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ABSTRACT

In this paper, we present an optimized design of RS(23,17) decoder for UWB, which uses the pipeline
structured-modified Euclidean(PS-ME) algorithm. Firstly, the modified processing element(PE) block is presented
in order to get rid of degree comparison circuits, registers and MUX at the final PE stage. Also, a degree
computationless decoding algorithm is proposed, so that the hardware complexity of the decoder can be reduced
and high-speed decoder can be implemented. Additionally, we optimize Chien search algorithm, Forney algorithm,
and FIFO size for UWB specification. Using Verilog HDL, the proposed decoder is implemented and synthesized
with Samsung 65nm library. From synthesis results, it can operate at clock frequency of 250MHz, and gate
count is 17,628.

I.M & Alzsdlo] ISOIECS] =4 ZFo= Ae=gicil

MB-OFDM UWB<| =Z#|J(PPDU)-> =4 PLCP

o oddk B4l $13|(FCC)= UWB(Ultra preamble, PLCP heaer, PSDUZ A %|v, PLCP
Wide-Band) & ‘SA1592] 20% olAke] Ao header= PHY header, MAC header, HCS, tail
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(n-k)2= RS 59 oF AX T8 el
RS E37]= I3 13 o] Al=F %14Ksyndrome
computation), 7| W44 A4HKES, Key Equation
Solver), Chien ¥, Forney ¥3&|&, &7 AA
L2 9 FIFOZ AR o)Felx 2F 9
t}akX(error locator polynomial)®} 57 =7 st
Al(error value polynomial)S 2t7] $]§F KES &
o] 7P @ odaks o= 3, sl=sle] EAE
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=
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Search

vjo]zZzjql 30| ME(PS-ME) &e]&2 2=
At R Qg she $Rew P 2w
2] processing element(PE)E ARg3le] Ak,
st=slel R4 2 A E A %d(critical path)e] Zro}
A RS B3715 3o FEg 4 gl 7]
A 2 Alke]l 84 9= DCME duE|Es
AeksA|at, 7+ 718 Albasic cell)2] feedback®|+
FEy e ¢]2%= leading coefficient a;, b,
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I. PS-ME 272|Z E2 71X

2.1 MB-OFDM A|AEl2| RS(23,17) £=

MB-OFDM UWB A|Z=Eloj 4= RS(255,249)2]
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i=1
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o1 7]ellA m(z)=  AE  ©¥A](Information
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‘”/}ﬂ"] t=Ln—k)/2] = RS(k) FZ2| 25 A
25 vehdck ME ¢3R5 A (D)~(100&
ik

FH ol

é
2

Ri(x):[gi—lbziﬂﬁﬂ( )+ﬁa1 1Q—1(1)} M
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AZNA, oy, b= P R (@) @, (2)

9] leading coefficientse]ch. T#|3, I,_ 3} o, =
oFel At ek

ljfj :deg(Rl,l(ﬁ))* deg(QZ,l(ﬁ)) (11)

1, ifL o, =0 2

%i-17 o, ifl,_, <0 (12
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5},
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°Jﬁ gpo]zelel Fx5 AHE-3ste] Zb PEe
R, () == @ @) A7k 14 24
A sle], st=glele] 3 *é < A HESleH,
ol oldl m&og B3y HdAY} sbsskel S
PEIA R ()8 27F @ (@)9] A7 2A
W (e, =1), T ks F8 R ()9
FHaalk & AAS L 2 v R ()& FH3)
==, deg(R, (2)) = deg(R,_ | (x))—1°] =,

_>.:

