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ABSTRACT

In this paper, an adaptive coding system is analyzed over a Rayleigh fading channel for digital communication
without retransmission, which operates based on a received signal to noise ratio (SNR). For the analysis, a
finite-state Markov channel model is used for a Rayleigh fading channel, ‘which is constructed by dividing the
value of a received SNR into K intervals. Taking the types of errors at the prediction process into account, the
average bit error probability and the average throughput are computed for the adaptive coding system. Numerical
results are shown, which uses the punctured convolutional codes as a coding scheme whose code rates are simple
to be changed. It is shown that the adaptive coding system based on a received SNR improves the performance
of the system.

envelope of a received signal is not constant, which

I. INTRODUCTION

In mobile communication environments, there are
many electrical wave reflectors between transmitter
and receiver, such as plain, terrain, buildings and
vehicles. When a signal is transmitted in this
wireless channel, many paths of electrical wave are
formed between transmitter and receiver. Although a
transmitted signal has a constant envelope, the

is called as multipath fading””, This phenomenon
degrades reliability of communication in wireless
channel.

To overcome signal fading, many methods were
proposed. One of them is to use error control
codes™, The design of an error comrection coding
system usually consists of selecting a code with the
fixed code rate and the error correction capability is
matched to the worst channel conditions to be
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expected. The code with fixed code rate provides bit
error probability which is always below a specified
value. However, the data throughput is lower than
that achigvable if we select optimum code in each
state. So, a more efficient method is to use an
adaptive error control coding scheme that operates
according to the actual channel state by selecting the
optimum code rate.

In the adaptive coding system, followings are
necessary: criterion for demarcating channel state,
channel state estimator, channel state predictor,
return channel, variable rate encoder and decoder.
Some of the adaptive coding schemes are
introduced®*'”, In [8], the considered system is
type-1 hybrid ARQ, and the criterion for
demarcating channel state is the number of
erroneous blocks at the decoder. In [9], the
considered system is FEC system, and the criterion
for demarcating channel state is a path gain, which
has Rayleigh distribution, In this paper, the analyzed
system is FEC system, and the criterion for
demarcating channel state is a received SNR. It is
considered over a Rayleigh fading channel for
digital communication,

In the analysis, a Rayleigh fading channel is
modeled into a finite state Markov channel model.
The value of a received SNR is divided into a finite
number of intervals, and each interval represents a
state of Markov channel model. In each state of
Markov channel model, a new probability density
function(PDF) is introduced and is used for
calculating the crossover probability, mean and
variance of a received SNR of that state. Taking
types of errors at the prediction process into
account, their probabilities are calculated, and then
the bit error probability and throughput of each state
are calculated. Then the average bit error probability
and the average throughput of the adaptive coding
system are calculated. Using these, numerical results
are shown, which uses the punctured convolutional
codes as a variable rate coding scheme whose code
rates are simple to be changed without changing the
basic codec structure, and zeroth order prediction.
The results show that this adaptive coding system
based on a received SNR using channel prediction

has advantages relative to nonadaptive coding
system. Furthermore, resulis show the method to
find optimum threshold to satisfy the required BER
and to achieve as high throughput as possible. Most
of all, the focus of this paper is to provide a method
to analyze an adaptive coding system which operates
according to a received SNR.

This paper is organized as follows. Section II
describes the channel model for a Rayleigh fading
channel, and Markov chain is considered. In section
I, system configuration and code description are
given. The punctured convolutional code is
described. In section IV, the system analysis is
described, and in section V, numerical results are
shown for the adaptive coding system using
punctured convolutional codes. Finally, section VI
concludes this paper.

I. CHANNEL MODEL

A channel model is generally used to describe the
error statistics of a channel. The simplest channel
mode] is binary symmetric channel (BSC) model. It
describes stationaty, memoryless channels which
have binary input and output, and it is completely
determined by crossover probability™®.,

Rayleigh fading channel has time varying
characteristics, and so BSC model is not used. But
over a short time interval, the channel parameters
are reported to remain constant™®. Like this, the
channel, which has constant channel parameters over
a short time interval although channel is time
varying over long time interval, is called as
quasistationary channel. This characteristic enable
time varying channel to be represented as finite-state
channel model, each state of which is stationary''®.
Furthermore, if perfect interleaving is assumed and
it is also assumed that each received symbols are
independent, as the characteristic 'memoryless’ is
satisfied, BSC model can be used in each state of
time varying channel® '®,

