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Abstract: A new acknowledgment-type slotted-ALOHA code
division multiple access( ACK-ALOHA-CDMA) channel which
can be used in the inbound channels of very small aperture
terminal ( VSAT) networks is proposed in order to simplify the
synchronization equipment of networks in the slotted-ALOHA-
CDMA systems. By dividing all VSAT stations into M
subsystems and sending out periodic inquiry signals from the Hub
station to the VSAT station, the channel model is established. By
the means of deriving multi-access interference( MAI) and packet
detecting probability, steady-state throughput is calculated. By
applying diffusion process theory to the analysis of the stability of
the ACK-ALOHA-CDMA channel, the drift parameter a( r), the
diffusion parameter b (r) and the steady transition probability
density p (r) are investigated. Simulation results indicate that
significant performance improvement and high-bandwidth
efficiency can be gained and one or two steady equilibrium points
can be obtained by using this channel. Consequently, the ACK-
ALOHA-CDMA channel is very suitable for cutting down on the
expense of satellite VSAT systems and distributed packet radio
networks.
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he ALOHA system is widely used in satellite VSAT
T systems'"!, distributed packet radio networks and mili-
tary communication networks. It is known that the method of
the CDMA spread spectrum and the slotted-ALOHA can im-
prove the throughput of systems'™. Much work has been
done for the slotted-ALOHA"™ . In order to simplify the
synchronization equipment of networks in the slotted-ALO-
HA-CDMA systems, a new kind of acknowledgment-type
slotted-ALOHA-CDMA channel for a multiple code spread
spectrum, which is called the ACK-ALOHA-CDMA chan-
nel, is studied in this paper. Simulation results show that sig-
nificant performance improvement and high-bandwidth effi-
ciency can be gained by using this channel. Consequently,
the ACK-ALOHA-CDMA is very suitable for the uplink
channels of VSAT stations in satellite VSAT systems. It can
not only improve the performance, but also simplify the syn-
chronization equipment and reduce the costs of VSAT sys-
tems.

1 Model of ACK-ALOHA-CDMA Channel

The slotted-ALOHA system which transmits packets in
time slots can improve the throughput, but the synchroniza-
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tion equipment will increase the costs of the system. It is
known that the spread spectrum ALOHA system, which ap-
plies spread spectrum modulation techniques to the pure
ALOHA system, can improve the performance of systems. In
order to simplify the synchronization equipment of the sys-
tem in the slotted-ALOHA-CDMA channel, a new kind of
acknowledgment-type-ALOHA-CDMA channel which can
be used in satellite VSAT systems is proposed as follows.

The VSAT system’s hub station sends out inquiry signals
(i. e. synchronous pulses) to the VSAT station. The inquiry
signal is equal to the time synchronous signal in the slotted
ALOHA-CDMA channel. The controlling element of the
VSAT station receivers act in step with the inquiry pulse sig-
nal which is transmitted by the hub station. Since the dis-
tances from the VSAT station to the hub station are differ-
ent, the transmitting action from the VSAT station’s receiv-
ers does not synchronize for an identical inquiry signal. As a
result, the channel can be regarded as a kind of acknowledg-
ment-type-ALOHA-CDMA channel, which is called an
ACK-ALOHA-CDMA channel. Fig. 1 gives the model of the
ACK-ALOHA-CDMA channel. In Fig. 1, A, is the transmit-
ting probability of the VSAT station for an identical inquiry
signal, and A, is the re-transmitting probability of the VSAT
station due to no response from the hub station.
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Fig.1 The model of ACK-ALOHA-CDMA channel

Set a synchronic signal which is sent by the hub station as
the starting point of time. The arrival time which is from the
VSAT station to the hub station by the satellite is written as
TOA. So it has maximal difference time of arrival D =
max( TOA) — min( TOA).

Because of the large number of users, all the users are di-
vided into M subsystems and a spread spectrum code is used
by a subsystem. The amount of service for each subsystem is
independent and equal. It is said that in a given time, the
number of packets transmitted by users in each subsystem is
the same.

