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Enhanced Two-Step Search Scheme for Rapid and
Reliable UWB Signal Acquisition

Jaewoon Kim*, Suckchel Yang* Associate Members, Yoan Shin* Regular Member
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ABSTRACT

In this paper, we propose an enhanced two-step search scheme for rapid and reliable signal acquisition in
UWB systems under multipath channels. The proposed TSS-LS (Two-Step Search scheme with the Linear search
based Second step) achieves rapid acquisition performance comparable to the conventional TSS-BS (Two-Step
Search scheme with the Bit reversal search based Second step) already proposed by the authors, based on the
single-dwell search with two-step thresholds and search windows. However, unlike the TSS-BS which employs
the bit reversal search in the second step, the proposed TSS-LS utilizes the linear search in the second step to
improve the reliability of signal acquisition. Simulation results with multipath channel models by IEEE 802.15.3a
show that the two-step search schemes for the UWB signal acquisition can achieve significant reduction of the
required mean acquisition time as compared to general search schemes. In addition, we observe that the proposed
TSS-LS achieves quite good bit error rate performance for large signal-to-noise ratios, which is favorably

comparable to the case of ideal perfect timing.
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3, oE 5ol m =3%Y A N=287/19 BinE
TEIL olE URHAQl olWeE Yehfw ofefet
[e]

Zo] Linear B duEFolAel B A
0,1,2,3,4,5,6,7}2 4& 5 ok

Binary : 000,001,010,011,100, 101,110, 111
Decimal : (0) (1) (2) (3) (4) (5) (6) (7)

Wb o]ol] Bit Reversing $I2HS- 28314 =W
o= 2ol Az 24 £A {0,4,2,6,1,5,3,7}

E
= 2e F 3 0

Binary : 000,100,010,110,001,101,011,111
Decimal : (0) (4) (2) (6) (1) (5) (3) (7)

o]#3} Bit Reversal § &arz]Ee] o)<l
B 57185 AREe et 2ol el 4 v
[8].

E(T)=%(%+1) (13)

o Yol UWB 4l5e] 57|85 s s
8] Bit Reversal B  JugEL  AE3SH
Double-Dwell B4 7]H[10]S z2d 4 t} o]
22 7PHE Alse] B85S St F e 3
WNE BAll ARESH, ZHte] Al AA ©

A gHds Aito g bro] £Y¥AHOF Bit Rever-
duelES 88k BaS FHsH "o o
gt 7 7he B 8 F o= sl F
o ARG AW FAS FESH dok

o o

sal

IV. TSS-BS ¥ 1% mplz| SrjElse 93t
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of vlsl F w 7} s, oS s
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o] A 7o gk BI85 55 a9Fo
2 A = Y TSS-BS B4 7S [9]94]
Aekat vl gtk TSS-BS 7|He 7|BAoz T o
AR FAE Jat, A7 dACME A2 oE
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I ofr
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AMS3R= Single-Dwell W28 H831A Hrt o]
gk TSS-BS B 7oA s} FHA TA| <]
Exe 27 UdSAE AddA da Ad ke
el Eehs ole] Bin #1A]o Wi B4 % F
F dlolg x5 A% A4 Js 5719
aejEg o] FHE ARESH HW WA o
o8l A% Aol 9 BinolMd 2UaY
3 & A, FHA DA o8 HEAQL
AR Lso FEES & F
7185 AHE 2o g Y 4 A "ok
TSS-BSell thall Fo] AlF-2os Auum, WA
AR DARNN 9 dAGS o83t Bit
Reversal 4 <de]&S 83 Single-Dwell
& &4 TP e & Yol 7 nsec?] HA
24 T2k NolA B 911 (ol wet “rjgkE e
2 (Roughly)” F4gtt o]o} Sl IS 743
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>3 Jll‘l
2
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-0+ 1,0, Vo W 2] 209 A
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A TN L9 gk 7T B71852 4

3] Bit Reversal B4 4a18]&S F835ke] “A|U3)
(Fine)” kAl ®ch o] wf, A dAlolA A
B UFAE Aol EAlske J 71 FHA
Al digh gzl dutom FgE Ho AA
AP OHT Fotok FTHI).

olgfgt F wHA B JRAA B85 £59)
BER 352 27 AdARet FHA Aol
A Ze-Eok TSS-BS+ 30A @Al ozt +
HA| DA AE Bit Reversal &118]5S AFESHI
Hed, ol 9520 E gaEs F 719 Bin 2H
AnlE Amsere AED B4 AT Ak o
ZAl TSS-BSelME FHAl @Az o]st Bit
Reversal ¢ilg]ES Bt A€o Ha %%‘i
AA Frlel HedA dWHES 57185 SHE
A =HEZ ue wE 5785 s 3 He
e, A8 g2 A Fake] W AHs AAE
FAA EstA d 7Fsidel EAlBHAl "k A=
TSS-BS 7I%ol 93l AAE 7185 SIXoM*
H 05742 Aes A3t 98l Rake FEHY
A71E AME3OhE, 41718 BER A5 €3ks I3
F A BE gt

