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ABSTRACT

Throughput Slotted ALOHA CDMA by dual model path gain Nakagami/Nakagami fading
channel by capture effect is analyzed. The approach of fading effect to BER is calculated by
path gain. Path gain for desired signal and interference signal is unequal. Therefore, at this
research BER used on S-ALOHA CDMA is BER with two different model path gains at Nakagami/
Nakagami fading channel with capture effect. Result of calculation indicates that through-
put of slotted ALOHA CDMA are getting better with increase level of parameter fading
signal and long code. Others throughput slotted ALOHA CDMA also better progressively
with the decrease of capture ratio and simultaneous user.

keywords: Slotted ALOHA (s-aloha), CDMA, s-aloha cdma, Nakagami fading, CAPTURE
EFFECT

1. Introduction

Wireless communication based on code-division multiple accesses (CDMA) have a ca-
pability to handling multiple access transmission, overcoming multipath fading and
cochannel interference, and also enhancing capacity of the system. [1]. Multipath
fading causes the quality of services get decreasing while cochannel interference causes
low capacity of system. There are two kinds of parameter that usually used for showing
performance of CDMA's system are outage probability and bit error rate (BER) [2]. BER
calculation for CDMA has been used by researchers to calculate in a variety of approxi-
mation where they use standard Gaussian approximation (SGA) often. The results of
calculation have been implementing in variety of channel fading cases [3]-[7].

In SGA, central limit theorem (CLT) is used, then we assume that signal effect of mul-
tiple access interference (MAI) with additive white-Gaussian process, variance of MAl is
used to calculate signal-to-interference ratio (SIR). SGA is an easy approximation to
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implement because it uses the rate of SNR directly but the analysis of performance is
very optimistic if the amount of users is small especially [3].

BER's calculation for COMA based on CLT, it used for analysis CDMA system in the fading
channel with Rayleigh distribution and synchronizing random sequences or asynchronizes
[7]- The influencing of amount of users is effect on BER when we measured in a certain
SNR. In [8], influencing of channel coding and diversity to BER's estimation in Rayleigh
channel has been explaining specifically. The combination of spread spectrum modula-
tion with channel coding and diversity is able to gain a high performance in one of
application in this technique

The calculation of BER's cellular system in Rayleigh/Rician channel has been analyzed
[9]. In Rayleigh/Rician channel, desired signal modeled in Rayleigh distribution, while
interfering signals modeled in Rician Lee distribution, [10] has been explaining about
the influence of channel coding and diversity order toward BER’'s CDMA in Rician chan-
nel, while Sasamori and his friends [11] have been generate BER's CDMA in Rician
channel.

The influencing of cochannel interference that go through fading with Nakagami distri-
bution has been explain in [2],[12]. In [2], expression of closed form from BER system
for mobile communication to generate binary phase shift keying (BPSK) and binary
frequency shift keying (BFSK). While in [12], the influence of cochannel interference
with Nakagami model is compare with Rician/Rayleigh model. In CDMA system, the
influence of fading to BER is get from determine SIR first then path gain through as-
sumed it has same rate neither main signal or interfering signal.

The analysis of ALOHA perfomance in fading channel has been explain before [13]. The
analysis of S-ALOHA perfomance in channel fading Rayleigh has been explain [14],[15].
The perfomance of S-ALOHA in channel fading Nakagami with the same parameter for
test packet and interfering packet as well [16]. In communication of micro diversity, the
rate of fading parameter for main signal and interfering signal is not always the same.
In this research we will analyze the throughput of CDMA S-ALOHA in Nakagami/Nakagami
fading channel with different parameter of fading, COMA S-ALOHA system utilize cap-
ture effect. Capture effect is added in system intended to overcome the decreasing of
effective throughput because the amount of bits in transmitted packets is decreasing,
so capture effect is used to overcome this problem because in S-ALOHA techniques, the
receiver in BS can capture a packet successfully as many packets transmitted to-
gether in one slot. Thus, effective throughput depend on capture probability and prob-
ability of succeed packet that transmitted. Therefore, it is very interesting to analyze
throughput of CDMA S-ALOHA in Nakagami/Nakagami fading channel in a different
parameter of fading in capture effect. The perfomance in a communication system that
use random access method can be measure through throughput parameter [17],[18].
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The contribution in this research is analysis the throughput of CDMA S-ALOHA that use
BER with different dual model path gain in model Nakagami/Nakagami fading channel
with capture effect. We analyze the throughput through calculation in a different dual
model path gain for main signal or interfering signal. To enhance throughput of CDMA
S-ALOHA, we propose use capture delay [19]-[21]. Capture delay is potential to make
a packet can receive well as there is another packets in the same slot so the throughput
is getting improvement.