In this paper, the criterion for demarcating
channel state is a received SNR which is expressed
as (1), where E_ is a transmitted code symbol

energy, and N,/2 is two sided power spectral
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density of an additive white Gaussian noise, and ¢«
is a muliplicative distortion which is Rayleigh
distributed.

r=9nd 4))

The probability density functions of « and y are
(2) and (3) respectively. In (3), o = E[y] =
¥ E[L] = 2.

exp( -2 ), a=0
2(a) =[ # oo ~4g) @ @
0 )
lexp —_ L . 20
p,(» = { s exo(=3) 7 3)
0 , 7<0

To make a finite-state Markov channel model, the
value of a received SNR is divided into K intervals
such as [ay, @), [a;, @), s [ak-1. ax), where
ay =0 and a, =co. Here, each interval represents
a state of the model. Let a state s, denote an
interval [a,, a;,,). To find statistics in some
probability space, the probability density function
(PDF) is needed. Suppose PDF of a received SNR
in state s, as

2Dy e (a4, ap)
Pr(7) = [ )}
0 , elsewhere
where p, is the probability of state s, which is

calculated as (5).

w= [ onay ®

Let a new notation E[f(7,)] be the expectation
of a function #(y) in state s, and E[g(e,)] be
the expectation of a function g(q) in state s,. Then
they are given by

ELFO)] = [ F0) bRy (6a)
bywt
Elg(a] = [ A par(a)da (6b)
1212

whete b, = | Mg, is the threshold value

converted to ‘o’ domain and p, () is defined
similarly to (4) replacing p,(») with ,(a). Then
mean and variance of a received SNR in state s,
are computed as (7a) and (7b).

My = E[rk]’ (73)
iy = El(n—-m,)%] = E[A]-E[n] (Tb)

Now the important element in BSC model,
crossover probability, can be calculated in state s,

using material given above. For example, when
BPSK is used as a modulation scheme, using (6a)
the crossover probability in state s, is given by

l

e

E{ QXY 27, )] ®
L e o, unar.

Then, when no error correction coding scheme is
applied, the average bit error probability of BPSK is

given by

Em €

B ELQV Z7,)] ©)
- E) 5,(9 dr.

®
I

To explain the time varying characteristics of
Rayleigh fading channel using finite K states which
are stationary, Markov process is used in which a
first-order Markov chain is used for state transition,
Let y, denote a received SNR at time n and S,
denote a channel state at time n Then ""§,”"
denotes Markov process representing Rayleigh
fading channel, and if 7, is included in an interval
[ak. ar+1)» S, has state value s,.

In the Markov process, two elements are needed:
state tramsition probability and initial state
probability. First, the state transition probability,
denoted as ¢ ,, is the probability of state transition
from s; to s,, which is written as (10).

tj'[, = Pl'""S,H.l = skIS, - S,‘”" (10)
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Under the assumption of slow varation of
channel, transition is possible only to one of the
adjacent channel states. All the state transition

probabilities are as follows''.

te =0, Vii—kl>1, (11a)
fael = Ao, k=0,1,, K—2, (11b)
fam1 = Jie, k=1,2, 0, K-1, (11c)

by = 1= tpaor—thaer, k=1,2, -, K=2, (11d)
fho = l_tﬁ.l) (lle)
te-1r-1 = 1= lk-1. k-2 (11f)

In (11b) and (11c), R, is the wansmission rate

and N, is level crossing rate which is given by

M= B Suexn(- ) (12)

where f, is the maximum Doppler frequency
shift. Second, p, in (5) is used for the initial state
probability. To verify that it is reasonable to use
t;, in (11) and p, in (5) as the state transition
probability and the initial state probability
respectively, two equations should be examined. Let
V, be the initial probability vector and My be the
transition probability matrix as follows.

V=1, 01, 0k-1] (13a)
foo " low-1

Mr = oo i (13b)
tk-1,0 *° tk-1.K-1

Then two equations such as (14a) and (14b) are
satisfied.

Vi Mr =V, (14a)
Veell,1,+, 101" = 1 (14b)

So ¢, and p, can be used for Markov process

as the state transition probability and the initial state
probability respectively %, '

. SYSTEM AND CODE
DESCRIPTION

The model of an adaptive coding system is
shown in Fig.l. Data from a data source is
encoded, intetleaved and modulated at the
transmitter. Coherent BPSK is used as a modulation
scheme. At the receiver, the channel state estimator
(CSE) determines a cumrent channel state by
estimating a received SNR. The channel state
predictor decides a next channel state by predicting
a received SNR of the next packet and the code
ratc for next packet is determined based on this,
which is sent to the encoder at the transmitter via a
return channel. It is assumed that there is no delay
in the return channel.