olo] £ =ioXe AR Ad S0A

>

dov e

EN
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UWB A|ZHlS 93t 1149 57
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Zro] T gAA F e e A
ALgEH Pk 23y TSS-BSeh= thEA| TSS-LS
ME AR AdY HE Ad HHNA W
e A ARS AEs] 2] 8 A @
AlolA Linear 4 d112j&S H&5HA dck 2
HEZ TSS-BSelAe} Zo] Al dAldA= Al
5 Ag¥o] gl= BinddlAe] Bt sHS 5
o2 IS HER 149 FVE5 Hes fr
A&k 4= 31, TSS-BSolAM 9} th=A #HF9] 5
5% A74shs FHA dAoA Linear B4& ALE
o=
O

tot
A
J

&
it
Ho
N

»
2
R

ol wel A7 AdY AS FE 9 X

NN F7E F5IA Ho AR 4vs &7
oz A 4 3ol BER A5S /MAAE
e Aoz ZdEtt ® 19E 71¥2 TSS-BS¢}
ARk TSS-LS9| Als F7185 dudsEs A
St ok E3 a7 30lME IukE<Ql Single-
Dwell Bit Reversal &4 7|¥i3} b TSS-BS %
AFE TSS-LSO] 7|85 #H2ld st o& &
o] ¥ln Awsia Qi

1At = A B daelEe) A

kI

STEP 1 : Rough search

@ Search “roughly” all bins in a frame 7; by bit
reversal algorithm using the first threshold 7.

@ Estimate a signal bin e{®

which is any position
in the range of effective delay spread (© bins) of

the multipath channel within the given frame.

STEP 2 : Fine search

@ Assign new search window 7] f’ of size 20 bins
around €/ as €™ — O +1, , Mo,

@ Search “finely” the selected 2@ bins in the newly

allocated window by “bit reversal algorithm”

(TSS-BS) or “linear algorithm” (TSS-LS) using the

second threshold I}, (< I7).
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= 1% 12159 UWB 415 571855 A% 4E 7 A 34 7
'@;l:ncral Single-Dwell Bit Reversal Scarcl'-!._')i J—]—E]—U] E1 T, 1__ 0.3813 I]SCCi Xéﬂ Oiq 1_
Target position Tor the 7HJ\] 0]— E___‘J—-_A]-O]Z- 2 )\‘4 ﬂ7] - 1 e /\% /%]%

Jinterval
final signal acquisition

Threshold

N

Reference
signal
K Threshold
|
|
7
—_— Two-Step Search —

First Step

Reference

—r |

The newly assigned window for the ?}
second step considering the elfective
delay spread of the multipath channel

Sgreerer T, coseid
! First threshold

Second Step

Signal acquisition position

“Hegard the random position as the starting point
s the range of efective multipath delay spread™

Signal acquisition position

“Find ihe starting point correcily in ihe effective
multipath delay spread by the linear search™

| Linear scarch |

2l 3. IukH9l Single-Dwell Bit Reversal B4 7|93} F
9AZ FAEE TSS-BS 2 Aok TSS- LS-4 571954
gt o

V. 2ojdy At

2IHES Hs AR Aid EPEA4 IEEE
802.15.3a UWB Ad =4 CMI1~CM4[11]E 11¥
SHATE A71A A 2-elA B A& ARES
T.,=T,(= 27,)2 7Mgalgemnz 7} Ad JF
2 S 0.7626 nsec THZE AZSHYIIH, B~

— O
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o] & 127702 ST9).

A Ha 57185 AIRE B s Als
t#5H] (Signal-to-Noise Ratio; SNR)7} wl-¢- 2,
5 ool e AR Ad 34s HEskaTth
A ZEd 73t 1) = "dsAd=ed o3 2= 3
3)5}7] 98l 1000 nsec® FE3| E A=
ow, &4 7+s Wl 9% Bin® & N

81925 Ittt =g F WA g ke
71&2] TSS-BS9} Ak TSS-LSE 913+ WA
Al el A I3 FHA Al A=
BRIEke] 37] 20 R 2049} 2ol F3 HES
o] &3ttt o7IA FHA dAlelA e B4R 20

o Z7ke AWA BAGIAY YA Iol we A
5 OERE ARl BASK: J e 399 =
9T ¢ Y Axo) HAr) A9 4 0= 23
9ick
2 F WA BS993 A A 3 S A4
&
Ad =2d | ARA AR d) | BN T 0)

CM1 5.0 512

CM2 5.0 512

CM3 5.0 1024

CM4 5.0 2048

I 408 Ad 29 (CM1~CM4)3} kst
AAZE T (°] 2 TSS-BS9} TSS-LSolA 1,9}
FY)oll thsle] dukEQl Single-dwell Bit Reversal
g 7PHT TSS-BS 2 AR TSS-LSS] J/No
g AstE Ha 57185 AR E(7)/NE H
wsle]  Jepdh o] I#elAE=  Single-Dwell
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