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Abstract In this paper, a low-area symbol timing offset synchronization structure for WLAN Modem is
proposed. Using CSD(Canonic Signed Digit) coefficients and CSS(Common Sub-expression Sharing) technique
for the filter implementation, efficient structure for multiplication block can be obtained. Function simulation for
proposed structure is done by using the preamble with timing offset. Through Verilog-HDL coding and
synthesis, it is shown that the proposed symbol timing offset synchronization structure can be implemented with
low-area semiconductor.
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w Fukdato] A5 QA& I|HAIZIAL FFT(Fast
Fourier Transform) Y= £]%|9] £7] 255 doA <l
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2RO A AREE= AE BRolY F7)3tell AR 7%
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429} CSS (Common Sub-expression Sharing) Hl-A]12- Al&-
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2. Hl= ElO|T S4 S713}7]

2.1 Zg|Eel X

WLAN(IEEE 802.11a) OFDM SLAE Al uFAle] 4]
oA TEolAls 37l Ze|gE(Preamble), 3T
(Header), 1831 AA| A435}14}6l= dlo]g] el Ho]=
Z(Payload)Z AJEch IEEE 802.11a0|A4 AMEE= T
gHEo L= 19 13} Zo] Short training symbol 10
709} Long training symbol 27]2 FAJEICH[S]

8+8=16us

10*08=8ws 208+232=8us
16 kY 4
Sl|sz|s3|54|s5|ss|57 s8|s9|S10 < | / | b

Sigal detection Coarse Chanel and Fine Frequency

e Freq offset Cffset Estirretion
AGC, Diversity Selection estiretion
Tirring Synchronize

(23 1] Zejggo) 7

Short training symbol2 A& 7<%, AGC, Diversity

selection, Timing synchronization, Coarse frequency offset

estimatione 3+=1] o]-&%c}l Long training symbol-2
Channel estimation¥} Fine frequency offset estimations
Sh=tj] AMZ-EITE Short training sequencest= $;5E S,
71 10709] & AER TR 27te] 1B 167)
of 4o} 16719 sl AT Long
training sequencest= [ I} [, 9] & 719] HERZ FTAEH
7i7te] 4182 647)e] Aol eale] sl TAH
of sl

2.2 Za|YES 0|83 X 57|57
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WES o8 WLANG A= Blo|d A1 5715179} 5=

t Preamble 1 Payload !

s}

Algeily o 24
84 S7lae 238

[ 2] WLANG 42 goly) $A17} i 241 7]
) 25%

39 204 Ezo] HA Preamble F 515 S;7HA|
9] Short training symbol2] 12} Q7| 4] & Elo|®] Al 5
ABb1% Elo] Eol £7158 B5jolo} gk, Ejo]
NS 3] skl o AE ARSI

M

v X5, 41717} vl2] YAl Q= Short training 4]
E9] 15-nHA Fro]al *& conjugated Ju|stil YV,
A Alzole) AT O A3 gt R, Al
2 A%} Short training A22] 16712] M2 2 F
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o= dAste] A

Preamble ' Payload

[complex (y, + j¥) |

b s -

Agkel Tt
g /doe= ¥
™ Z2]olE-9] Short training symbol2] 167} -ﬂE17:ﬂ—.—.J

A% ehole 24 B7151E kel
Tate] AR By AdoR Hits

"ejz 2 4 ok g 39] Pzt AwA 7
WA F2AA AT, CSD A 24 A
@k, €SS 72 A7 SAGEA)S 3 wAR ol o]
ek,