2. Model System

We can use system observe in figure 4.1. Signal from transmitter (Tx), S,
transmitted through in a channel to receiver (Rx). In Rx, the received signal consist of
main signal, X, and (L — 1) multipath random signal, Y, that is interfering signal. The
combined between Xand Y that receive from Rx is always assumed have the same
model. In micro diversity, model path gain between signal X and Y might be different.

Ex

T I:;. | Kanal :I_?_IE'T

Tx L .L-"----
| /

Figure 4.1 Model system
2.1. Model Transmitter

Transmitted signal by user kt" is given by [8]:

S.(t) = Aa, (b, (t)cos(w t +6,) @

Ais amplitude of signal where A = ,/2p with P is signal power [3]-[7], is carrier
frequency, and 6, is signal phasek™ . Signal of spread spectrum code (SSC) a(t)
from k™ is used for spreading process that is an order of periodic signal with amplitude
is one (unit amplitude), there are positive and negative in a square pulse with duration
Tc [1], and can state as

a (t) = Zaik PI'C (t - iTc) (@)

j=—0
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akis chip amplitude ™, PTC (t) =1for 0<t<T and PTC (t) = 0 and another t.
Data signal from user k™ is an order of periodic signal with amplitude is one (unit
amplitude), there is positive and negative in square pulse with duration T, and can be
state as

b )= 2bR =Ty

Jj=—©
b;-( is amplitude of symbol data at time slot jSt and k=1, 2, ..., K, and Kis the amount
of active users simultaneously. Duration of data signalis T= NT_, Nis length of PN
code.

2.2. Model Channel

If there is L-path signal that transmit in a channel, there is one desired signal at least
in a channel and L—1 multipath fading signal. Impulse response from low passer (low-
pass equivalent impulse response) pass band channel for the link between transmitter
k™ and receiver is given [8]:

h _ . o
(1) IZ:l:BlkS(T Ty )€ @

B, is path gain |, @, is path phase | that assumed uniformly in [0, 2 7], and
T, is path time delay that assumed uniformly in [0, T], where /=1, 2, ..., Lis
the amount of path.

Received signal from receiver is given by [8]:

r(t) = Re{ZK: [ h @S, t-7) exp(ja)ct)dr} +n(t)
(5)

S~k (t) is complex envelope from S (1) for 6, =0 and Re{} state as real part of the
complex Pumber. Substitutes equation (1) and (4) to equation (5), so we get [8]:

r(t) = AY { Auay(t— 1) xby(t—7,) x Cos(@,t + @)} +

L K

AZZ{A(gﬁl(t—r.k)xbk(t—rlk>xcos(wct+<1>.k)}+n(t)

1=1 k=2
Where n(t) is white Gaussian noise with power spectral density (psd) worth of N /2 (W/
Hz), is the amplitude of fading with Nakagami distribution. In (6), desired users is
prefer to first user (k = 1), while second user until user are assumed as interfering
signal.
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2.3. Model Receiver

If assumed that delay and phase from receiver is synchronize with first user so decission
statistic to detect signal from that user is[8]:

L= 'f "(Hyay (t — 7 y)cos(w 1+ D, )t Q)

\l'“

Substitute (6) to (7), therefore [8]:

AT

£ 1
S =P by +
A & | ﬁrl cos(dy, — (D 1) |

2 iy |40 R, <rn)+bP\1 o)
A \£‘\L‘ |ﬁjk COH'((I)Nc k) \|+1'
=T PR, (4, + BER, (1]

lJ|

k=

®

Where and are an order data bits from signal of user , , and vis Gaussian with zero
mean and variance N,T/4. First row in (8) represent desired signal to detect. Second
row is (L — 1) self-interference that desired (first user) effected by side lobe function of
autocorrelation of SSC from first user. Third row is L(K — 1) multi-user interference or
MAI from (K —1) different active user simultaneously in a system. The last row is
Gaussian RV affected by AWGN. If diversity technique that used is MRC with M order. So
we can define a random variable (random variable — RV), in [10]:

9)
Where ,ﬁm is path gain in (8).