For the simplicity of the encoder and decoder, a
punctured convolutional code is used as a coding
scheme because it does not require to change their
basic structure during code rate transition. When a
1/n convolutional code is punctured with period P,
a code rate of punctured code is given by [10,11]

-k 09

Transmitter

Sgage Enoodej—» Inteﬂeﬂ—bﬁodulatorl
7 1
B
Channel Channel

[ Channat
: !
y

Sta
Estimator
Demwulat;l

<—| Dainterieaver|

Receiver

Channel
Predigtior |

Data
Sink

Fig. 1 Adaptive coding system.

where [ is the number of redundant bits during
puncturing period, which is in the range of
(1, (n—1PI

Fig2 shows an encoder of a punctured
convolutional code of code rate 2/3, =2=3,
P=4,1=2, whose parent code i a (3,1,6)
convolutional code. Its puncturing pattern in a
matrix form is given by
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(=Kl

1111
Q= [1 10] (16)
0000

When a code with fixed code rate is used, the
first error event probability Pz, in state s, is
given by [3-4,8]

Pg, < dg’madpd,k (17a)

where dj.. is the free distance of a punctured
convolutional code, g, is the number of paths at
distance 4 from a correct path, and P,, is the
probability that a wrong path at distance 4 from a
correct path is selected in state s,, which is called
as pairwise probability. For the case of fixed code
rate, the bit error probability P, in state s, is
given by

Ppy= ‘,Ld_gchbdpa,k (17b)

where b, is the total number of nonzero
information bits on all paths at distance 4 from a
correct path and 7 is the number of information bits
in a code symbol.

The value of pairwise probability depends on
channel type, modulation scheme and decision
scheme. When a hard decision is applied at the
decoder, pairwise probability in state s, is given by
[3-4,8]

'gi(‘:)e,’,(l—e,,)d_', d odd
2) Dd/Z(l_p)dIZ (18&)

Piy = ‘ l(d‘/i
+ _il;ﬂ(i) e;(1—ep)?"", d even

(-1

bk ‘omm o| b

@)~}

Fig. 2 Encoder of a punctured convolutional code.
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where e, is crossover probability at state s,.
When a soft decision is applied at the decoder,
pairwise probability in state s, is given by [8]

1 E, ,
a5 mé .
Pyys %(1+2 L %e.r) " exp|— —Te | (18b)

E
1425 gl

where
mar = Ela
and
dty = El(ay—m. "]

By transforming a random vatiable ¢ to y using
(1), (18b) becomes as following.

-1

Pus LA+AERI-EW7 D) © (19)
exp(_ dE' [V, ] )
I+AEl7]-EVn D

V. SYSTEM ANALYSIS

As stated at section [ll, a current channel state is
determined by a received SNR of the current packet
and next chanmel state is decided by predicting
received SNR based on current value. According to
the predicted state, the code rate for transmission of
next data packet is determined.

Let §, be a predicted state for time n and 7,
be the predicted received SNR for time n. As it is
assumed that channel varation is slow, when S, ,
actual channel state at time n, i8 s, 7,.; iS in the
range of [as-,, ap+y). When 7., is in the range

(@1, @)y 8,+1 is decided as s, . When 7,
is in the range [a+,, @yp), then 8, is decided
as sy.,. When 7%,., is in the other range, 3.,
is decided as s,.

In the adaptive coding system based on a received
SNR, there are four types of prediction errors: types
I, I, M and IV. Assume that the current channel
state is s,. In the prediction error of type I, the
receiver predicts the next state as s,,, while the
actual next state is s,. In the prediction error of
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type II, the receiver predicts the next state as s,_;
while the actual next state is s5;. In the prediction
error of type I, the receiver predicts the next state
as s, while the actual next state is s;,;. In the
prediction error of type IV, the receiver predicts the
next state as s, while the actual next state is s5,_;.
In state s5,, only the prediction errors of type 1
and type I are possible. In state sx.,, only the
prediction errors of type II and type IV are
possible. In the other states, all the types of
prediction etrors are possible, These four types of
prediction errors are given by (20a), (20b), (20c)
and (20d), and are also appeared in Fig.3. In these
equations, the notation T2 is used where T
denotes the ermor type and ¢, b, ¢ denotes the
current state, the actual next state, the predicted next
state respectively.