3.1 MATEH 72X A SAGEA)

19 IS 9 Y Hold 4 s
71 ) clock vf} Bae] Qo] Sofew], ofs
7]01]A1 u]2] 231 = Short training symbol 2} —'—HTOCV\P

Saic FA] SHEL A ohE 2ot 8% ghE
A N I P
= 15709 FA719 1571¢] 4|ZE HAAHR o]Fof]
o wleb F BAIS 4EE dX A 242} 6071}
dastH off clock mkc} 6019] AAte] f=af=|o] & H
o] ARAA == @xlo] ek o]} T2 P& CsS W
A& ARgSto] TIALZ19} 4l2E RES AREShe] AT
CSS H]—A]'J _LHEi _:_0 Ho]—mo H\y] %3]1}\1: j_E] 391
2% % (Direct form) e 25 17 49} o] HAx] 2]
%% (Transposed direct form)jEJEi 22 ok Sk
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Preamble 1 Payload '
[Comprex v+ )l ]
E
X1 X4 X3 Y X X, Xp
1i(n)
y AT A7) - i

v, Lol {ez] - rfprp o

Xiis Xrl’! Xz er xl\

o T ] e

(28 4] 4% ol &4 57187] F2o] A% 24
e

3.2 CSD Al MA| THA(2EHA)
19 49] "E Axof iste] SA7|E ARGt AW
| ?Z% AAlsE7] $Jste] AMgElE HE A4E CSD
© 2 Wgldlt}. CSDE o R WalslEd £d ABES
24 BH4gog Uehl & o]E CSDF O R HIst
CShgoz a3t AMEE QAl7| 9 $27) Hoix)7
mRolch & 18 ry(n) DEJA AFgEE=
- 16H|EQ 29] By o R el Folrth
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Aol A

[3 1] Short training symbol(REAL)2] 29| B3
=

& 20] ®g
e
(REAL) 0|1 (2 (3 (45167 (8|9 |10[11]12]13]|14|15| BAI7]4=
0.0460 [0 Jo JofoJoftfoft [t ]t]io]ofo]1|n 6
-0.1324 |1 {1 (1 |0 {1 |1 |1 {1 [0 [0 |O [O |1 |1 |1 (O 9
-0.0135 |1 {1 (1 |1 {1 |1 |1 {0 [0 |1 {0 [O (O |1 |1 [O 9
0.1428 (0 (0 [0 1 [0 |O {1 [0 |O |1 (O |O |O |1 |1 |1 5
0.0920 [0 Jo Jo ot foft ]t t]tfofoloft]1] 7
0.1428 (0 (0 [0 1 [0 |O {1 [0 |O |1 (O |O |O |1 |1 |1 5
-0.0135 |1 {1 (1 |1 {1 |1 |1 {0 [0 |1 {0 [O (O |1 |1 [O 9
-0.1324 |1 {1 (1 |0 {1 |1 |1 {1 [0 (O |{O [O |1 (1 |1 (O 9
0.0460 [0 Jo JofoJoftfoft [t ]t]i]olofo]1|n 6
0.0023 (0 [0 [0 [0 [0 |O [0 [0 |O |1 (O |O |1 |O |1 |1 3
-0.0785 |1 {1 (1 |1 {0 |1 |O {1 |I |1 {1 L [0 |1 |O (O 10
-0.0127 |1 {1 (1 |1 {1 |1 |1 {0 [O |1 {1 [O (O (O |O (O 8
0o Jofofofofofofoofo]o]olo]o]ol]ol]o 0
-0.0127 |1 {1 (1 |1 {1 |1 |1 {0 [0 |1 {1 [0 [O [0 |O (O 8
-0.0785 |1 {1 (1 |1 {0 |1 |O |1 |1 |1 {1 |L [0 |1 |O (O 10
0.0023 {0 [0 [0 [O [0 |O [O [0 |O |1 (O |O |1 |0 |1 |1 3
A 12] 7H4= : 12270, 41719 7H4= : 10774
104 Bzl 209 B4y Al AHFoR 19

