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Abstract

Ultra wideband (UWB) communications uses a wide range of spectrum, typically 3.1 -
10.6 GHz, to transmit low powered (below 41.3 dB m), ultra-short (0.2 — 1.5 ns) pulses
through the air. UWB technology can provide unique and attractive features, such as ultra-
high-speed data rates, and ultra-fine time resolution for precise positioning and ranging.
This work studies and evaluates the bit-error-rate (BER) performance of UWB time-
hopping communication system with pulse position modulation (TH-PPM) as well as
direct sequence pulse amplitude modulation (DS-PAM) with low-complexity RAKE
reception in dynamic UWB channels. The study includes both the IEEE 802.15.3a and
underground tunnels in UWB coal mine channels. The studied receivers are partial- RAKE
(P-RAKE) and selective-RAKE (S-RAKE), and are compared to optimal All-RAKE (A-
RAKE) receivers. Numerical results show that TH-PPM UWB and DS-PAM systems with
low-complexity RAKE receivers are good candidates for communications in the IEEE

802.15.3a as well as underground and coal mine tunnels.



3G
AWGN
AVCE
BER
BPSK
CDMA
DS
DSSS
DVD
EGC
EIRP
ETSI
FCC
FH
FIR
FDMA
GPS
GSM
GPR
IEEE
I-UWB

LAN
LOS

MC
MRC

LIST OF ABBREVIATIONS

Third Generation

Additive White Gaussian Noise
Audio and Video Consumer Electronics
Bit Error Rate

Binary Phase Shift Keying

Code Division Multiple Access

Direct Sequence

Direct Sequence Spreaed Spectrum
Digital Versatile Disk

Equal Gain Combining

Effective Isotropic Radiated Power
European Technical Standard Institute
Federal Communication Commission
Frequency Hopping

Finity Impulse Filter

Frequency Division Multiple Access
Global Position System

Global System For Mobile

Ground Penetrating Radar

Institute Of Electrical And Electronics Engineers
Impulse-Ultra Wide Band
Impulse-Radio

Local Area Network

Line Of Sight

Multiple Access Interference
Multi-Carrier

Maximal Ratio Combining



NLOS
OFDM
OOK
PAN
PCS
PC
PDP
PHY
PSD
PPM
PVRs

SNR
TDMA

UMTS

U-NII

UWB

WUSB

Multi-User Interference
Non Line Of Sight
Orthogonal Frequency Division Multiplexing
On-Off Keying
Personal Area Network
Personal Communication Services
Personal Computer
Power delay profile
Physical Layer
Power Spectral Density
Pulse Position Modulation
Personal Video Recorders
Radio Frequency
Signal To Noise Ratio
Time Division Multiple Access
Time Hopping
Universal Mobile Telephone System
Unlicensed-National Information Infrastructure
Ultra Wideband
Wireless Local Area Network

Wireless Universal Serial Bus



LIST OF FIGURES

Figures Caption
2.1  Narrowband (NB) and Ultra-Wideband (UWB) Spectrums
2.2 Power Spectral Density of an UWB signal compared to noise floor
2.3  Comparison of Short-Range Wireless Spatial Capacities
24 FCC (Federal Communication Commission) and ETSI (European
: Telecommunications Standard Institute) UWB specification
25 FCC spectral mask for (a) indoor and (b) outdoor systems
2.6  Wireless systems operating in the same bandwidth as UWB
Study groups of IEEE 802.15 and their respective focus for developing
2.7
WPANs
2.8  Gaussian monocycle pulse and its spectrum
2.9  Raised Cosine and its energy spectrum
2.10 Second (received) derivative Gaussian pulse and its spectrum
211 PAM modulation
2.12 OOK modulation
2.13 PPM modulation
2.14 BPSK modulation
2.15  Theoretical Probability of Bit Error Rates for OOK, Binary PPM, and Biphase
Modulation
2.16 Multiband OFDM frequency band plan
2.17 Comparison of impulse and multi-carrier UWB spectrums
2.18 PC clusters interconnected through USB
2.19 Entertainment cluster
31 System model for a single-user UWB communication
3.2 Signal correlation

