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Abstract

This paper suggests a new data link protocol with an adaptive frame length control scheme for wireless data networks
which is subject to errors that occur with time variance. We analyze the proposed scheme under a two-state markov
block interference(BI) model. Numerical results show that the proposed scheme can achieve high throughput performance

for both dense and diffuse burst noise channels.
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I. Introduction

In a wireless network, mobile stations experience
reflection, diffraction and scattering, which cause
burst errors to occur frequently. Therefore, in order
to provide reliable transmission of packet data in
such an environment, an efficient data link protocol is
required, even though slight service delays could
-

wireless channel noise have been investigated

Error recovery schemes to cope with

extensively. Conventional error recovery methods are
based repeat  request(ARQ)
re-transmission  schemes. Other approaches are

on automatic
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related to the hybrid ARQ(HARQ), in which an
automatic repeat request scheme is combined with
forward error controlFEC)®™®. In the ARQ and
HARQ schemes, a fixed frame length is usually used,
which is designed with the worst channel condition
and the overhead required per frame in mind. The
data link protocol designer chooses a frame length
that is small enough to transmit information when
the error status is the worst. So, when channel
conditions are good, the previously fixed frame length
would be relatively small, because larger frames
could be transmitted without error, By contrast, in
burst error channels, a longer frame is more easily
contaminated by fading than a shorter one, resulting
in the inefficient use of channel capacity. If the frame
length could be chosen adaptively in response fo the
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dynamically varying wireless data channel, maximum
throughput could be achieved under both noisy and
non—noisy error conditions.

Recent research” ™ has demonstrated that
adaptation of packet length can improve the
throughput performance under widely varying channel
of communication.  Chien
established that with an adaptive frame length control
with error control, processing gain and equalization

conditions wireless

would be applied to the radio system’s energy
savingsm. Choi considered a class of adaptive
error-control schemes in the data link layer for
reliable communication over wireless links in which
the error-control code and the frame length are
chosen adaptively, based on the estimated channel
state/condition'®. By contrast, Ci proposed an optimal
frame size predictor, taking into account collisions
and frame errors®® 4. Vitsas derived simple equations
for optimum values of window size and frame length
for maximum link layer throughput as a function of
BER at Infrared Data Association(lrDA) link
access™”! However, these approaches usually adjust
the frame length in response to feedback information,
such as bit error rate(BER) or frame error rate(FER)
from the radio receiver at the destination. The BER
is an important measurement of wireless channel, but
BER alone could not reflect well the influence of the
wireless channel burstiness. For better performance,
we need more information from the receiver to reflect
the channel burstiness well, since burstiness can vary
under the same average BER. We use the duty cycle
of noisy bursts as a parameter to represent the
chamnel burstiness. In this paper, we propose an
adaptive frame length control scheme for the data
link layer that will reduce the burst error effect and
improve performance over wireless networks.

II. Noisy Channel Model

1. Markov Channel Model
We model the wireless data channel as a two-state

Markov process. This traditional Gilbert error
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modelling approach is not identical to a real wireless
error channel, but it has the advantages of simplicity
and manageability'™ ©.

In a two-state Markov model, the states are
classified as GOOD and BAD, which have Bg and
B, BER respectively, and B, > Bg. The BAD state
is a channel situation in which it is difficult to
receive the packet frames properly, and B, and Bg
values depend on the channel environments. We
assume that the state transitions occur with
probabilities p,, and p,, respectively, whenever each
bit is transmitted, as shown in Fig. 1. For the
Markov channel model, the average burst length is
the expected value of the random variable X, where
P(X = n) is the probability of staying in the BAD
state for exactly n time bits.

Thus, we have

PX=n)=00-p)" 'p1g e);

Also, the average burst length NV, (average duration
of the bad state) is given by

N, = inP(X=n)

n=1

= P Z"(l‘fplo)n_l

n=1
= Pio™5"
pfo

1

Pio

2

The average duration of the GOOD state, G, is
derived identically, since the model is symmetrical
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and (1-py,) for state 0 is equivalent to (1-p,,) for
state 1. Therefore,

G-t

P Q)

Then, from (2) and (3)the average BER is
described as follows.

_ GB,+N,B,
av T Gb+]vb

- P01Bq+PmBn
Port Pro

4)

And, the duty cycle of the noisy bursts which is
the probability of being in the BAD state, P, is
given by

N,
T N+G,
. Por
B Po1 + P1o

Pdc
®

An alternate form for P, can be obtained as

follows

Poa (Bn - Bq)

*" oy +p0)(B, - Bq)
_ B,— B,

" B,— B,

P,

6

Four parameters, N,, B,,, Py, and B,/B, decide
the two-state channel model. Here, B,/B,/(=v)
denotes the high-to-low BER ratio.

2. Two—state Block Interference(Bl) Model

Of the four parameters, three parameters, N, P,
and v characterize the burstiness of the channel,
with p,; and p,; describing the time variation of the
channel behavior, In this paper, we use the approach
proposed by Lugand et al® as a burst noise model.
We will reduce the number of degrees of freedom by
proposing a model for the noise bursts that can be
dense(low duty cycle P, and high intensity, ie.,
large high-to-low BER ratio ) or diffuse(large duty
cycle and low intensity).
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Now the burst channel model is completely
described by B,,, P, and N,. In particular, when
P, = py; = 1- py, this channel model becomes the
two-state block interference(BI) channel model
proposed by McEliece and Stark™. The BI model is
completely determined by P, and B,,. So, we
assume that the wireless channel is modelled by a
two state Markov BI model In this model, the
burstiness is determined by the proper value of P,
The higher the value of P,, the less burstiness

occurs.