7t gonz SR TR o] A W] A

o). webd 5Al7] 9] 48 o]y glale] CSD el A%
= wgelolol wh & WeAsw *l%ﬂ% Short

trammg symbolQ] Ag= 7kk 34 ZHe CSD o2 upyy
. = 19 29 1y 741#3 168 £2] CSD
o7 14-15]—1}]0*1:]— 20]|4]+= Short training symbol 2]

*.4# ARS e 84 ke A4 3te] 8 sample
Aol g goms ek,

[E 2] Short training symbol(REAL)®] CSD¥

] CsD

HE 0 (1|23 |4 |56 (7 (89 [10[11]12]13|14]15]| GAll7]4=
(REAL) AR
0.0460 (0 [0 [0 |O 1 |0 N[O |O [0 [N|O [0 |1 |0 [N 4
-0.1324 {0 (0 (O [N |O [0 {0 [N|O |0 |O |1 |0 [0 |[N]|O 3
-0.0135 {0 (0 (O [0 |O [O [N [0 [0 |1 |O [0 |1 [0 |N]|O 3
0.1428 |0 |0 (O (1 [0 [0 |1 |0 |O |1 [0 [0 |1 [0 [0 N 4
0.0920 (0 [0 [0 |1 [0 [N [0 [0 |O N[O [O |1 [0 |0 [N 4
0.1428 (0 [0 [0 |1 [0 |O (1 [0 |O |1 (O[O |1 [0 |O [N 4
-0.0135 {0 (0 (O [0 |O [0 [N [0 [0 |1 |O [0 |1 [0 |N]|O 3
-0.1324 {0 [0 |0 [N {0 [0 |0 [N [0 [0 |0 |1 |0 [0 |N|O 3
0.0460 (0 [0 [0 |O 1 |0 N[O |O [0 [N|O [0 |1 |0 [N 4
0.0023 (0 [0 [0 |O [0 |0 [0 [0 |O |1 [0 |1 [0 [N]|O [N 3
-0.0785 {0 (0 (O [0 N[O [N [0 [0 |0 |O [N]|O [1 [0 |O 3
-0.0127 {0 [0 |0 |0 {0 {0 N[O [1 [0 |[N|O |0 [0 |0 |O 2

0 0 (0 (0|0 (O[O0 ]|O (O |O|O|O[O]O OO |O 0
-0.0127 {0 (0 (0 [0 |O [0 [N [0 |1 |O N[O |0 [0 |O |O 2
-0.0785 {0 (0 [0 [0 N[O [N [0 [0 |0 |O [N]|O [1 |0 |O 3
0.0023 |0 |0 [0 [0 [0 [0 [0 |0 |O |1 [0 |1 [0 N[O N 3
A 1 E= NoJ A : 6370, GiAl7|9] 7l - 4874

47l FAI7) THE F shtel FAlY) HEg Al w
29] B4y F2E TE] AL 107749 577}
Baste 7jete) Q471 gete & 122749] 94177
2 qaj}.

CSD 125 FEs] A sUI7IE 487071 2
ast] 7)eke] SWI7IE Tk % 63719 sl 2
asjt}. oo} o] CSD Fo] WelAGS Ahgstd B4l
719] == 29 B4y FHET oF 48.63%2] RWAVE
A2AZ 4 ek

3.3 CSS = M| THAI(3=HA)

npRgk e 2 3G = QA7 =E oS A7)
glate] €SS HWHAIS AN 222 fEdch CSD § o

Aol & 39] 25 A o] 37 HES A oste]
of stc}.