2 Throughput Analysis of ACK-ALOHA-CDMA
Channel

2.1 Throughput

The number of packets which are transmitted by each
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subsystem’s user in period 7" obeys the Poisson distribution
whose intensity is A,7, 1. e.,

k

Prob [n, =k] = (A];‘T) exp( — A, 1)

K=0,1,2,..;i=1,2, ... M (1)

Let all the VSAT stations be divided into M subsystems in
a VSAT system and a spread spectrum code is used by a
subsystem. The PN code C'” is

c’={c,c,c’,..,Cy) i=1,2,...,.M (2)

where N is the length of the PN code. Let

T,
R,.(7) =f CV(nC(t—mdt 0 <7 <T,
: (3)
R.(7) =f cV(NC(r-m)dt 0 <7 <T,
0
where R, (7) and R, (7) are the autocorrelations for PN
codes C'” and C?, respectively; T, is the data code width.
In all subsystems, the same spread spectrum pattern is
used. Assume that the duration of packets is T, and the con-
flict block is aT, (It is usually not more than 2 chips of
spread spectrum code. ), where « is the capture ratio. It can

be proved that the multi-access interference ( MAI) of the
acknowledgment-type-ALOHA-CDMA channel is"”’

- 2. B2
Tyar = ZSZ/\iTO(R?i +K)) <
=

LSG max (1? +I¥) (4)
4 I<ij<m 7 7

where S is the power of signal; G =MA\,T,, and it is a mean

value of the packets concerning the whole system within the

packet duration 7. So the BER P, can be estimated as

2 }
1 L)
WG 12}?3\4(2“@(0) +Mk,’(1)) + SNR0

r ol

(3)

1 ® 1
where SNR, = 2E,/N,, O(x) = - f K 24y .

Usually, 2u, (0) +u, (1) = N° for the Gold code, we
have

—_ 2 %
PS_Q[(31NG+SNRO’) ] ©

In the ACK-ALOHA-CDMA channel, the length of pack-
ets is T,, and the period of the inquiry signal is 7. So the
BER P, can be amended as

|

el )'] o

1 T +SNR, '
3N D 0
If the code can correct e-bit errors, then the detecting
probability of the packets is

S (LYo -i
Py(G) = 3 (F)Pu1 =Py (8)
i=0
Fig. 2 gives the arrival time to the hub station for the
same frame. The differential of the arrival time obeys the
distribution""”’ .
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Fig.2 Arrival time for the same frame

n

) k=1,2,...n:0<x<T
9

X
Prob[ At, > x] =(1 -F

For T/T, <1, only the first packet may be received suc-
cessfully. The probability is

aTO)" (10)

P =Prob[ At, > aT,] =(1 S
For 7/T, > 1, there are other packets which are received

successfully. The probability is

P(n) = Zpqu (11)
k=1

where p, is the successful probability of the k-th packet, and

q, is the successful probability of the k-th arrival for a pack-

et. Then

1

q; = W

p, =Prob[At, > T, At,,, > al,] =
Prob[ At, > T,]Prob[ At,,, > aT,] =

[(1 —a%)(l _QTO)] k=12 ..n

k=12, ...,n

(12)

From Egs. (11) and (12), we have

R (T [(R ] RTINS

T T n T
1 T,\"
n(1_7)

(13)
From Eqgs. (1), (7) and (13), the throughput of the ACK-
ALOHA-CDMA channel S(G) is

n=2

S(G) = MP,(G) i [kP(k)Prob[n, = k]] =

PW(G)Me‘G/M [ets,o‘/M 4 ehoM +'83WG6'3‘G/M ~

B +B, =B _lG _2eﬁxG/M:|

i (14)

where B, =1 -aT/T,B, =1 -T,/T, B, =B,5,-
2.2 Analysis of simulation results

Considering the geographical distribution of VSAT sta-
tions and the duration of packets, we assume that 7,/D =5,
and the duration of packets L = 100; the capture ratio o =
0.05. Fig. 3 shows the relationship between throughput
S(G) and G when spread spectrum processing gain N =31,
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63 and 511, respectively, in which the number of subsys-
tems M =30, the number of error corrections ¢ =2, and the
input signal-to-noise ratio of the receiver is 6 dB. When N >
511, the throughput S(G) does not improve greatly.

