expected, results show that the throughput of 
CDMA unslotted ALOHA system with burst reser- 
vation also exhibits the ALOHA-like throughput (S) 
versus offered channel load (G). S increases with 
G, but eventually decreases as G becomes larger. In 
Fig. 5 and Fig. 6,  throughput performance of CDMA 
unslotted ALOHA system with burst reservation is 
shown for various threshold of channel load a when 
hub station controls channel load. Here, only mul- 
tiuser interference is considered. For ct < 8, through- 
put is lower than that of system without control of 
channel load because of over rejection of hub sta- 
tion. When cr = 8, maximum throughput is ob- 
tained. The throughput decreases as a is larger than 
8 and the same throughput as system without con- 
trol of channel load is shown for ct 2 26. These 
results imply that the setting of optimum threshold 
value of channel load is important. 

V. CONCLUSIONS 

Throughput of CDMA unslotted ALOHA system 
with burst reservation is analyzed in this paper. In 
this system, a mobile terminal reserves the channel 
for the duration of its burst and transmits spread 
packets in unslotted mode. Under assumption that 
the generation of bursts is Poisson distributed and 
the number of packets in a burst is geometrically 
distributed, the system can be modeled as a Markov 
chain. We obtain the throughput of system con- 
sidering the variance of multi-user interference dur- 
ing a burst transmission. The results show that 
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Figure 4: Throughput performance vs normalized 
offered load for various Eb/& values 

\ 1 

Figure 5: Throughput performance vs normalized 
offered load for various cy values (a 5 8) 

the throughput of CDMA unslotted ALOHA sys- 
tem with burst reservation exhibits the ALOHA- 
like throughput versus offered load when hub sta- 
tion doesn’t control channel load. However, when 
hub station controls the level of multi-user interfer- 
ence, the system keeps high throughput at high load 
traffic. Furthermore, optimal threshold to maximize 
the number of simultaneous transmission of packets 
is obtained. 
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