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Rate control for real time media based on predictive wireless channel

condition
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ABSTRACT (keywords: channel model,
ARQ, channel prediction): A two-state
Markov chain is used to model the
fading channel. In this model, good state
indicates correct transmission and bad
state indicates bit error. The transition
probability of the two-state model is
derived as a function of the channel
condition such as Doppler frequency,
average SNR and symbol timing. The
purpose of the state model to represent
the current channel condition is that the
future channel condition can be
predicted from the transition matrix.
Based on this model, the future channel
condition and bit error rate can be
predicted and the amount of ARQ can be
pre-determined. This amount of ARQ is
thus subtracted from the pre-allocated
target bit for rea time media to
pre-compensate for future
re-transmission.
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Most of the error in transmission
fading The
current wireless system employs

1s due to channel

ARQ protocol to deal with erroneous
This kind of
will increase the
transmission burden and pose a

packets. error

concealment

problem for real time media data.
The direct consequence is that the
effective buffer output rate will
decrease due to the retransmission.
To prevent overflow, one of the
method
coding rate according to the buffer
The buffer fullness

reflects the channel

1s to adapt the source

condition.
condition
prior to the current encoding
moment. With such a strategy, the
current coding rate will be a
function of the amount of ARQ that

was issued before. However, if the

channel condition can be predicted
in advance such that during the
source coding period the
transmission error rate can be
estimated, the source coding rate

can be accordingly adapted such
that ARQ will not

buffer fullness to prevent future

increase the

buffer overflow and frame skip.
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To achieve this goal, a strategy
that further reduces the bit rate
allocated for each frame to be
coded according to the channel
prediction is proposed. This 1is
used to pre-compensate the amount

of future possible ARQ

retransmission.

In the original model, the buffer update
ruleisasfollows:

W= maX(VMJrev'f' Bprev - R/ F,O)
if W>M, M the threshold, the next frame
would be skipped. Otherwise, the frame
target for the next encoding frameis
i WIF W>zZM
B, =RI F- D,whereD = ,
! iW- ZM ,otherwise
by default, M=R/F, Z=0.1, we can see
that D is used for buffer fullness
adjustment. In the following, we discuss
how the channel prediction is performed

to further modify B, with a two-state
channel model.
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The main point is to predict the possible
number of error packet and subtract it
from the current frame target bit rate B, .

We use a simplified Gilbert channel [2]
for channel prediction. This model
describes burst-noise using a Markov
chain with two states G and B. In state G,
transmission is error-free. In state B, the
channel has only probability h of
transmitting a digit correctly. Because
we use simplified Gilbert channel, we
set the parameter h as 0. To simulate
burst noise, the states B and G must tend
to persist; i.e., the transition probabilities
b=Prob(G ->B) and g=Prob(B ->G) will
be small and the probabilities 1-b, 1-g of
remaining in G and B will be large. Fig.
1 isadiagram for the Markov chain.

the state probabilities at time k can be

derived from the state probabilities at
time ¢t recursively by

Pk = PRl 7= po | state(t,) = G)* TR6 = (1, g 7K
The average number of time units the
channel isin good state and bad state are

denoted as T(G) and T(B) and are
E,irespectively, 1 isalso caled as
b g g

the mean burst error length or average
fade duration. The stationary distribution
of good state and bad state is

P¥ =GR, Ry= S/(b+ 9). bi(g+ by
e u

P, is the average bit error rate. To
predict the future channel throughput,
we use the average probability in Good
state in the next k-packet interval. We
define the average probability of Good
state in the next k-packet intervals as
avg{ P(t| state(t,)) = state)} and it is the
average of the following equation

avg{ P(t| state(t,) = state)} = %

k
& P, (t|state(t,) = state), n=0,1,2,
t=1

The term (1- ave{ A(t | stat(t,) = G)}) is
the average bad state probability.
Multiplied by the channel throughput,
the prediction of the error bits at time £,

is obtained

Bit,y = % *(1-avg{ P(k|state(t )=state)}),

statel {G,B}
The error bits are subtracted from the
previous B;. That is B;=B;-kBit, .

The goa is to maximize B;, thus it is

desirable that the transmission rate R is
as high as possible and the error rate is
as low as possible. In this paper, we am
a the establishment of the relationship
between the GE model and the Raileigh
channel distribution for the purpose of



channel prediction..

To derive the transition probability b and
g, we assume the received envelope
a =|r| as Rayleigh distribution, i.e.,

f(a)=%6a2’252 where s? s
variance of Gaussian random process,
the received SNR is g=a’E,/ N,, its

PDF is exponent distribution, i.e.,

£(9) :%e‘glg, 9>=0 where

g = Ea®]E,I N, isthe average SNR of
the received signal and E[a”] is the
average value of a’. Since the GE
channel consists of two states, we let g,
be the thresholds of the received SNR,
where the channel will change state. We
can calculate the stationary probabilities
of the GE channel in its respective states

by finding the fraction of time the
Rayleigh fading channel is below and

above g respectively. Thus
91 _grg -g,/g 2
_ 1 -glg,  _ 9¢g _ . -r
= 3= = =
P¥(B) =e?'Jdg=1-e l-e
09
similarly, we have
¥1 _g/o r2
P¥(G): oieg/gdg:er where
9t

ré= g;/g. Another related parameters

are the Level Crossing Rate(LCR) and
Average Fade Duration(AFD). From [3]

and [4],
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LR,ZOT :8gp(R&d@F@fDre'r
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the transition probability can be derived
as, g:rf% SVap , b=rf,Tev2p
r

e -1

where fD:/E iIs the Doppler

frequency, and Tg
duration.

is the symbol

Fig. 2 shows an example of packet error
in a typica wireless channel for 160
frames. These error packets will cause
retransmission, Without ARQ, the buffer
fullness will not be affected. With ARQ,
the effective throughput is reduced. Fig.
3 shows the buffer fullness condition
when ARQ is used. When the buffer
fullness is above a certain threshold,
frame skip happens. With the above
mentioned channel  prediction and
adaptive frame layer bit alocation, the
improvement is shown in Fig.4.

The man point is to use a two-state
Markov model to represent the current
channel condition. The transition matrix
is a close approximation of the channel
memory. From the transition matrix, we
estimate the future bit error rate and the
possible retransmission amount. This is
equivalent to the future channel
prediction. From the predicted amount
of ARQ, we subtracted it from the
pre-alocated target bit in rea time
media coding. This is to leave room for
the future possible bit error and ARQ
such that the retransmission ARQ will
not cause transmitter buffer overflow.
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Fig.1 two state channel model
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Fig 2.transmission error distribution
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Fig 4 transmission with prediction
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