—* ; actual transition
-------- + ; predicted transition

Fig. 3 Types of prediction errors,

type I: ﬂi."in

=Pr"" Sp1= 81, Snt1=5k | Sa=si

wn

= Pr*" au 1< Vosy @rez"" " trs
k=0,1,-, K-2, (20a)
type I: (%,

an

= P Soii=simy Seri=5 | Sa=s
= Pr'" ap-1< Yus1 <@ s »
k=1,2,, K—1. (20b)

. ]
type M:  131s
= Pr'” Sn+1=5k- Spr1=sp41 | Sy=15;

_ wn -~ wn
= Pr*"ayS rpe1 Care1r” " thaty >

k=0,1, -, K-2, (20¢)

. B
type Vi wie
= Pr"" San1=8%, Spr1=si1 | Sa=s

= Pr*" @< Vnuy Sy tha-1 »

k=1,2,, K-1. (20d)

In the adaptive coding system, the prediction
errors in a matrix form are given by

Ago = Aok-p
A= i ; 21
Aww-po A ®-p.&-p

where A, is probability that the adaptive
coding system presumes that channel is in state s;
while channel is actually in state s,. Since it is
assumed that a transition in each state is possible
only to one of adjacent states, the value of A, is

given by
Ajpr =0, VIi—kD1, (22a)
Agena = Bl + Wil (22b)
Agopr = 050 + uih (22c)
and
App = 1-[Age + Au-nal (22d)

It is z;,, bit error probability of the adaptive
coding system that is calculated first, which is the
probability when state s; is predicted as the next
channel state while the actual next state is in state
sy When gx,, is computed, chamnel parameters
related to s, are used and code parameters related
to state s; are used. The matrix 7 whose elements
are z;, is given by

Moo 7T Mo(k-1)
o= ; : . (23)
T(R-1,0 **

T (K—1),(K-1)

Similarly, &,, is calculated, which is throughput
of the adaptive coding system when state s; is
predicted as the next channel state while the actual
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next state is in state s,. The matrix H whose

clements are [,, is given by

?0,0 §0,(K—1)
H = : H . 24

k-0 - C-nk-n

Using (21), (22) and (24), the bit error probability
of the adaptive coding system in state s, is given
by

Lo = z”i,kAi,k (25a)

and the throughput of the adaptive coding system in
state s, is given by

"= ”S;;i,kAi.k- (25b)

Using (25a), the average bit error probability of
the adaptive coding system is given by

Py, = gpkpb,k (26a)

and using (25b), the average throughput of the
adaptive coding system is given by

Ta = gﬁn Tk (26b)

V. NUMERICAL RESULT

In this section, first, numerical results of
performance are shown for the adaptive coding
system that operates according to a received SNR,
the measures of which are the average bit eror
probability and the average throughput of the
adaptive coding system. They are computed using
the method explained in section IV. Second, it is
examined what effect the threshold used to
demarcate channel state has on the performance of
the adaptive coding system. Finally, numerical result
is shown about the relation between the performance
and the normalized Doppler frequency which imply
the relative speed of channel variation.
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The adaptive coding system considered in this
paper uses punctured convolutional codes as a
variable rate. coding scheme. The parent code of
them is (3,1,6) convolutional code. It is known that
the number of states for experimental channels is
varied from 2 to 4 ®, In this section, a Rayleigh
fading channel is considered as three staic Markov
channel model, and the maximum Doppler
frequency is s, = 30 Hz, which environment
cotresponds that vehicular speed is 40 km/k and
catrier frequency is 800 MHz. Transmission rate is
R, = 20 kbps. The used code rates are 1/3, 1/2, 2/3
for the state s,, s and s, respectively.

1. Performance of the adaptive cod-

ing system.

The thresholds to demarcate the channel states are
decided to get optimum performance by trial and
error. In this section, the thresholds used for the
Markov channel model are g, = 6.54B and 4, =

8.54B.

