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Efficient Receiver Design Based On Block-Coded Correlator Scheme
for UWB-IR
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Abstract Noncoherent receivers are favored for block-code-modulated ultrawideband impulse radio (UWB-IR)
systems because of their low implementation complexity compared with coherent rake receivers. However, existing
noncoherent schemes, such as transmitted reference (TR) systems and averaged differential receivers (ADR), suffer
from performance degradation and energy efficiency loss. Codeword matching and signal aggregation (CMSA) is a
low complexity noncoherent receiver for UWB-IR. As the frame/symbol duration is shortened to boost data rate,
interframe interference (IFI) or intersymbol interference (ISI) occurs and degrades the detection performance of
CMSA. In this paper, block coded correlator which consists of the delay components and the reference signal is
proposed to improve the performance of the receiver. Simulation results show that the proposed system leads to the
better performance compared to the conventional CMSA receiver.

Keywords : UWB (ultrawide band), interframe interference (IFI), inter-symbol interference (ISI), Block Code Modulation
(BCM), Correlator
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g 54 SAE BYehy] Ag e vE e FEES wole AR ALEUT 9]
Atele] HAMIEE & 4 gl udgR HlEY B =l AE BCM Aoz ST of, He] &
(Noncoherent) "-41°] #ISF 21t [1,2]. Aok @AM, 74 e e sk, dak

Fig. 1(a):= 7| 21 (Reference Signal)e WA A & [9]0A Ak el (1) AE#Q TR 2ol A AL
&, AAA Ty Foll 4R A5 (Data Modulated &5 8% 7E 4155 $4l8k= diilel BCM $41
SignahE  A$st= AEHY TR (Transmitted A5 A WA 455 7|5 AER 3}al, (2) ATROIA]
Reference) 841 WERITE [3]. Fig. 1(b)s} 2ol s AR&H= o8] 7l9) 7|E 4AeE Hifsto] wmo]=E Al
A1 TR AN 71& A% dialel ojdel Bl As  Asks 7IHE AFESkL, (3) BCM WAolA Abgdh
& 7|F2=2 3} A% TR (Differential Transmitted EEIEE A85to] E5 = 3] ke A5
Reference: DTR) W40 2 A 85 Fol& Wo]  Aeksith
A A [4]. thE HgA o RE, V) A5 o
= IS AAs] Slste] V& AEE AET o, o
el 71E AzE Akl Wit ghs Fdhs Wit TR 2. H=E

5

L

(Averaged Transmitted Reference: ATR) *-2]o] =<k

of A% P oIFUT} [5]. ahtel MES FAGH:
of2] 7le] a2l tjsiel, DTRS A &ate] %58 3

A A7 ZY Y 4= 25 TR (Frame Level Differential
Transmitted Reference: FDTR) 5-¢] H]%5”] UWB-IR
A=Eo] £ foto g AotH UL} [6].
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Table 1. List of Key Variables

Notation Definition
T T symbol time duration
/\ h T, pulse time duration
U Reference signal U Data modulated signal T frame time duration
(@) TR a binary orthogonal block code for ith symbol
- for j th fi inith |
Reference Signal Data Modulated Signal al’] code for /" ame in 1 ¢ symbo
IanItZ In Blt.z N the number of frames in a symbol duration
Bit1 Bit 2
T T E, transmitted energy for a pulse
(\ [\ [\ ) energy normalized gaussian mono pulse waveform
T T T
Reference Signal Data Modulated Signal
In Bit 1 InBit1
(b) DTR 211 45 2™
Fig. 1. Transmitted Signal for the Conventional e e
Transmitted Reference Systems ‘ T
(Y Ll by
QoA Auek thekd TR WA A4 g8&o] # T U U I U T U
2EE gz o]lL3l= . . .
offt =5 =S ol8shs BCM (Block Coded Fig. 2. Illustration of BCM Signals in case of Block
Modulation) &2 FA8= A9, 4 WAHo= Length N=4
CMSA (Code Matching and Signal Aggregation) 7]
o] AIgkE] o] ok A5 Bl Fu} [7]. CMSA % Fig. 23 UWB-IR AJ2=gle] 48 BCM 21&5 1}
2] H|E 9 & (Bit Error Rate: BER) ZWoj4] ATRo]  EPHTh Tro Ze9l 74h2 BAIShL, T A2 74bs
U} FDTR 4] W} 958 459 Hel Fu gir) (8], HERITh =5 271 N=4 o]aL, 270¢] &5 FAsl
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XE E a71k5

n=1k=1
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< AEg Alojrk.

n - Tnk) (2)
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BCM 2l&%= Fig. 29} 7] d%E
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o N-1
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i=—00j=0

=p(t)*h(t) = p®) hn)o] LA
oItk n(t) &= A= 7}N/2 ol WA 719 X9 7o

a;= arg, max J, “)
T+ N T,
s= [ aropar ®)
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Table 2. Parameter Settings for the IEEE UWB
channel Model

(a) Definition for Notations

Notation Definition

A the cluster average arrival rate

A the pulse average arrival rate

r the power decay factor for clusters

y the power decay factor for pulses within a cluster

o the standard deviation of the fluctuations of the channel
< coefficients for clusters

o the standard deviation of the fluctuations of the channel
¢ coefficients for pulses within each cluster

[ the standard deviation of the channel amplitude gain

(b) Parameter Settings for Notations

Scenario CM1 CM2 CM3 CM4
A (1/nsec) 0.0233 0.4 0.00667 0.00667
A (I/nsec) 2.5 0.5 2.1 2.1

r 7.1 5.5 14 24
¥ 43 6.7 7.9 12
¢ 3.3941 3.3941 3.3941 3.3941
o 3.3941 3.3941 3.3941 3.3941
[ 3 3 3 3