page

11

12

13

14

17

17

18

19

19

20

20

21

22

23

28

28

30

32



33

34

35

3.6

3.7

38

39

3.10

311

312

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

Optimum receivers for AWGN channels

Optimum receiver for orthogonal 2PPM

Optimum receiver for orthogonal 2PPM-TH

2PPM-TH optimum receiver scheme based on a single correlator
Average probability of error prb for binary orthogonal PPM
Optimum receiver for orthogonal M-PPM with TH

Optimum receiver for antipodal 2PAM

Optimum receiver for antipodal 2PAM-DS

Average probability of error for binary antipodal signaling
Optimum receiver for M-ary PAM

Altemative scheme for the optimum receiver for M-ary PAM
Transmitted 2PPM-TH signal of two pulses

Signal after 10 meters propagation over free space

Signal (Eb/No=0dB)

Signal (Eb/No=10dB)

Signal (Eb/No=20dB)

Signal (Eb/No=30dB)

prb vs.Ex/No

prb vs.Ex/No for 22PPM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3 soft )
case A

prb vs.Ex/No for a2PPM-TH&2PAM-DS with (Ns=1)case A

prb vs.Ex/No for a2PAM-DS-UWB with (Ns=1,Ns=3 hard ,Ns=3
soft)caseA
prb vs.Ex/No for a2PPM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3
soft)caseB

prb vs.Ex/No for a2PPM-TH&2PAM-DS with (Ns=1)case B

prb vs.Ex/No for a2PAM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3
soft)case B

vi

32

33

34

34

35

36

36

36

37

38

38

39

39

39

40

40

40

41

42

42

43

43

44



3.27
3.28
3.29
3.30
3
332
333
334
3.35
3.36
3.37
3.38
3.39
3.40
KX 3 |
342
343
3.4
345
3.46
347

3.48

prb vs.Ex/No for a2PPM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3

soft)caseC

prb vs.Ex/No for a2PPM-TH&2PAM-DS with (Ns=1)caseC
prb vs.Ex/No for a2PAM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3

soft)caseC

prb vs.Ex/No for a2PPM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3

soft)cased

prb vs.Ex/No for a2PPM-TH&2PAM-DS with (Ns=1)caseD
prb vs.Ex/No for a2PAM-TH-UWB with (Ns=1,Ns=3 hard ,Ns=3

soft)caseD
Typical PDP for S-V channel model

RAKE receiver with N parallel correlators

RAKE receiver with N parallel correlators and time delay units

RAKE receiver for discrete-time channel models
Channel impulse response for case A

Discrete Time impulse response for case A
PDP of the channel impulse response
Histogram of the amplutide gain for case A
Channel impulse response for case B

Discrete Time impulse response for caseB

PDP of the channel impulse response for case B
Channel impulse response for case C

Discrete time impulse response for case C

PDP of the channel impulse response for case C
Channel impulse response for case D

Discrete Time impulse response for case D

vii

45

45

46

46

47

50

53

53

54

54

54

55

55

55

55

56

56

56

57

57

58



349

350

351

352

353

354

3.55

3.56

3.57

3.58

359

3.60

3.61

3.62

3.63

3.64

3.65

3.66

3.67

3.68

3.69

3.70

PDP of the channel impulse response for case D
Channel impulse response for case A
Compares the performance of the five analyzed RAKE receiver (PPM-TH)

Channel impulse response for case A

Compares the performance of the five analyzed RAKE receiver (PAM-
DS)

Channel impulse response for case B
Compares the performance of the five analyzed RAKE receiver (PPM-TH)

Channel impulse response for case B

Compares the performance of the five analyzed RAKE receiver (PAM-
DS)

Channel impulse response for case C

Compares the performance of the five analyzed RAKE receiver (PAM-
DS) '

Channel impulse response for case D
Compares the performance of the five analyzed RAKE receiver (PPM-TH)