Fig.4 shows the average bit error probability of
the adaptive coding system and bit error
probabilities of all the codes used in the nonadaptive
coding system. Fig.5 shows the average throughput
of the adaptive coding system and the code rates of
all the codes used in the nonadaptive coding system.
In Fig4, the average bit error probability of the
adaptive coding system is lower than that of the
code with code rate 1/2 over all the range of a
received SNR and in Fig.5, the average throughput,
of the adaptive coding system is increased with a
received SNR and is equal to that of the code with
code rate 1/2 at 9 dB of received SNR. When a
received SNR is larger than 9 4B, the adaptive
coding system achieves the lower average bit error
probability and the larger throughput than those of
the code with code rate 1/2. For example, when a
received SNR is smaller than 12 4B, the adaptive
coding system has throughput improvements of
13% and achieves the lower average bit error
probability by 10 times compared to the code with
code rate 1/2. Where a received SNR is smaller than
9'dB, though the adaptive coding system attains the
smaller throughput compared to the code with code
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o, mB5dB
4, =634B

ry § & 10 iz 14 18
received SNR [dB]

a: code rate= 273, ¢ adaptlve coding sys.
b: code rate= 1/2.  d: code rate= 1/3,

Fig. 4 The average bit emor probability of the
adaptive coding system.

S | T PO, i |

a, mB548
o, =65dB

average throughpul

4 [] [} 10 12 14 16
received SNR [dB]

a: code ratem 2/3. ¢ adaptive coding sys.
b: code rate= 1/2.  d: code rate= 1/3,

Fig. b The average throughput of the adaptive coding
system.

rate 1/2, that achieves still lower bit error pfobability
by 100 times compared to this. Also, compared to
the code with code rate 1/3, the adaptive coding
system attains the larger throughput maintaining the
proper bit error probability.

2. The effect of threshold,

Fig.6 and Fig.7 show the effect of threshold &,
on the average bit error probability and the average
throughput respectively, where the other threshold
ay is fixed at 8.5 dB. From those, it is known that
the average bit error probability is decreased with
the value of 4; and the average throughput is also
decreased with the value of g, . This is explained as
follows. When «, is increased with o, fixed, the

range [a,, @,) is increased, and so increased is the
number of times using the code assigned at that
state, code rate of which is lowest of all the used
codes. By this, the effect stated before is caused.

4 [] 8 10 12 14 16
received SNR [dB]

Bia, =60d4B g, =T0dE

: a, a8.0dB
bia =65d8  d:a,=75d8

3

Fig. 6 Effect of threshold C, on the average bit error
probability of the adaptive coding system.

To get an optimum threshold, with which the
adaptive coding system achieves maximum
throughput maintaining a specified average bit error
probability, needed is the figures that are drawn
about the average bit error probability versus g,
and average throughput versus g, for a specific
received SNR such as Fig.8 and Fig.9. If a system
requires 10~® average bit error probability at 10 4B
of a received SNR, from ‘c2’ in Fig.8 it is known
that the threshold ., which satisfies the requirement

0.70
0.65}
0.60

B ossl
3 050
E)

2 4 ] ] 10 12 14 16
received SNR [dB]

g, =60d8 ta =70dB

o a,=8.04B
b:ia,=65d8 d:a,=754B

Fig. 7 Effect of threshold C, on the average
throughput of the adaptive coding system,

1277

www.dbpia.co.kr



=341 82 =24 '00-7 Vol25 No.7B

is 6.6 dB, With this threshold, the adaptive coding
system achieves average throughput of 0.52, That is,
when thresholds g, ¢, are 6648 and 8.54B
respectively, with respect to the code with code rate
1/2, the adaptive coding gain is 74B and
throughput gain is 4%. At this way, the optimum
thresholds are attained.

10

a, a8548

7
a,[dB]

a1: SNRw7.0dB, a2: SNA=7,00E, a3; adap, 0oding sys., SNAa7.0dB,
b1: SNAwS.04B. b2: $NAmB.0UB, ba: adup, coding wys., BNA=8.0dB,
c1: SNA~10.0dB, ¢2: adap. coding sys, SNA=10.0dB,
@1: $NAr11.0dB, d2; adap, ooding sys., SNA=11,0dB,

Fig. 8 Relation between the average bit error
probability of adaptive coding system and

threshold C,.
070 L ]
a, =8548

0.65[ R=2/3
e OBO ettt ]
a A= 1/2
2 ossk d /8
8 — ¥
Eosl Y T e
@
g Mﬂ —_
<o

a

& 040 e i

0.35| R=1/a

080 e ]

6.5 7 7.5
@, [dB]
a: SNAw 7.0d6.
b: SNR= B.0dB

c: SNR=10.0dB
d: 5NAw11,0d6

Fig. 9 Relation between the average throughput of
adaptive coding system and threshold C;.

3. The effect of normalized Doppler

frequency.

Fig.10 and Fig.ll show the effect of the
nommalized Doppler frequency on the average bit
error probability and the average throughput of the
adaptive coding systemn respectively. The normalized

1278

Doppler frequency is f,T, where £, is maximum
Doppler frequency and 7T is the symbol duration
which is inverse of the transmission rate R,. This
value indicate the relative speed of the channel
vatiation to the transmission rate. Generally, a
channel is considered as fast fading when 7,7 is
larger than 0.01.