Throughput

0 50 100 150 200 250 300 350 400 450 500
c

Fig.3 Throughput for N =31, 63,511

3 Stability of ACK-ALOHA-CDMA Channels
3.1 Diffusion process

Let n be the division frame number of the inquiry signal.
In the n-th division frame, the backlog of the channel is
B(n). The number of users which are in the waiting state is
W(n).If the propagation time is zero, i. e., W(n) =0, then
the channel state B(n) can be described by a simple one-
dimensional Markov process. According to the model in
Fig. 1, B(n + 1) is decided by B(n). So the channel state
B(n) is a Markov chain. Let

() =2

n=0,1,2,... (15)
where N is the number of users. Obviously, 0 <r(nT) <1,
r(nT) is discrete in time and the value is quantized. When N
—o, we have r(nT) —r((n—-1)T)—0. So when N is very
large, r(nT) can be approximated as a continuous function,
where r(#) (¢ >0) is a diffusion process.

The diffusion process is equal to the ratio of the channel’s
backlog to the number of users. Let r(s) =r,, then the tran-
sition probability density of channel state, p(s, r,;t,r),0<
ry, r <1, satisfies the Chapman-Kolmgorov forward func-
tion, i. e. ,

Dp(sxitou) = - La(r, wyp(s,xit,u)] +
Jat ou

L0 b wpCs it w)]

2 o (16)

where a(t, u) is the drift parameter; b(t, u) is the diffusion
parameter and it is not negative.

3.2 Drift parameter and diffusion parameter

In this paper, N, A,, A, and propagation delay R are the
parameters of the ACK-ALOHA-CDMA channel. They are
written as (N, Ay, A,, R). In Fig. 1, the channel parameter is
(N, Ay, A,,0). So we can write the drift parameter as a(r)
and the diffusion parameter as b(r). If the time increment is
an inquiry signal’s period T, then

a(r) = TNE[AB( +1) ‘ B(n) = ]

1 B(n) _
TN? N "r}

Let A, = NA,, A, = NA,. When the number of users is
very large and A, and A, are small, the number of users
which are in the re-transmitting state X (n) and the number
of users who are in the primitive state X,(n) obey the Pois-
son distribution,

(17)
b(r) =

E{[AB(n NE

Prob[Xr(n) =k ‘ B(A’[/l) = I"] :(rﬁ’r) exp( — rAr)
R s
Prob[XO(n) =k ‘ 5\7) :r] = k'O Cxp( _rAO)

and X, (n) and X,(n) are independent. For an inquiry sig-
nal, if the number of responding users is k and k packets are
transmitted, the number of packets which are transmitted

successfully is written as S(k), then
AB(n+1) =X,(n) -S[X,(n) +X.(n)] (19)

According to Eq. (18), we have

E[ X,( )‘ =r] =(1-n4,
{ [X,(n) +X,(n)] ‘B(") }:e‘G(eﬁ‘G+eﬁlG+ (20)
B;Ge” -B,G -B,G +B,G + G —2¢%°)

where G = (1 - r) A, + rA,. Therefore, we can obtain the
drift parameter,

-A, —e (" +e” +B,Ge™ -

a(r) =11

B,G -B,G +B,G +G -2e"°)] (21)

According to Eq. (19), we have
B(n
} E[ X, (n) ‘ B(n) r] -

2E{X(n)S[X(n) +X.(n)] ‘ B(”) r}+

B( n) _

E{[AB(n +1)]2

E{S’1X,(n) +X,(m)]

From Eq. (18), we have

B(n)

X( )‘ ]:[(1—r)A0]2+(1—r)A0(23)

The second item in Eq. (22) is

ELX,(mSUX, () +X,(m] | PG = 1] =
(1 _Bl _:BZ +B3 +B]e”ﬁw4r +Bzer[;24r +

B Ae™ — B AeP ) (1 -rAe +

By (1 =r)A,e e o ehliznt 1]
B.(1-r) Aoe’“ B (1=NA [ B =04, _
[B:(1 - F)Aoeﬁ‘“ “DA_peBlona