3 304 CSS HAE A gslr] fJste] HA F-FaE
59 22AMog HASIECE HoA HE™ 10N, 101,
100N, 1001} 4712} FEojglo] 912 & 4 gick of7]
A} 10N, 101, 100N-& - 9+ o] NO1, NON, Noo1x} Z+
2 gjdolng shte] MHos Hr} meo] FEIEL
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[# 3] 168|E &1 4H+&2] CSD A4=¢}F CSS

e CSD
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0.0460 [0 o [0 Jo [TJo INJlo Jo o [NJo o Tt Jlo_|N
-0.1324 Jo Jo [o [NJo o Jo [N Jo [o [o i Jo Jo [N]lo
-0.0135 [0 o o Jo Jo o |NTo Jo [1 Jlo JoJfi To [N ]lo
0.1428 Jo Jo [o [[TJo Jo Tt Jo Jo JnJo Jo [1 o Jo |N
0.0920 [0 Jo [o [T Jo [NJpo Jo Jo |NJo Jo [1Jjo Jo |N
0.1428 Jo Jo [o [T Jo o Tt Jlo Jo Ji JoJo [1Jlo Jo |N
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0.0023 o Jo o Jo Jo o Jo Jo Jo [ Jo J1 o |NTo [N
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N
o SE]O =] 5 o WS D &
9lo] FENRE olgste] A2 Tl e s —
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W 4] @9} 2t} E 39] YR PES 7,05 7,457 =00 Bu 3
A= oJste] EARt offHA} 12 AE ouitt
2| Aot=E] AlE glo|u] E7|35)7 Z
T ——ay > 3—ay > T7+a; > 11
= - = < o
2,y —ay > 6+a, > 12 a9 52 A 4] 304 Hojst FEuEs 9
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N 2 @t 3 Azl Al MAIALE Ee) 2] 15
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)
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=" > 67y > 10 oA Ao At ghEe] Fol FeoE UL 4 9
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£ 33 & 5= 417071 o o) 29] By
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[E 4] A9 Yo w2 gAl7] 4= vjm 3 78 ¢k Q)& 167]19] Short training symbolx} ~1
e A § S]] (H) H 69] A5 thate] Cross-correlations =3¢t A=
29] By 122(100%) Al 7709 peakE ZroliQlrt. 3 5= A2 peakFE] AH
CSD 63(51.64%) A peak ZH7IA|Q] A ZHE-S LERAT)
CSS 41(33.60%)
[E 5] AAS ekl Ab gF

% 45 Avinu 29] B4 SWY] SEE 100% o i i
A3IS u) CSD & 129] TA7] 2ok 51.64%0]71 | 1 0.000036 0.000038 0.000074
obEl CSSE 0] BAY] 2l 33.60%01 A BHal 8 2 0.000010 0.000420 0.000430
2 qoi 3 0.000732 0.000064 0.000795

4 0.000003 0.001575 0.001577

5 0.000496 0.000277 0.000772

= 6 0.000542 0.000129 0.000670

4, 78
7 0.000003 0.000325 0.000327
. . 8 0.000746 0.004459 0.005205
4.1 Matlab Simulation
9 0.000209 0.000583 0.000791
[e) ZE AZF o5 e} 2 10] 3T

Albt2E A9 flste] Matlaboz 1 10f 2 10 0.000002 0.000391 0.000393

jEo pl= ISR PP -

W=s Weol HAE WEHS sttt Verilog 1 0.000038 0.000380 0.000418
-HDLE 393t &8 gh& HAE W} vlws)glo 12 0.002667 0.000091 0.002757
™ 3% RTL I E=+= Synopsys Design Complier= 3 13 0.000015 0.000253 0.000268
49 g 3t A4 = AlrtsrRtr. ® 14 0.000600 0.001773 0.002374
gste] AIRE Fxof it WS AXtSHATE WA
Matlab© =2 Short training symbol AZ 16071} 3274 2] 15 0.000102 0.001150 0.001251
GI, Long training symbol A= 1287} 2 & 3207}9] A& 16 0.017382 0.016284 0.033666
E T Foll, 34 Vst whEolxl ZEfE As

o) + -

AEE 2E 6 g 3 5OYA Wzo] 3 WA peak H7HA o] Al A

(TN

[eRnEY
S B 16HA Zho] 7P 2 AL E 2= 16 A
e} peak7h LFERIL QL3-S 80l 8 4= Qltk ol 44l
Azl A7 oA Far ‘ﬂ% Short training symbolo] &