Channel impulse response for case D

Compares the performance of the five analyzed RAKE receiver (PAM-
DS)

Channel impulse response for case D

Compares the performance of the five analyzed RAKE receiver (PAM-
DS)

Data packet structure

Pilot Sequence of pulses for signal

Time Delay 0f the signal pilot

Received Sequence at the input of the correlator in case 0 dB

Received Sequence at the input of the correlator in case - 10 dB

viii

58

59

61

61

62

64

64

65

66

66

67

68

68

69

69



3.n

3.72

3.73

3.74

3.75

3.76

3.7

3.78

3.79

3.80

3.81

3.82

3.83

3.84

3.85

3.86

4.1

4.2

43

44

45

4.6

4.7

4.8

Correlator output ,corresponding to - 10 dB

Correlator output ,corresponding to 0 dB

Correlator output ,corresponding to-10 dB

Channel impulse response for LOS propagation -case A

Discrete time channel impulse response for LOS propagation -case A
Received signal at the input of the correlator in case 50 dB

Channel impulse response for NILOS propagation -case C

Discrete time channel impulse response for NLOS propagation -case C
Received signal at the input of the correlator in case 50 dB
Correlator output ,corresponding to 0 dB

Symbol model for the asynchrounous system under investigation

Comparison of 6 Vs.¢ for binary PPM and PAM

Comparison of For binary orthogonal PPM and binary antipodal PAM in

case A (5 users)

Comparison of For binary orthogonal PPM and binary antipodal PAM in

case B (20 users)

Comparison of For binary orthogonal PPM and binary antipodal PAM in

case C (50 users)

There cases interference (cases A & B & C)

Schematic representation of UWB channel Mode

RAKE receiver

MRC ARAKE receiver model

Performance of 2PPM-TH-UWB(LOS)

Performance of 2PAM-DS-UWBand2PPM-TH-UWB (LOS)
Performance of 2PAM-DS-UWB (LOS)

Channel impulse response

Compares the performance of the five analyzed RAKE receiver (PPM-
TH)

69

70

70

70

7

7

71

72

72

72

74

75

71

81

83

87

89

89

90

91

91



4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

Channel impulse response

Five analyzed RAKE receiver (PAM-DS)

Performance of 2PPM-TH-UWB (NLOS)

Performance of 2PAM-DS-UWBand2PPM-TH-UWB(NLOS)
Performance of 2PAM-DS-UWB (NLOS)

Channel impulse response

Compares the performance of the five analyzed RAKE receiver (PPM-TH)

Channel impulse response

Compares the performance of the five analyzed RAKE receiver (PAM-
DS)

92

92

93

94

94

95

95

96



LIST OF SYMBOLS

ru(t) Attenuated and delayed version
« Channel gain

B Bandwidth at -10 dB

T Channel delay

€ Time shift
n(t) Additive noise

B Bandwidth of UWB

X Gaussian random variable

Erx Transmitted energy per pulse

Sm(t) Transmitted waveform

ok Channel coefficient

Th-1 Time of arrival of the N-Th and the (N-1)-Th clusters
Tin Max time delay spread of the multipath channel
Su 10 High frequency at -10 dB

Si_vom Low frequency at -10 dB

Hnk Mean

Onk Standard deviation

h(t) Impulse response of the channel

A The cluster average arrival rate

xi



n(t)
p.
Tp
r(f)
Bk(t)

og

The pulse average arrival rate
Power delay factor for cluster
The power delay factor y for pulse within a cluster

The standard deviation of the fluctuation of the channel

coefficient for the clusters.