3. Bit Error Rate of CDMA
The calculation of BER's CDMA can use through SIR and PDF. Calculation BER intends to
model of Nakagami fading channel, it means that desired signal and interference signal

are modeled in Nakagami model. While packet gain that use for desired signal is as-
sumed has different rate with path gain for interfering signal.
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3.1. Signal to Interference Ratio (SIR)

We can simplify equation (8), to [10]

AT
=By byt

U

(SN IS

.

i
“:Mrw

ﬁ’ cos(Py —D W, +

L
S B cos(Dy, — D, + v

=2 /=1

;.‘..

19 ]
™M=

(10)

T [ > KD fe
llf!ﬂl”!k - [EJ—lel '('r!k)—" E)D R}cl ('rj'k jl] . First row is desired signal that has
avarage power [8],[10]

(11)

constant. While second row, third and fourth have self interefence, MAI, and noise with
a given power is [10]

g2 L
A S EB, cos(@,, — @, ) 1EDT]

int2 —
I=11=j
(12)
42 X L 5 5
Fus = 2 2 El(fy cos(Dy = D 1) 1EDT,
k=21=11=j
(13) and
N_.T
j‘) — o
moise _|- (14)

Where = 2T?/3N for the system that use Gold code [10]. SIR is defined as the compari-
son of main signal’s power to sum of total interfering signal’s power and noise can be

state as [10]
1 P,

SIR = cignd
ﬁ (P int2 + Pmt3 Pnoise ) (15)

[ 60 | \ol.3 No.1 - September 2009




ISSN: 1978 - 8282

Substitute (11) to (14) and (15) to get result [10]

()

SIE =
A [ T B[R, cos(E, — @ 0 1+ 2 T ER, cos@ & 13031] - 2l
=1, - =2 0=l -
(15a)
Equation (15a) can state in another form as [10]:
. _ CE, SNy
SIR = . = (16)
1+ (L —1) 2y E[ﬁz]; + Lfg—l)ig[ﬁz] -
) M, 3 ) i ® 3
N . I - - [~ = -
e =iven by (9). If E[Bn ]: € %E[ﬁjk]: 52}, .
€2 is power signal of component in self interference and
€2, 1is power signal of component of MAT with o7 is
SIFE. . thus equation {16) can be "written as
B, LIV
SIR = —— p 20 — o
<, 2 _ _ _
1+ [z -2, ]+ [z -1 | (17)

N, 3N

3.2. Probability Density Function Signal in Nakagami Channel Fading

If Xis RV that state as transmitted power signal and go through distributed fading of
Nakagami , thus Xwill have pdf as follows[2]:

P -
a

) 77
£ (20 = | <o | T (772, )

e};p[. — ;;; ~ | (18)
X is instantaneous power that goes through fading; m _is parameter of Nakagami
fading.

If Y is RV that state power from L signal that go through distributed fading of Nakagami,
thus Y will have pdf as [2]:

([ m,, \‘ T e Ty )

. »-
exXp| — — (19)
£2y ) T(;71yL-) Y £2y !

.

yis power from instantaneous signal that go through fading, m, is parameter fading of
Nakagami. To calculate BER with two kind of model path gain, thus can defined as new
RV, that is, with each of Xand Y have given pdf from (18), (19). Pdf from A calculate in:
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Pa(@) =] pr()py (N =" prl@=1)py (3 20)
The calculation of combined pdf from signal X with distributed Nakagami and signal Y
with distributed Nakagami can obtain thorough subtitute equation (18) and (19) to (20)
as follows:

£ m I
I T s e (=7 1, e oy
Pat@=l, [QJ T, Exp[ o }{QJ remD PR )T

x

BT ooy )]

Tsez, +re, L)

3.3. Bit Error Rate

Conditional of BER CDMA in modulated system of honcoherent BPSK determined by
[2],[9]:

I-)e(o:):éexp(—cx]—]) (22)
is given SIR by equation(17).