II. Numerical Analysis of the proposed
adaptive algorithm '

Considering the error status of the wireless
channel, the frame length of the data link layer is
usually decided when the service connection is
established. But, during the service penod, the status
of the wireless data channel varies dramatically. So,
optimum throughput is not obtained with fixed frame
length. In order to reduce the number of
re-transmissions and conserve channel rééoﬁrces, an
adaptive frame length control scheme is required

1. FER

From the Markov model shown in Fig. 1, we can
obtain the portion of time each Markov state spends
in equilibrium, as follows \

~ Po1
Dio

Pos ] @

P xal= [N )‘2][1 1= p10

Here, the time portion of the good state(},) is pyo,
while p,, is the time portion of the bad state();). If
a frame with n bits is transmitted over the channel,
the frame error probabilities of the two Statés are
1- (1- Bg)® and 1-(1—B,)", respectivély. Sé,
the frame error rate( FER ) of the channel is
described. |
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fer(n)
=\{1-0-B)")+ 20-(1-8,)")

= (1—Pdc)(1—(1—B(dec)n) (8)

av

+ P (1—(1— B

+(1-P,)B

o))

As shown in (8), the FER depends on the average
BER(B,,), the duty cycle of noisy bursts(P,,) and
the frame length transmitted {(n).

2. Numerical Analysis
the between the
throughput and the channel model parameters (B,,

Formulating relationship
P,), we use the following definitions. Let the total
amount of information to be transmitted be N bits
and the frame length be n bits, while the header
length of each frame is A bits. The transmitter sends
the data at a transmission rate of A/ bps. The
propagation delay of the wireless channel is assumed
to be t, seconds. Then, the number of frames to be

transmitted is -%f— and each frame has n+ h bits. If

we let .S be the number of missing frames when N
frames are transmitted over the channel, the random
variable K has a binomial distribution. Then, the

probability of missing k frames when % frames are

transmitted, P[S= s]
fer(n) )

is described with FER(=
which is given by (&)

N

g ELAN
n ){er(n)s (1-fer(n)™ )
k

P[S=s}=[ 9

The number of average missing frames is derived
from the expectation of random variable K. Since the

number of transmitted frames is and the
probability of frame error is fer(n) the expectation
of § Elk] is given by

N

E[s]= ;fer(n) (10)

Here, £|s] means the average number of frames
contaminated during the transmission over the
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channel. So, we need to re-transmit s frames that
were not received properly. And we know that s
frames should be re-transmitted again if s frames
out of the re-transmitted s frames were also
destroyed during the re-transmission. If we let the
total elapsed time caused by all re-transmissions be

T., then 7. is given by

_ N(n+h) fer(n)
L= Mn  1— fer(n) 1D
We let T} be the absolute time needed to transmit
N N n+h
- frames. Then, T} =t,+ P Y Hence, the
total transmission time (7, = 7;+ 7, ) of N data
bits when the frame length is mn, including
re-transmission, is given by
_ N(n+h) 1
L=t+ Mn 1—fer(n) (12)
If we define the throughput as
databits received .
total elapsed time '’ the  throughput (o) s
formulated as
g = N
b+ N(n+h) (13)

Mn(1— fer(n))

From (13), we know that the throughput depends
on the FER, frame length and header length. And,
the FER depends on three parameters: frame length,
average bit error rate, and the duty cycle of noisy
bursts, as shown in the previous subsection. The
optimum frame length can be calculated analytically
under the wireless error channel determined by B,,
and P, since we can obtain the frame length that

maximizes the throughput performance. Fig. 2 shows
the relation between the optimum frame length and
the average BER when the duty cycle of noisy
bursts (P,,) is 0.25. When the BER is low, the
optimum frame length is large. By contrast, the
optimumn frame length becomes small when the BER
is high.
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IV. Results and Discussion

We assume that the burstiness of the wireless
channel is diffuse(iarge duty cycle and low intensity),
or dense(low duty cycle and high intensity). These
terms were first introduced by Massey 2. Firstly,
~fixed length frames from 10ms to 60ms with 3ms
header are transmitted through diffuse and dense
channels with different average BERs. In addition,
frames with adaptively controlled length are delivered
under the same channel conditions in order to
compare previous schemes with the proposed scheme.
The optimum frame length at the transmitter is

—0— frame length = 10ms
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Fig. 3. Throughput vs. BER when P, = 0.25.
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Fig. 4. Throughput vs. BER when P, = 0.05.

calculated analytically to maximize the throughput for
given error environments (P,,, B,,).

Fig. 3 shows the throughput performance versus
the average bit error rate when a noisy burst has a
fixed duty cycle(P,, = 025). This figure is a
graphical representation of the relationship between
throughput' and BER, described in eq.(13). When the
frame length is fixed, the
according to the average BER, whose range is from
1077 to 10”2, In the case of higher BER, we know
that a shorter frame length shows better throughput
performance. By contrast, a longer frame length
shows good performance when the channel error is
low. The 60ms frame length performs better than the
10ms frame length when the BER is 107° By
contrast, a frame length of 10ms is the optimum
when the BER is 10~ 3. However, throughout the
entire channel error variation, the adaptive frame

performance varies

control scheme operates well, and shows maximum
throughput. Fig. 4 shows that the proposed scheme
could also be applied to the dense burst error
channel.

V. Conclusions

In this paper, we have studied a data link layer
protocol with adaptive frame length. We have
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proposed a scheme that adaptively controls frame
length based on the error status of a wireless data
channel. We modelled the wireless data channel as a
two-state Markov block interference model. We
analyzed numerically the proposed frame length
control scheme for both noisy and non-noisy error
environments. We found that better performance
could be achieved by using the newly proposed
scheme, compared with a scheme using a fixed frame
length.
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