Path number

Gaussian noise

The BER

Time resolution ratio

Received signal

Path response intension

The standard deviation og of the channel amplitude gain
Number of clusters observed at destination
Amplitude of the j-th transmitted pulse.
Time dithering associated to the j-th pulse
Average pulse repetition period

The standard deviation of the fluctuation of the channel

coefficient for pulse within each cluster

Number of branches of the RAKE receiver.
Weighting factor

Arrival time of the nt* cluster

Received number of multipath in the n®* cluster

Discrete random variable

xii



poo Represents the average energy
err(t) Signal loss
r'@®) Captured by the a RAKE receiver

T, Observation interval

xiit



LIST OF TABLES

Table. Title

21

22

23

31

4.1

Table showing short-range wireless properties
FCC emission limits for indoor and outdoor UWB transmission
Features and benefits of UWB in entertainment and PC environments

Parameter settings for the [EEE UWB channel Model

Channel parameter (LOS)

Channel parameter (NLOS)

Xiv

Page

12

29

52

82

87



TABLE OF CONTENTS

ACKNOWLEDGEMENT
ABSTRACT

LIST OF ABBREVIATIONS
LIST OF FIGURES

LIST OF SYMBOLS

LIST OF TABLES

TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION

1.1 Introduction
1.2 Objective of Thesis
1.3 Organization of Thesis

CHAPTER 2 OVERVIEW OF ULTRA WIDEBAND SYSTEM

2.1 History of UWB
2.2 Definition of UWB
2.3 UWB Standards Activities
2.3.1 Standards definition
2.3.2 UWB IEEE 802.15.3a standard
2.4 UWB technology
2.5 Waveforms
2.5.1 Gaussian Monocycle
2.5.2 Raised Cosine pulse
2.5.3 Pulse shape selection
2.6 Modulation techniques
2.6.1PAM
2.6.2 O0OK
2.6.3 PPM
2.6.4 Antipodal Modulation (BPSK)
2.6.5 BER

ii

iii

Xiv

XV

10
11
13
15
16
16
17
18
18
19
19
20
20
21



2.7 OFDM Modulation
2.8 Types of UWB System
2.9 THE IR-UWB

2.10 Advantages of UWB

2.10.1 High Capacity

2.10.2 Multipath Robustness

2.10.3 Position Location Capability
2.10.4 Low Transmission Power
2.10.5 Low Implementation Cost
2.10.6. Multi-Access Capability

2.11 Disadvantages of UWB

2.11.1 Power Limitation
2.11.2 Synchronization

2.12 Applications

2.12.1 Wireless PC peripheral connectivity
2.12.2 Wireless multimedia connectivity for AVCE devices
2.12.3 Cable replacement and network access

for mobile computing device

2.12.4 Ad-hoc connections between UWB-enabled devices

CHAPTER 3 THE UWB CHANNEL AND RECEIVER
3.1 Multi-Path-Free AWGN Channel

3.1.1 The Isolated Pulse Receiver for Binary Orthogonal PPM
3.1.2 The Isolated Pulse Receiver for Non-Orthogonal Binary PPM
3.1.3 The Isolated Pulse Receiver for Orthogonal M-ary PPM

3.1.4 The Isolated Pulse Receiver for Binary Antipodal PAM

3.1.5 The Isolated Pulse Receiver for M-ary PAM

3.1.6 Receiver Schemes for Multi-Pulse Signals

3.2 Propagation over a Multi-Path-Affected UWB Radio Channel

3.2.1 The Impulse Response
3.2.1.1 The power Delay profile (PDP)
3.2.2 The Discrete Time Impulse Response

21
23
24
25
25
25
25
25
25
25
26
26
26
26
26
27
29

29

31
33
35
35
36
37
38
48
48
48
48



3.2.3 The UWB Channel Model Proposed by the IEEE 802.15.3a
3.2.4 Temporal Diversity and the RAKE Receiver
3.3 Synchronization Issues in IR-UWB Communications
3.3.1 Signal Acquisition
3.3.2 Tracking
3.4 Multiple Access and Multi-User Interference
3.4.1 Multi-User IR-UWB System Performance Based on the SGA
3.4.2 Binary Pulse Position Modulation with THMA: 2PPM-THMA
3.5 Binary Antipodal PAM Modulation with THMA: 2PAM-THMA
3.6 DS-UWB

