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Objective

*MAP/BCJR Decoder

-can be used in communication systems (wireless,
satellite, magnetic recording, digital video,...)

-Minimizes the bit error rate of received channel information
-regenerates the original information
*Max-Log-MAP algorithm for implementation.
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Turbo Encoder

» Recursive Systematic Convolutional Codes (RSCC), two memory, code
rate 1/2.

o Parallel or Serial concatenation of (RSCC) and a pseudo random interleaver
and/or more memories.

* The encoding process represented by a state transition diagram.
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Turbo Encoder
*Expanding the state transition diagram

Zero Transition One Transition

Trellis diagram for (7,5) convolutional code
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Turbo Decoder (S1SO)

* [Important development in coding theory in recent years.

o Standard(Consultative Committee for Space Data
Systems(CCSDS), and 3" Generation Partnership Project

(3GPP) )
o Strong requirement for the efficient implementation
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Turbo Decoder

« MAP/BCJR Decoders, interleavers and deinterleavers

« BCJR algorithm for received channel sequences
 Passing information to the next decoder at each iteration
* Reduction of Bit Error Rate (BER).
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e 1948 :
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Algorithms History

Shannon[6]

. Viterbi Algorithm (VA)[6]

MAP/BCJR Algorithm[1]
Optimum Update (SOVA-SU)[7]
Max-Log-MAP[2]

Log-MAP[2]

: SOVA[T7]

Improved Max-Log-MAP [4][5]

Trellis-Based
Estimation Algorithms
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BER (Bit Error Rate)

Performance of different Turbo decoders
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*MAP and Log-MAP have
the best accuracy.

*SOVA is the worst.
*ML-MAP is in
between but it will be
Improved by iterative
decoding and using
scaling factor for APP.
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Complexity Comparison

MAP/BCJR | Max-Log-MAP | Log-MAP Sliding MAP SOVA
Owm (nz) Oc(nz) Oc(nz) Owm (6”2) Oc(o.5n2)
Os(nz) Os(nz) Os(2n2) Os(6n2) Os(0.5n2)

n: Number of states, M: Multiplications, S: Summations,
C: Comparisons

The differences of considered architecture in terms of power
consumption is not significant.

Improved ML-Map by using a scaling factor within the extrinsic

calculation.
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BCJR/MAP Algorithm

a < e B  The output of this algorithm
(soft output) gives the

probability of each received bit

of information to be one or zero
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BCJR/MAP Algorithm

7 (m',m) =" p(mm').q, (X, [m, mR(Y,, [X )R, |X,)

a,(m) = Zat—l (m).y,(m’,m)

ﬁt (ml) = Zﬂtﬂ (m)'7t+l(ml’ m)

Z?/Hl(m" m)'ﬂtﬂ(m)'at (m')
A X :| (m"m),X=1
( t+1) " Z?/Hl(m'! m)'ﬂwl(m)'at(ml)

(m',m),X=-1

 Too difficult in practice, because of the numerical representation of
probabilities,nonlinear functions and mixed multiplications and
additions of these values.
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Max-Log-Map Algorithm

« work with the logarithms of the wvalues using the following
approximation:
In(e”™ +...+e"") = _rr{llax} 2

Multipliers which make the design complex, huge and slow are changed
to adders and comparators.

2Y, X, 2Y, X,

Iny . (m', m) = + F +In AP, + K
7t( ) N, N, t

Inez, (m) = max(a , (M) +, (m', m)]

In 3, () = a3, (M) + 7, (', m)}
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Max-Log-MAP Algorithm

« Using Alpha, Beta and Gamma, Log-Likelihood Ratio (LLR) is
computed which provides soft decision.

» Soft Output makes it possible to decide if each received Bit of
Information is zero or one.

Log-Likelihood Ratio (LLR)

Ir’|‘/\t+1 = (mrm,)a‘?((zl[lnytﬂ(ml! m) + In lBtJrl(m) + Inat (mli m)]

- max_ [N, (', m)+In 5, (m)-+ Incs (', m)]
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Previous implementations

Algorithm Speed Area Accuracy
[4] ML-MAP High Medium High
[12] Log-MAP High High High
[8] SL-MAP Low Low High
Prp ML-MAP High v 4

*Speed range about
20MHz~100MHz,
needed for Iterations

*Minimum area about
7mm?