Q(z):cz,l(x)ﬂ Heh Wk RO ()8 AT
2) AR} 2 gd(a —0) A 29N A5

EHH e s LE‘r. 1= AR
_,(2)2] leading coefficient7} 0’olH, ofeka] o
ARS B1A] @kar, shift QAARS- dle] 09l @ |
Hza e A gk o] daE|E2
deg(R (2)) <t B deg(Q (z)) <tB &3P, stop
X157} whAsle] o]$2] PE- shift dAES- 473

sHA =k

A
5

&
lo,

o=

Il. PS-DCME 12|&

3.1 HoHEl PS-ME £ =

UWB Alzglolld A== RS(23,17) %35 o
&le] PS-ME £-2-2 t=30]= % PEl ~ PE677]-?<] 6
7Ne] PE B3-S ARSEY9. zFche] PE6Y] &
A= Al (13), (14)9} 2] R} @9 A5E u]

W3k, o(z) 9 wlz)E derk

U (@), if deg(Ry(2)) > deg(@, (x))
U(x)i{lgﬁ(l’h otherwise (13)
@ (@), if deg(R;(x)) > deg(Q;(x))
w(x)—{éju) otherwise ’ (14)
a2y, AHs PE B2e] & g} L 54
=3 A 2ppnct 1o] = “ﬂ 27} =
ol webs, #HEeEdt PE6-4 R(x) 9]’ 1) ]

HAZENE Fol, R(2), Q@ ), L(2), Gyle)e] 2
7} A AL *lﬁ%owﬂ‘n wkef 7t PES] %7
ol & deg(R () = deg(Q, () 7} RM¥|=% PE
o T2F whevhd, A (13) (1HE 27 Aas),
(16)3} o] UL B & 5 slek 1A 3t
29 wolA A5E W3] 98 AA2E, A5 ]
332, MUX 50] Be8 o7 ek,

olz)=U(z) 15)
wlz) = @;(x) (16)
B E=Roxde 7z PEQ &k i

deg(R (z)) = deg(@, (z))& WE3l== 3] Sl

R_,(x), Q_ (), L_ (), U_ (x)2 5¥
(N~(10)2] tahr] Aake 3 o]Fol|, deg(R (2)) 2t
deg(Q (2) 5 Wlasle] &3 tlAE 29]x]3kA]
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3, ®+ GE@2% #4017, &% GFQ®) sl471&
ehdct

a8 394 leadR, leadQE A7t R, ()9}
Q_,(x)9] leading coefficientE }el=, Stopi A
3= A D3 Zrk PE cell WH AXE sw,
cntrA, centrBE 2] (18)°l] A2j=eqlr}

Stop, — {1., if (deg(‘RI,) <t)or (deg(Q,) <t) a7
! 0, otherwise
1, if deg(R) <deg(Q)
Sw_{O, otherwise (18)

: :{1, if lead@=0
“q 0, otherwise

entr A= Stop, _, or zq
entr B= Stop, _, or (not zq)

3.2 PS-DCME 11215

Qkx A3l nlel zro], PS-ME 7-%2| 7+ PE°||
AR @) e Q@] A7t 14 ZHisA
o} w2 =l Alokel a9 39] PE £E
° A B Fxodde el ek

deg(R | (2)) = deg(@, _, (x))°]

d7s] e, 18 oieda]el diste] 2E M)
= A, |deg(R (2)) —deg(@ ()| & TS
24 PE 529 AloiE & 4 glr} wdh 7+ PEell
A |deg(R (2)) —deg(@ (x)] 7S] W= 10] Z713}
A F 10] FaslrE, 2H]|E mA(state
machine) > 2 XS = 9low, 7+ A 5= A

(19)¢} #re] AoJt 4 ik

5
5
o

>

8, = |deg (R, () — deg(Q, ()| (19)

A7]elA, k=0, to]ck

PS-MEY12]Zol|A deg(R,(x)) =2t°]3, ME &
2% o] skasEE 2710] Al 2] wi
o, 2 (19)9] A= 8§ ~ 570 7Fsstek a3 2
= RS(23,17) H37|ol g A Holx=s viepd
o, 5 ~ 5,2 47k ez} 7Fssich