BER from CDMA system can calculated in equation [2],[9]:
P, = J; P (ax)p, (x)da (23)
is pdf from A thatgivenby (21).

BER CDMA with dual model path gain in the Nakagami/Nakagami fading channel ob-
tained through substitute equation (21) and (22) to (23) that is:

P %EXIJ(—-::H)%X xlf"T[m L +m L,a[[%}—[%}]]drx (24)

_mrx CE+ -1
(=4 ) —Q

After calculation we get

|"m)‘ 2, |
. o ] R = —| =
P Y Il P e
- 2l 2 2 2 i N
zle) e, : (4 12 (25)
. 2
I o = 2723”!‘572}, . thus
- - - -~y L
e,
o — —= | — i
1 e, _ e, et | o |
7 =_| p | v, | B p - (26)
L * : (r+ 2]
\ <
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is gamma function , is , is the power of signal component self interference, is the
power of component signal of MAI, is the amount of active user simultaneously. Nakagami
distribution can used as Rayleigh distribution as.

4. Capture Probability

In cellular communication where there is different variety of signal power between one
and another signal as effected by MS motion, effect fading, and variety of distant be-
tween transmitter and receiver. These things make possible that a packet can receive
well as there are another packets in a same slot. This phenomenon is called capture
effect. These phenomenons escalate throughput system.

4.1. Delay Capture

In this research, we will explain about delay capture, where capture probability

from delay capture effect is given by [19],[20],[21]:
|" 0= k=0
1 = k=1

_ (27)
|‘ 11— — k=2

(: v

n

Q is ratio of delay capture that is comparison between capture time and different time
of maximum arriving packet. For perfect capture effect , and without capture effect.

5. Throughput of CDMA S-ALOHA

Throughput of CDMA S-ALOHA in the channel fading we state as [15],[16],[20]-[25] :

-

151 — (:7"

STBk) |- =Py (28)
= )
Where is the lenght of a packet, is probability frame that happen along period of
frame in S-ALOHA that use Poisson distribution:

GFe
P(lk)— ——— (29)
il
Throughput of CDMA S-ALOHA in channel fading apply delay capture effect
S=G| >R |-(1-P )" -, (30)
k=1 A
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6. Results and Analysis

Table 1. Used Parameter

§ [Pakets/Slot]

Parameter Rate
The amount of signal from signal n=3
The amount of total path =5
The amount of ugers K =20
Processing gain N=1531,63
Average power of main signal y — 5§
. =5
Average power of MAT signal y — 5
£, =7
Parameter of Nakagami fading from =3
main signal L
Parameter of Nakaganu fading from m =3
mterference power signal yooT
Signal to noige ratio E )
=30
4 D
Capture ratio O=0.01
The length of packet L, =500
Otfered load G=0-40
14 T T T T T T T
my=15
12 ) -
my =14
10 my =11 B
. 1n x= -
my =4
6 - -
my =3
4 .
my=2
2 -
o 1 1 1 1 1 1
o 3 10 15 20 25 30 35 40

G [Pakets/Slots]

Figure 1. Throughput of CDMA S-ALOHAIn the Nakagami/Nakagami fading channel with
capture effect with rate of changed and parameter rate of.

Figure 1. Shows that throughput of CDMA S-ALOHA in the Nakagami/Nakagami fading
channel with capture effect and rate of will change as parameter rate of. Figurel
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obtain from equation (30). Figure 1 shows that the increasing of effect the throughput
of S-ALOHA is increase also, this thing occur because the increasing of parameter rate
of , of course the increasing of main power signal higher than the power of interfering
signal.

7. Conclusions

We can observe that the throughput of CDMA S-ALOHA will getting improvement if the
rate of is higher, lenght of code and capture effect. Throughput of COMA S-ALOHA is
worsen if the amount of users is increasing, capture ratio.
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