Radix-4 92 714 ElH MAP E357]9

A Study on Implementation of High-Speed Turbo MAP Decoder
Using the Radix-4 Method
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ABSTRACT

For wireless communications, forward error correction(FEC) schemes are an
important tool for improving communications reliability. Turbo codes have been
shown to perform near the Shannon’s limit on the additive white gaussian
noise(AWGN) channels. As a powerful coding technique, turbo code offers great
promise for improving the reliability of communication over wireless channels.

Recently, the trend of wireless communication is changed from the conventional
narrow-band voice service to the wide-band multimedia service. Therefore, it is
highly required to develop the high-speed turbo decoder structure. An important
problem in high-speed applications is decoding delay inherent to turbo decoding.
Conventional Radix-2 MAP decoder has difficulty in applications of high-speed
wireless communication mainly due to delay in interleaving/deinterleaving and
iterative decoding.

To solve the problem with latency of turbo decoder, in this thesis a Radix-4 MAP
decoding algorithm and many parameters were adopted such as branch metric,
forward/backward state metric, etc. Simulation results over AWGN channel show
that the BER performance of the Radix-4 MAP turbo decoding is almost the same
as that of Radix-2 MAP turbo decoding.

Radix-4 turbo MAP decoder was compared with the conventional one in terms
of decoding speed. The decoding speed of the Radix-4 MAP turbo decoder is faster
by 2.4 times at least than conventional one in the case of one iteration of turbo

decoding.
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Fig. 2-2. Block diagram of MAP turbo decoder based on Radix-2.
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(a) 4-state Radix-2 trellis (b) 4-state radix-4 trellis
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Fig. 2-4. 4-state Trellis Structure.
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3 3-1. Log-MAP/Turbo 35719 7} wlEge] A HES &1

Table 3-1.  Optimum bit assignment of metrics at Log-MAP/Turbo decoder.

dnkzQl g HA g
L, 2 A A
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0 : : : :
1 1 l —e— 8bit
1le-1 - & ~—=_---—----- e te
; | | —=— 9bit
1g-2 [-——————- bemmm s T R 10bit |- |
| | ‘ —e— 11Dit
T e | | | |
oM l l l
Temd [ b I
L e
']e_6 | | | |
0 1 2 3 4
Eb/No

% 33, 4 EE H|E no & Log-MAP/Turbo #5719 A5 (N=64,1=3)
Fig. 3-3. Performance of Log-MAP/Turbo decoder as a number of metric

bit n(N=64, I=3)
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Table 3-2. Memory assignment of Log-MAP/Turbo decoder.

e & H e 7]
X,.Y, 2%8%63=1024 Bit
BM M| %2 4*9%64=2304Bit
BSM H| &g 4%9*64=2304Bit
E-Table 276%4=256 Bit
QIE 2 H 9*64=576 Bit
e 2 H 9*64=576 Bit

3.3.3 Log-MAP = 3%7]¢ VHDL 474
Log-MAP 235712 AA 2oz A% AL 1% 34 o Jehlideh WA,
FANEE m HE FA3E N5E 747 Ich, Qch o YHdw

BMU(Branch Metric Unit)ollA] ooz 7t A4S0 gigh 7HXHEY

i
<
=
i
i)
K3
2
1N~
o
o
I

BM00,.BM01,BM10.BM11 & &3} EA]d] o]
U, ke s BM H R AFE 7HAWMEHGS EdEc] 98
BWEE BSM & kil w72 BSM W E el Aol thA], =
FoF BM HEZE HE /AMERS EYEo] U G

S Fetar o] ¥ BSM "R e BM WEYE FE EgEe 7z

20



7S B Ao LLRU(Log Likelihood Ratio Unit)ell ¢J2l38le] LLR & -3t}

e——<HO O]

3 3
@)
<
(-
o | | [T
s B B |5
- = o [©
- o |- [©
l¢ BB BB D
— M o
s g 2
< @
(e (- C =)
o
4 ElEEE ff
o ERER o
=
E S v 3] o)
» 2 E = S
A 4
4
B
s
>
@
m 14 %
I =
— = =2
o8] =
= 0 0
E Sy

% 3-4. Log-MAP %3719 sl=¢o] +x
Fig. 3-4. Circuit of Log-MAP decoder.