Fig.10 shows that the average bit error probability
of the adaptive coding system is increased with the
notmalized Doppler frequency, and Fig.11 shows
that the average throughput of the adaptive coding
system is nearly constant with respect to the
normalized Doppler frequency. This is explained as
follows. The larger £, T is, the faster the variation
of channel is. The faster the channel variation is, the
more difficult it is to follow the variation of a
channel and so the lower is the precision of channel
prediction. By this, the average bit error probability
of the adaptive coding system is increased with
fuT. Furthermore, from the fact that the average
throughput is nearly constant with £, 7 in Fig.11, it
is more fatal to use a code with higher code rate in
the bad channel state than to use a code with lower
code rate in the good channel state,

r ] 0 12 14 16
received SNR [dB]

B f.T=10x107 e f.T=15x10"

" ox1o-  ESaT =30x107
b:f.T = 1.0x10 d:f T m60x1

Fig. 10 Effect of the normalized maximum Doppler
frequency on the average bit error probability .
of adaptive coding system.

Fig.12 and Fig.13 show the average bit error
probability and the average throughput of the
adaptive coding system versus f£,7 for a specific

received SNR. In Fig.12, the degradation of the
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0.70
065[ R=2/3
0.60
0.65}
0.50}———

0.45F

avarage throughput

0.40

0.36

0.30F

4 ] B 0 1z 14 18
received SNR [dB)

af,T=10x107 @ f,T=15x10"

" cOx10- o f,T =30x10"
bifT =30x10 d: f T =60%

Fig. 11 Effect of the normalized maximum Doppler
frequency on the average throughput of
adaptive couing system.

81: NA=7.0dB, a2: SNA=7.0dB, a3: adap. coding bys., SNA7.008,
b1: SNR=8.0dB, b2; SNA=A.0¢B, bd: adap. coding ays., SNR=8.0dB.
&1: SNA=10.0dB, ¢2: adap. coding ayd., SNA=10.0dB,
d1: 3NR=11.0dB, d2: adap. coding eys, SNA=11.0dB.

Fig. 12 Relation between the average bit emor
probability of adaptive coding system and the
normalized maximum Doppler frequency.
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Fig. 13 Relation between the average throughput of
adaptive coding system and the normalized
maximum Doppler frequency.

average bit error probability is severe when 7,7 is
in the range of [107%, 107!], which is due to the
reason stated above. Fig.13 shows that the average
throughput converges to 0.5 with larger f£,7T.

VI. CONCLUSION

In this paper, an adaptive coding system has been
analyzed over a Rayleigh fading channel, which
operates based on a received SNR. This system uses
punctured convolutional codes as a coding scheme,
which are simple to change code rates. For the
analysis, a Rayleigh fading channel is modeled into
a finite state Markov channel model. The criterion
for demarcating channel state is a received SNR,
and the value of a received SNR is divided into a
finite number of intervals, each of which represents
a state of Markov channel model. In each state, the
probability density function was defined and then
the statistics of that state were calculated.
Considering types of errors in the prediction process,
the average bit error probability and the average
throughput of an adaptive coding system have been
calculated.

Numerical results have shown that an adaptive
coding system has improvement compared to
nonadaptive coding systemm when the average bit
error probability and the average throughput are
considered at the same time as performance
measures. Specially, in the range of high SNR, the
adaptive coding system achieves the larger
throughput compared to the code with code rate 1/2
while an adaptive coding system maintains still
lower bit error probability. Examined was the effect
of threshold on the performance of the adaptive
coding system, and the method to obtain the
optimum threshold was also shown. Changing the
value of threshold to use a code with lower code
rate more often, the average bit error probability of
the adaptive coding systemn became lower to be able
to satisfy the requirement of a system while the
average throughput became a little smaller. With
optimum threshold, the adaptive coding system has
the adaptive coding gain and throughput gain at the
same time. Finally, the effect of the nommalized
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Doppler frequency was examined. When the channel
variation is faster, the precision of the channel
prediction is lower and so the average bit ermor
probability is larger. By this reason, it is found that
the adaptive coding system is proper when £,T is
lower than 10°°%.

In this paper, there was no consideration about the
estimation errors and processing delay. If more
consideration about these in addition to what were
considered in this paper is included, the analysis will
be more realistic.
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