5] 29] A AHolkellA zq= A(18)ell A2ld
2 21, swas A (18)°ll AeolEl A T, )
ZJefie} zqztell wet A=l imAl PES] Y A
B7b eol¥, R (@) @ (@) At Rk
e 2k witell, zq@tt s, A PE
o] =4 Adie sl "k o] wl, "k} zg=10]W
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J% 2. RS(23,17) H37]el Wigh Ae] Holw
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J2| 3. PS-DCME 425 313 PE &5 1%

@Q_,(x)9] leading coefficient”} ‘0’°| 22, shift &
2Hhg | Hal, zq=00¥ i AxkRs
R (@)°] 257F @ (x)Erh 10] Aopr|mz,
sw=1°] =iz, iHA PEEHL R@)% Q(x)7}
switch=le] &85} 5, 5,9l = zq=1°14, A=
7} 1%5718kaL, zq=001" A7} 13ka3ic) 5, S,
d o= zqo} FH3H oA switchE & Fort
et S ollM+= zq=131 A= BB d=rh o]
o} zro] 1] 29 A¥lw
A& 4 ik

PS-DCME 2|55 #1%F PE &5 7585 1
2 3ol vehlgleh 23 364 Stopi AlEE zqe}
23, X = gk A2 F-3 o, A
(18)8] zq9} Zrlh sw Az= I3 29 AH|xd]
ule} FHE 3, cntrA, cntrB AlEE WHsh= ARzt
oy A 183 ok I3 3904 state
machine< 13 22H€ ol 2] 20)3} 7o) itk
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=/ UWB Al2ES 93 RS(23,17) B57] 24 AA

tat state, _, +1, ifstate, | =5, or zqg=1 20
sare = state; | —1, otherwise (20)
a3 4w 33 39 PE &5 OE ol8sled

RS(23,17) E37]& <8t PS-DCME dxE|& &=
Zolt}h RS(23,17)9] BE7|ollA A=F s, s, s,
o] B FAle 02 A= A w@oemw, 3§
#} PE1, PE2, PE3, PE4= RE S5 djeld] s}
o] gt FARS dlloRich webA, Stopo, Stopl,
Stop2, Stop3-> A} 0°S gL I3 49 =
7] Akl state, = S ©]3, PE6S] EHE 4] (15),
(16)°] =k

2! 4. PS-DCME E5%

V. UWB AAEIGIM S57] 2 4A|

4.1 Reserved bit *{2|

I3 5% UWB TFZel4 PHY header®] HIE
s vebdich, 28 5el4] RE #3¥ H]E 0 ~
2, 20 ~ 21, 24 ~ 25, 32 ~ 39+ reserved bit®
% Isbito]e] 4 02 FAlalobE p mieha,
RS(23,17)8%7]9] 3] =)= codewordE A1=E 7|
Ab EZe) {JHA7]7] AHell, reserved biti= ‘0’ SFE
e & Fell RS H3vlel fHAReEZAM,
Soyed Zsefo] ol AR AE Tl
reserved bitollA] of|g|7} & A= B377) Sxl=
A 252 A A5 Alme, %571 o
ER{eE Asol /g Zlom 5% 4 ok

BURST MODE
PREAMBLE TYPE
BAND GROUP LSB

RATE LENGTH SCRAMBLER
(5bits) (12 bits) (2bits)

o
a2
2'y

3
En

R
Reserved

" lew

Lsp M
| | 1 Y N 1 13 1 B 2 R B3 ) R R A B |

ol el porh

=

-
L.