21



i1l _Hv|.u-..h
di O
il
dh C— e
n
wim [ = fige o LLR
ot ey
a = = T
AN X1 ok
nln- al ELE_TN
TR ol 1.1
&t fali | o p L'._“r__:.?..xm:. ]
Il pr— —E——faN_Ki i L
ﬂ..l.o_.n... sl i Im-_.._ﬁdu.l.x.n-__.xn: L]
§ s GUTETH sEEND. |- 1 2.
EC_BAN = oLK_Te e Illlr wh_owi_xife. .8
BE_ONT_¥S{1, O] BiMLjH. . 8]
ELE_K1 1_GHim. SCRRH_QUTSTNS  Befa. . o 8.8
r SH_EHT_R41L. 0] ERME, .
BECHD BN BCHIE. 0] L CHIE 8] il . oy inor (L]
SH_ENT_XATA. W wirOie. . 8]
I_OH_TH[7. D) nns!-ﬂ—_._.ﬂa‘\u.[_l_ q_ou[E. 2] EH_AUTETHE 8.8
L L R
a_GH_1N[7 o) (LR 8.9
I8 .8 | & m
SH_CMLOEE. @] AL UTI. . pe—— R ]
wsEn. 8
GALLEE. 8] LA a———— ) F ninie
e @
HCALATE, &)
1 SH_CALILS. . &)
H_EALAS. 8]
—— HLCBLETY, @]
r ih_chLefs. .8
HCALTES. 8]
FEH Hae. .03
ey FEH_GALO_ g5, | o] je— Haps. o
SH_OHT_DE[L @] FSH_ERLL 0[S, 5] pe— SHRLE. . 0
SN, EHT_TALL. . 8] FSH GmLE_OEW,, e, . 01
FH_ONT_EL{&. . @] FTSH_GRLY _O§%. . & L1
e o) L
LET £ F&H_BmLS_ogw. . 8|
MR @ FEH_GALA 009, . 8]
e o) FSH_CRLT_OgW,

22

213 N=64 2] Log-MAP &357]9] 3|21

A}

Schematic diagram of Log-MAP decoder with N=64.

VHDL =

3-5.

=
Fig. 3-5.

18l



Mame:

Walue _L
-

136 004us

22008 44.0us 6. Ous B8.0us 100us 13205 1540us

B decod_en
i clk_x3

i clk_id

= clk_x1

EE— input_bit
=i lIr_outsyns_o
S lIr_oul_o
=i code_outsyne
=g decode_ou

Marma

[TULULLTIr T

194

mm= decod_en
g clk_s8
wm—clk_xd

i clh_x

= aput_bil

=g b outsync o
S b _oul_p

= code_oufsync
=i decods_oul

1% 3-6. Log-MAP 5 57]9] Elo]w A& & oA

i n L|"L r1| mrmmnmnnnﬂmnﬂmmmmnnﬂmnﬂﬂﬂwmmmwmml ml Il
1V g g o) g 0 0w o | |

(1B 246 ¥ 179 4 183 § 317 ) 364 Y 144 )
N EN S N S

(b) Time Sequence 2

23}

Fig. 3-6. Timing simulation output of Log-MAP decoder.
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Fig. 4-3. Performance of Radix-4 Log-MAP/Turbo decoder as a number of
recivered signal bit(N=100, [=3)
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Fig. 4-4. Performance of Radix-4 Log-MAP/Turbo decoder as a number of
metric bit (N=64, I=3).
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Table 4-1. Optimum bit assignment of metrics at Radix-4 Log-MAP decoder.

A I
XY, 8,8
BM 9
SM(FSM,BSM) 9
LLR 9
Z 9
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Table 4-2. Memory assignment of Radix-4 Log-MAP decoder.
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Fig. 4-5. BM VHDL simulation result of Radix-4 Log-MAP/Turbo decoder.
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Fig. 4-6. BSM VHDL simulation result of Radix-4 Log-MAP/Turbo decoder.

Name: Ve L 4D.|Bus 4B.f1us 52.I2us 58.|Dus B3,

= clioo ] 1 h

= clklon I

= fayn/ 0

ol | 0| % 0 BRI Ve
oort | D11 X3 019 G UL
o | 0| % LD AT LRI 0
ot | 00| % LR AL UL EOAA

1% 4-7. Radix-4 Log-MAP/Turbo %% 7] 2] FSM VHDL 2 3}
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Fig. 4-8. LLR VHDL simulation result of Radix-4 Log-MAP/Turbo decoder.
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