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B. Analysis of Log Likelihood Ratio (LLR) of Systematic Convolutional Codes
(in AWGN, Rate (1/n0)  Feed Back or Recursive Systematic - RSC type)

Trellis Diagram:
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The definition for states would be not very much useful here, as both information
bits (+1, -1) would reach the same state. Therefore by specifying state only the
information bit cannot be uniquely identified. We can therefore use the summation
of branch transitions (corresponding to it =+1 and it=-1 respectively) to get the APP
of information bits. This is equivalent to using the summation of σ’s.

Thus if we define (as before):
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Let Bt
(j) be the set of transitions St-1=m′ to St = m such that the jth input digit it(j) on

that transition is 1. Bt
(j) is independent of t for time invariant codes. Then,

Pr { it(j) =1 ; Y1
τ } = ∑
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Which can be normalized to give Pr{ it(j) =1 |Y1
τ}.

σt(m′,m) = αt-1 (m′) . γt(m′,m) . βt(m)

Therefore,
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The above breaks down as before with the additional term of the a priori
probabilities provided we don’t assume them to be equally likely,
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• Note

In our earlier equations we have used pt(m′| m) = ½ due to the equally likely input
probabilities. Now we denote this by pI(it), (in the sense p(it = -1) or p(it = 1)
associated) with γt(m′,m).
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)1(
)1(

−=
+=

tI

tI
ip
ip

Log

Thus we’ll get our equations for α,β modified by pI(it = -1) , pI(it = 1)  and LLR by
LI(i).

This LI(i) is usually referred to as a priori information.

Using log-likelihoods, the a priori probability pI(it) can be expressed as ,i.e., using

LI(It),
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Log pI(it=±1) = Log At + LI(it).it/2

The terms At are equal for all transition from (m′,m) at time t and hence will cancel
in the LLR ratio. We can therefore neglect the At term.

Assuming a channel with

yt = a.xt + n where n is AWGN and a is a constant.

γt(m′,m) = p(yt| it). p(it)

The conditional probability for a convolutional code can be written as,
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Lc is a channel dependent constant. The summation in the above equation is only
over non-punctured coded bits.

At and Bt are equal for all transitions from t to t+1.

Hence effectively the branch transition γt(m′,m) reduces to the expression,
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OR ),'( mmtγ  effectively,
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The above equation for γt(m′,m)  can be written as
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The extrinsic information can be denoted in a similar manner by Le(i) and the
systematic information by Lsys(i).

Therefore,

LLR or Lapp(it) = Lsys(it) + LI(it) + Le(it)
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C. Analysis of Log Likelihood Ratio (LLR) of Coded bits in Convolutional
Codes

The objective is to determine the APP of the encoder output digits,

i.e., Pr{ xt
(j) =1 |Y1

τ}.

As defined earlier, let Bt
(j) be the set of transitions St-1=m′ to St = m such that the jth

output digit xt
(j) on that transition is 1. Bt

(j) is independent of t for time invariant
codes. Then,
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Which can be normalized to give Pr{ xt
(j) =1 |Y1

τ}.

What we did was to use the summation of branch transitions corresponding to xt
(j)

=1 ,( or xt
(j) = -1 respectively) to get the APP of coded bits.

σt(m′,m) = αt-1 (m′) . γt(m′,m) . βt(m)

Therefore,
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• Simplification in computations

We can avoid calculating actual probabilities by using the logarithm of
probabilities and the approximation,

Log( eL1 + eL2 ) ≈ max (L1,L2). Then this algorithm works with log α, log β and
log γ and the summations in the earlier equations can be replaced by the
corresponding maximizations.

This is referred to as the “Max-Log-MAP” algorithm.

Soft-in Soft-out
(SISO)

Decoder

A priori values for all
information bits

Channel values for
all code bits

Extrinsic values for all
information bits

A posteriori values for
all information bits

Input log-likelihoods Output log-likelihoods