RRR RRRRR
Lclelnobaalol

Transmit Order (from left to right)

2! 5. PHY header] W& 3%

42 KES 22
RS(23,17) 5372 KES %ﬁ—’——ﬁ ° 78] 49} 3ro]
T8 4 glck 7 PE E22 2 clocke] Ads]]

wliol, KES HEell4 % 12 clock®] #]edo] HHA
el g2 49 PE1—4 Y AlEe] 27]x+= o
WA DI e 27AE AR

state, =8| (21)
l%(x):ﬂcﬁﬂQg(x) zS(z)
Ly(x) =0, Uy () =

w2bA, PE1°] &3 Al Q)9 leading
coefficient(s;)7} 0%1A] opdA]e| wjel,
o e} v} o] AT 4= ok

41)4

2q A3

if zq=1, then
state; = S,
R (z)=2",

Q ()= 54.774 +s3.773 +3212 +sl.r' +5.
L(z)=0, U (z)=1

else

state, =5
R (z)= S4ZL‘5 +s3;1:4 +32;L‘3 +31:L‘2 + 80T,
@, (z) = S(z),

Ll(zr):ar7 Ul(x)il

olgigt A¥E o]&sh, PE1S 1§ 63 o]
MUXZ 783 4 glow], KES Z2& PE2-PE6
7HA] sAfRke® o] sbssiAl A, Adde] 2
clocke] Z¢1E¢] % 10 clock®] latencys 7}A|+,
gate count™ ZEo]E7]

Syndrome Computation block Received PEI

If S5 equals 0, zg=1
Else, zq=0

H> state,

L start,
H> stop,

08 6. A=E AXF E23) PEl 7%

4.3 Chien Bt gl Forney &112|&

KES 552 2% PE62] 22 4] (15), (16)
o Aol oA TR ()9t SRwt v
wx)ﬂ' =k RS(23,17) FEE t=3 o|E®

(
olz)= 031‘3 +02;L‘2 +oxto, wlz)= w2452 +wz +w0i
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Foizle) A%l IEfee] 0 F/E AHAE] 2l
A o(n), wlz)25E At &7 $x|<t /3%
S  AXbsloksl=d], Chien search <<E|Z3}
Forney daElge] 7P F8&=Ql wphelw, 4]
(22)9} A3,

w(d)

_rass—it— s if (old’) =0)
= o (o)

To55— i otherwise

Cos5—i (22)

71, o= 2F7F ARE WA ZegE AR
o]n, RS(255,249)¢l thsle] i=1,---,255¢]t} o (x)
o(2)®] P]E-g epdck RS(23,17) F3eli=
@), 52 2, e~y AEE A W] o
o, &F AAS & F8U) vk w’h, parity ¥
o ~qoll HElM= X vES} oplumR /e
A g7} gl7] wlitell, 2)(22)2] Chien search
Forney LWE|&2, i=233,--,249¢] ulsfAIqt
3Psld =} wlebr, Chien searchdw#]& 13
e 722 AAZ 4 93, Fomney dalE]E:
o ge} zro] AAIRE 4 gick
a5 73 a8 8ellA] vlm ks ke kA
A B2o] AR o Z73hE viehie
(22)°ll4 i=233° 3l o(o), o'(a), wld
Axkslz] g 271 grelch
ANkl RS Hur|ode Hor] A A<l
st =7] "EEe| FIFOE 7HA|aL glelof 314
wh UWBA| 2o 4] PLCP headerll4]qt RS +
3E5 ARgEtaL ohE telAle ARSEA] 97] W

4 oo M oHr > e

)

rlo

~

e > &

2
a

32| 7. Chien 84 ¥x8lE &5

a o'(a) o(a')
233
ROM corrected
output
0)0 7 AN D
23342 2 FIFO
o x(a™) a

(17Bytes)

12! 8. Forney ¥E]& ¥ 2544 £=

826

off A #|ednkEe] FIFO thAl, 18] 8ol|x]e} 3ko]
Aw ABe] Zolel 17Byte FIFORF 9lowd = w,
W 22| S ARSSHA] L register® T3S

I3 9+ RS(23,17)%%E PS-DCME &E]
< ol83le] Bl TAYS u vE o5 &

r e oy

ot} RS H3719] A5& v|ash] flsle, H353}
A 92 BPSK WX HAle] A534E el &
AlElgdtl RS(23,17)%35= H|ESRIE 10 7|
o4 2k 2dBe| FFo|5E 7KIth