A ) A gro] 7 AAths A UeRiT mebA

gl

Short training®] symbol2] == 107H0]7] ool Akt gk
peak 107}E o™ A3 9] AIAAHES Heths]| &<l g
4 et

it

4.2 Verilog—HDL Function Simulation %! &M
o] AojAl= At 20| thsto] Verilog-HDLE FY

SES Sto] 22 S Matlabol A THE g AE wejo} b}
Ye B S S m UL S Short gy, BEE AT YLABRE MalabO 2 WHE A
training symbol} 441415 9}9] Cross-Correlation2- =) WEIS AFRFIE.0m Verilog 79 2] ModelSim Z 3}
ste] peak 77} Rohok ek Malab AHBslel L gap g

peakS 22 A= 1Y 73 gk T 604 HE0] ModelSimo.2 +oIat 7R Matlab
Simulation Zfx} Aol dxjsl= AL & 4~ itk SAH
RTL F == Synopsis Design Compiler 52 AME-5lo] &
A & wAg gopEgth EE S8 wiauR
0.25-Micron 2.5V F4-& AMESFAITE A +29] 3H4]

3 SchematicX} Symbol view+= Z}z} 19 81} 99} Zhc}

[32! 7] Cross-Correlation peak
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WLANE Aw 4% eoly §4 §715p] 7

[ 6] Matlab Z}3} ModelSim Z}e] H]n

3 gk Matlab ModelSim
1] 0000074 0000000000000010 0000000000000001
2| 0.000430 0000000000001110 0000000000001001
3| 0.000795 0000000000011010 0000000000010110
4| 0001577 0000000000110100 0000000000110011
5] 0000772 0000000000011001 0000000000011010
6| 0.000670 0000000000010110 0000000000010110
7] 0000327 0000000000001011 0000000000001100
8| 0005205 0000000010101011 0000000010110100
9| 0000791 0000000000011010 0000000000011100
10| 0.000393 0000000000001101 0000000000001100
11| 0.000418 0000000000001110 0000000000001011
12| 0.002757 0000000001011010 0000000001011010
13| 0.000268 0000000000001001 0000000000001010
14| 0.002374 0000000001001110 0000000001001010
15| 0.001251 0000000000101001 0000000000101010
16| 0.033666 0000010001001 111 0000010001001101
17| 0.000993 0000000000100001 0000000000101001
18| 0.001531 0000000000110010 0000000000110110
19| 0.000446 0000000000001111 0000000000001111
20| 0.004015 0000000010000100 0000000010010001
21| 0.001457 0000000000110000 0000000000110101
22| 0.000659 0000000000010110 0000000000010110
23| 0.000154 0000000000000101 0000000000000100
24| 0.002860 0000000001011110 0000000001011010
25 0.000348 0000000000001011 0000000000001000
26| 0.000609 0000000000010100 0000000000010011
27| 0.003391 0000000000010110 0000000000010100
28| 0.001171 0000000001101111 0000000001101101
29| 0.000099 0000000000100110 0000000000101100
30| 0.001161 0000000000100110 0000000000101001
31| 0.000814 0000000000011011 0000000000011011
32| 0.033666 0000010001001 111 0000010001011010

clk

rst dout_i[15:0]

din_i[15:0] dout_g[15:0]

din_g[15:0]

[Tl 8] Aot F+x2] Schematic

[Z! 9] Aot F-%2] Symbol view

Aok 0] WAL A7) $15t] Synopsys Design
Compiler 34 £ M3 Auhe ¥ 73+ 2t

[ 7] 7lE72e} Atrze] WA uw

Combinational | Noncombinatio

Total cell area
area nal area

NETE
(a¥ 3)

A=

0.688 0.0348 0.723(100%)

0.194 0.0692 0.264(36.46%)
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