2B,(1 =) Ay +217A e e ™" (24)
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It is difficult to demonstrate a strict analysis expression
from the third item in Eq. (22). But according to the cir-
cumstances which are discussed in this paper, we have

E[S* (D1 =E[S(K)] =[(k-2)Bs +B +B]° k=2
E[S*(D] =1 }

(25)
Therefore, the third item in Eq. (22) is

B(n)
N
4eP0 4P — 40— G(B, +B, -2B,)" +11 +

(B G)’e® V7 3] Ge (" - 1) +
2B,B:Ge ("7 ~1) +2B,B,Ge (e ~1)

E{SZ[XO(n) +X.(n)] ‘ =r}:e’G[eB?G+eBEG+2eB‘G+

(26)

We can obtain diffusion parameter b(r) by adding Eqgs.
(23),(24) and (26) together.

According to the Chapman-Kolmgorov forward function,
Eq. (16), we have

%p(s, ritr) = —%{a(r)p(s, ritr)] +

a2

1 :
5 arz[b( rp(s,ryst,1)] (27)

Let p(r) =1limp(0,0;¢, r), then
d 1 & B
—a[a(r)p(r)] +W[b(r)p(r)] =0 (28)

3.3 Analysis of simulation results

The point of crossing zero of the drift parameter is called
the balance point of the channel. Fig. 4 and Fig.5 show the
driftage A(r) (A(r) = NTa(r)) and transferring probability
density p (r) (normalized) of the ACK-ALOHA-CDMA
channel for different parameters of the channel. Fig. 6 shows
the driftage A(r) (A(r) = NTa(r)) of the ACK-ALOHA-
CDMA channel for A, =0.000 5, 0.001, 0.001 5, 0.002,
0.002 5, 0.003, respectively. As an example, let D/T, =
5.0, a =0.05. We can see that the performance of the chan-
nel is poor when its parameter (N, A, A,, R) =( 10°, 0. 003,
0.1,0), because it only has a stable balance point in a high
delay area. The channel will enter saturation sooner or later.
The channel whose parameter is (10*,0.002,0.05,0) has a
balance point in a low delay area. But its throughput is too
small and performance is not ideal. The throughput and de-
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— A(r) ®
0.8} - p(r) 0!

p(r),A(r)

0 0.10.20.30.40.50.6 0.70.80.91.0
r

Fig.4 A(r) and p(r) for parameter (10, 0.003, 0.1, 0)
(N=1000,D/T, =5.0,a=0.05, A, =0. 1, A, =0. 003)

lay are a pair of contradictions all the time to a random ac-
cess channel and we should judge them by the demands of
the system. As for a satellite VSAT system, if it is necessary
to decrease the delay time from the VSAT station to the hub
station, the throughput should be reduced. Fig. 6 indicates
that the user’s primitive transmitting probability is limited
for a given channel. If the amount of service on the system
is too large, the system will enter saturation.
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Fig.5 A(r) and p(r) for parameter (10°, 0. 002, 0. 05, 0)
(N=1000,D/T, =5.0,a=0.05, A, =0.05, A, =0.002)
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Fig. 6 Driftage A(r) for different A,

4 Conclusion

This paper proposes a new kind of the ALOHA-CDMA
channel based on a multiple-code spread spectrum, which is
called the ACK-ALOHA-CDMA channel. A model of the
channel is developed first. Then, the steady-state throughput
of the channel is studied. Simulation results indicate that sig-
nificant performance improvement and high-bandwidth effi-
ciency can be gained by using this channel. Finally, the
channel’s diffusion and drift parameters with a diffusion
process theory are inferred, and the stability of the channel is
investigated. The results indicate that throughput and delay
are a pair of contradictions to a random access channel and
we should judge them by the demands of the system. The
ACK-ALOHA-CDMA channel proposed in this paper can be
widely used in satellite VSAT systems, distributed packet ra-
dio networks and military communication networks.
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