3 94 FA1E ZEY = reserved bitE 0
© 7 AHAE= mask E2°] 1S wo] v|ERFI}
F9 A% TAE o] ReiFT glth. AWGN A
doll4] Reserved bit mask(RBM) EZ°& <la,
H|EQFEEo] <F 0.15dBAHE A5 iAol o]Fe]
A3 LS B F Qrk Yubgeg RS H5Y
Erasure B3+ AWGN Adelr= 2 23} A
i Ao’ Adelld Ae S 2 e A
o2 & e girll wlEld, RBM E20R 9
gk A5 NMAL Alg] 2 F(random error)7} REAE=
AWGN AdHrh= % QF(burst error)7} 1HAY
sz Flold Adelxd 23t o & ZoR «I5%h

1% 102 Verilog® 73% RS(23,17) H37]
9] functional simulationZ¥}°]3, ModelSim< ©]
g3to] AlEHelAS Al o] AvEyE o
T 9ol 7EE Berle 4l Al 23bytert Al
B ARt Bl ™= vA, ldclock Fell &
AAE AR AlEe] EHE= As o F ork

P

¢

4 fn

=====———-
—6—BPSK
——RS(23,17)
——RS(23,17)-RBM ||
Ed = =

r
S
I

1
7

Eb/No [dB]

32 9. AWGNAelA RS(23,17) B357]9] ulEeReHE
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=/ UWB Al2ES 93 RS(23,17) B57] 24 AA

2l 11. Xilix FPGA (XC5VLX110) 34 23}

28 112 Xilinx FPGA<Ql XC5VLX110-3FF676
< eploR sle] ISE 9.1iold] §AgE Axelrh
a3 1104 S=Falaee oF 306MHzZ vfeRi e
o, Aok dzElEor vw$ 1o B3] A
7} 7Fesite As o 5 9lrh

A4 65nm  library & o83l A8t A
400MHz(2.5nsec) 4] timing closure®|%17] wizel,
AA ASICS ARFIE 7S5l 250MHzA =74 &
F2to] RAETty B 4= 9191 area estimation©]
22564°] 22 gate count= THZF 17,628(=22,564/
1.28) % FA =]

[6]914= PS-ME <a2|&S F3sfe] TSMC
0.18um libraryellx] A3 Az, F= Faee
232MHz°|3, gate count+ 27K o]}l o] Azje}
B =0 S AFA R wad =
AR Ak daE]ES o83l Buv|E A

2 &= 9 slese] Exter) iES &
gt [6]914= B& A|%d(latency) = 46 clock
v, AlokE B3 7] 37clock®] latency S 2

ct.

%

5

ar e 4>

B E=ieldE UWB  AlzHlellx] ARSEl=

RS(23,17)%-%2] H3ur|& AAScE A’k 5%
7le FelZ 2l FxE v 39 fEE=
(pipeline structured - modified Euclidean) <372]
Z5 83t} A9k PS-DCME 72|26l PE
B2 12 3 AARS 31K 9¥al, state machine
22 ME daE|E AXkS & 5 gt o] <l
slede] Bl 7haE W wk opfz), m&e] &
37] AA7} 7Fsslck w3l PS-DCMEY72]|&<]
uix|eh gAle] PE E5 EFHlA, 3 Qe
Fak vkl Ha, Ux)e 57 9121 ohie] =
7] wieell, #E SHME A vlaE 4] oF
ol% |3, MUXE ZR3HA] et}

Aoksl H357]= Chien ¥4 ¢38]5, Forney
o 32]Z FIFO 27|15 UWB 14el A3} AA,
2k B3 A|d(latency) ¥ sl=ge] BA=E 7}
A=ZE 39ck AlgkEl E37]= Verilog HDLS
AMgate] FEEgla, A 65nm library & ©]-8-3)
o] FAF Azl AAl ASICE ARFEIE 7S
250MHzAR =744 E2to] RAMETk B 5 glo
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