212 BCM 4135 BXx3517] 9J5te, 715
& 243 B & Tk 2ol T

Xﬂ Jé}% lels
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1
H(t)= 74 ;
0 otherwise
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71% A5E gshed AMEE T, % 3
71 918t Ny M9 ZEQle s 2o ATR W
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53 ﬁz)ﬂ_i’é‘ 7)Z rde) /\‘]7;:51— e1—1,1} © I | ]
3 AR EE ()7 2ol FABT. a e {—1,1) ol o T 8|
7] Wil 71 AR S $14 A ol7] (Phase Shifter) : : g
o} AIZF A|A 222} (Delay Component)E AHS-5ko] Fig. ? m—:_
as} 2ol 7d B % vk ] ] 7
N1 Tsmpl[a}lj;jenﬂsvatm
. —3 P < N—
(1) = Eal‘]]{r(t §T;),0<i<N—1 o . .
=1 Fig. 5. Receiver Structure for Proposed System
0 otherwise
 Fip 45 AGBHE 85 2 A2 B0 7
2 hehie). 4 (6)el SJsl Qojal A% AT
o 4 oyl 20] =5} AQLAS Age4el 25
53 AANEE WA NAje] B2 REsl AR
l e AZ = Fig 59 7EL°] TNz} AHTE AN Lo
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< S k- Al: arg, max J, ®)
H () T
reference
template T,+ N Ty )
Fig. 3. Reference Template of Received Signal when 4 :/ T [ (¢)r(e)Fdt ©)
block length N=4 and codeword a; = [1 1 -1 -1] ’ }
(8)F} (9)2 Fasl= F217]%= Fig. 59 o] 148
T AT
2.4 ZOIMH
5 | ™ 241 DoAY A
Rojdoel AHEE H2ntE 2 I aEE [11]00A A
4% "2 938 (Gaussian doublet)S o] &3ttt A
— gl L& 7, = 0.5 nsec 2 317] $15k4] 2] (10)o)4]
] t = 0.25 nsec® AR&3}TE
t 2] —or
H, w(t) [1—471'(—) ]e ( ) (10)
= "
A 2&e IEEE 802.15.3a XFollA Aask Ad
i vl Folx dwtdew Aol g F& LOS
e — (Line-Of-Sight) #74S vehlie Ad =22 CcM1¥
[ ] NLOS (Non Line-Of-Sight) 3+ Fol|x] 7}4 detst
A :g],ﬁo XHL" 1:1:41 CM4E /\]—»9—0]— 1:]_
_,_é s —‘ﬁ,ﬂb DA/\] 3] oﬂ}ﬂ ZH L-Hjt'ﬂv,] *"]EH ]?j E’]{}\‘J_' (Delay
. Spread) < 100 nsec = S+ A5HHE £59
g' A7) N, B3] FHS AAske o9 A 1A T
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Fig. 4. Generator Structure of Block Coded Template
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Table 3. Simulation Parameters

Name Parameter Settings

Gaussian Doublet
s

Pulse Waveform

1)2}(;2%%)

w(t) = [1747r

t = 0.25 nsec

Channel Model CMI (LOS), CM4 (NLOS)

Max. Delay Spread 100 nsec

Block Length N 2/4/8

Frame Duration Ty 10/20/40 nsec

Bit Energy to Noise Ratio Ey/N, 0/5/10/15/20/25/30 dB

# of Averaging s

Na

242 RO|ME ZHuEAM

Rojdgel AAE A8 Aste], A (4% (5ol
o] gt Wal2 CMSA wWlolgkar shar, 4 (8)a) (9)el <
g wals At W9l BCC  (Block  Coded
Correlator) W22 i3}t

3T

Fig. 62 A'd 29 CM4 oA, =
nsec ©]3 EF AV N=4 ¢
7 Aleke BCC A Abol <]

A AMEE ] EAl= AlekE BCC

g AIZE Te = 20
, 7159 CMSA 4
s+ et Fig. 590
Aol Ny =1 ¢ o,
2 (19 71E AARSE she] AEAR HdS
o] Aes Uitk o] B9 Aes AFEH, At
d wao] EyN, 7} 17 dB Bt} ¥ SNR (Signal to
Noise Ratio)ol| A=, CMSA RT} AdEo] Hojx| i,
17dB Ht} #2 SNROJA = CMSA Ho} £2 452
UERITE 17dB olgtellAE 713 ARAES] o
g3k wiol 71E2 CMSA 49 Asol $-4751%
L}, o]l S557] Astel Ny =5 2 571 AlA
o] g7E 7AW, Bojdd A= BE SNRY
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Fig. 6. Performance comparison between BCC (Na=1,

5) and CMSA under channel model CM4
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Fig. 7. Performance comparison between BCC (Na=1,

5) and CMSA under channel model CM1
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Fig. 8. Performance comparison between BCC (Na=5)
and CMSA in case of Tr = 10 nsec under

channel model CM4
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] +CSMA cm1

Fig. 9. Performance comparison between BCC (Na=5)
and CMSA in case of T = 10 nsec under
channel model CM1
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Fig. 10. Performance comparison between BCC (Na=5)
and CMSA in case of Tr = 40 nsec under

channel model CM4
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Fig. 11. Performance comparison between BCC (Na=5)
and CMSA in case of Tr = 40 nsec under
channel model CM1
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