*Disadv. of [8]: Complex Control unit for synchronization of decoding steps
*Decreasing the memory size and increasing the accuracy in ML-MAP the

lowest-complexity algorithm.
*Using the parallel calculation and LUTSs, High speed
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Proposed System Specification

» Encoder: Recursive Systematic Convolutional (RSC)
e Channel: Additive White Gaussian Noise (AWGN)

o Considered Modulation: Binary Phase Shift Keying
(BPSK), which maps 1 to 1 and 0 to -1.

e  Number Of Memories: 2.
e (Code Rate: R=1/2
* Block size: Flexible to the block size

17
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Proposed System Design

1. Gamma and Alpha are calculated together and stored in RAM .
2. Beta and Landau are also calculated in parallel to give the soft output
3. Faster, less memory and reduced area
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Proposed Gamma Unit

Logarithm of Gamma

2Y, X, 2Y, X,
Iny (m',m) = — + —° +In AP, + K
Yt N N t
0 0

No sensitivity of Max-Log-MAP algorithm to the variance of the noise
Eight nonzero Gammas but four different values.

Ny, oo (M, M)=(=Y, =Y, )+InAR(-1)
Iny, o (M, m)=(=Y, +Y, )+InAR(-1)
Iy, o (M, m)=(+Y, =Y, )+InAR (+1)
Iny, (M m)=(+Y, +Y, )+InAR (+1)
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Proposed Gamma Unit
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Yd (systematic data) and Y's (Parity data) are added/subtracted.

20



E; RESEARCH CENTRE FOR INTEGRATED MICROSYSTEMS

Alpha Calculation Unit

Yt (00, 01, 10,11)
>

In each Block Alpha is
calculated using proper
Gamma and previous
calculated Alphas.

*Beta Calculation Unit
«Soft outputs

Alpha recursion Alpha: t+1

Alpha: t

State 0

Alpha 3

Alpha2 I To Memory .

Alpha 2

State 2

Alpha 0

Alpha 1

State 3 Alpha 3

Alpha 2
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Proposed quantization

e Quantization of input,Gamma, Alpha,Beta,Output and...
e Decreasing the number of bits->Lower accuracy
 Increasing->Larger memories for storage

e Crucial choosing

« Minimum quantization that still gives a reliable BER based
on simulation results[4] .
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Proposed quantization

* Decoder inputs [-4, 4], 90% covering.
* Integer value with one digit precision.

*APP values between -8 and +8.
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Proposed quantization

* InAP(1) and InAP(-1) are quantized to integer values from -8 to 0.
« Also 8bits for v, o, B and 8bits for output is considered.

L L I il
— real values for input & metrics
! -=- 0.1 Precision input & Bhits metrics

Murnber of values
(4% ]

Values
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Metric Normalization

. In forward or backward recursions, metric values can
easily overflow or underflow.

. subtraction of the maximum or minimum node metrics at
a specific time from all of the node metrics at that time
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* Verilog
*Simvision

RTL Simulation

Baseling =

EEEEREEEREADEAEBA

BEEEHEEHBDH

B09909090000IPIIPIEIIDIDI D

Cursor-Baseling =

al[7:0]
az[7:0]
a3[7:0)]
ad[7:0]
aal[7:0]
aaz[7:0]
aad[7:0]
aad[7:0]
ARZ[110]

ADR[11:0] *

b1[7:0]
bZ[7:0]
h3[7:0]
b [7:0]
block
busy
CLK
agl1[7:0]
qg2[7:0]
qg3[7:0]
qga[7:0]
I[7:0]
n[3:0]
nh[3:0]
Reset
start

o

& (Waveform 2 - SImyision =%
File Edit ¥iew Explore Format ‘Windows Help
e R I - *  ag BB el o+ @ -EB-fe- |-
Search Mames: ~| @ @y, | Search Times: | Marker ~ - r‘ r’}

P [imec =1 - [0 Ao = 5% | e 7 Time Range: [0:2,771,0000s ¥ &) &) &) )

(0 fe= Yoo Yoo feeyoo
L

04

e
T | |

26 ohjects selected

26



Iali RESEARCH CENTRE FOR INTEGRATED MICROSYSTEMS

*Synopsys (Design analyzer)

*Modules
g_-’ SYNopsys Desi_gn Analyzer S P =%
5 Setup File Edit Yiew Attributes Analysiz Tools Help

LUTZE MAF decader 2
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27



Iali RESEARCH CENTRE FOR INTEGRATED MICROSYSTEMS

*SYNopsys
*|/O wrapper

PR Spuupsys busiyu duuliprar = 8%

| Setup File Edit Yiew Attributes Aralyziz  Tools Help

&
1H
ol
1
£

{4 =]
Current Designt topMAPchp? Schematic View

[

i Left Button: Select - Hiddle Button: Add/Modify Select - Right Button: Menu

28



Eﬁ

RESEARCH CENTRE FOR INTEGRATED MICROSYSTEMS

Synthesis
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Schematic View

*SYyNopsys
*Area: 0.96 mm?
e Speed: 150 MHz

sFastest Implementation:
110MHz
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Partitioning and Floorplanning
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Future Works

System Design
RTL Simulation

Verilog

Design analyzer

Gate-Level Simulation

Design analyzer

Verilog

Floorplanning

Clock Tree Generation
Routing & Timing
Verification
Physical Verification
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