CHAPTER 4 MINE CHANNEL

4.1 IEEE UWB Channel Modeling

4.2 Underground Mine UWB Channel Modeling
4.3 UWB Signal Receiver Structure

4.4 Coal mine tunnels

4.5 Channel Modeling

4.6 Performance Result

CHAPTER 5 CONCLUSION AND FUTURE WORK
5.1 Thesis Conclusion

5.2 Future Work

References

Arabic Summary

xvii

49
52
67
67
67
73
73
73
74
75

79
82
83
84
85
88

98
99

100
104



(11

(21

(31

(4]

(3]

(61

(7

(8]

(91

[10]

REFERENCES

lan Oppermann, Matti Hamalainen., "UWB Theory and Applications”, Wiley and
sons, university of Oula-Finland, 2004.

M.Ghavami, L.B.Michael., "Ultra Wide-band Signals and Systems Communication
engineering”, Wiley and sons, King's college-London, 2004.

H. Mei, "Modeling and Performance Evaluation of a BPPM UWB System (M.Sc
. thesis)," Delft University of Technology, July 2003.

M. Z. Win and R. A. Scholtz, “Ultra-wide bandwidth time-hopping spread-
spectrum impulse radio for wireless multiple-access communications,” IEEE

Transactions on Communications, vol. 48, no. 4, pp. 679-691, Apr 2000.

M. Ghavami, L. B. Michael.ultra.wideband.signals.and.system.in.communication,
John Wiley & Sons, 2007.

G. F. Ross. Transmission and reception system for generating and receiving
base-band duration pulse signals without distortion for short base-band pulse

Communication system. US Patent 3,728,632, April 1973.

Time Domain. http://www.timedomain.com.

XtremeSpectrum. hitp://www.xtremespectrum.com.

Meo Z.Win, Senior Member, IEEE, and Robert A.Scholtz, life Fellow, IEEE,
“Characterization of Ultra-Wideband Wireless indoor Channels: A
Communication-Theoretic View”, Paper, [EEE JOURNAL OF SELECTED
AREAS IN COMMUNICATIONS, VOL.20, NO.9, DECENBER 2002.

Rick Mathieson,”band' of brothers”, mpulse magazine, Oct02,

www.cooltown.hp.com/mpulse/1002-firefighters.asp.

100



(11}

[12]

[13]

(14]

[15]

[16]

[17]

[18]

{19]

{20]

{21]

David G Leeper, “Wireless Data Blaster”, Scientific American, May 2002

M. Ghavami, L. B. Michael and R. Kohno,"Ultra Wideband Signals and Systems in
Communication Engineering" John Wiley & Sons, Ltd, 2004, ISBN 0-470-86751-5

J. Reed, Introduction to Ultra Wideband Communication Systems, Prentice Hall
Press, 2005.

Q. Zhang and Y. Lian, “A novel low power synchronization scheme for UWB IR
architecture,” in Proc. IEEE International Conf. on Ultra-Wideband, pp. 551-5535,
October 2009.

I. Opperman, M. Hamalainen and J. Iiatti, UWB Theory and Applications, John
Wiley & Sons Ltd, 2004.

R. Gharpurey and P. Kinget, Ultra wideband: Circuits, Transceivers and Systems,
Springer Science + Business Media, 2008.

M. Ghavami, L.B. Michael and R. Kohno, Ultra Wideband Signals and Systems in
Communication Engineering, John Wiley & Sons Ltd, 2007.

IEEE Standards. hitp://www.icee802.0rg/15/pub;.

Nicholas Cravotta, " Ultra-Wideband Technology" October 17, 2002 .
R. Kolic, Ultra Wideband - the Next-Generation Wireless Connection,
DeviceForge,February2004.[Online].Available:

http://www.deviceforge.com/articles/AT8171287040.html.

J. H. Reed, An Introduction to Ultra Wideband Communication Systems, Prentice
Hall, USA, Mar. 2005.

101



(22]

[23]

[24]

[25]

[26]

(27]

[28]

(29]

[30]

M. Benedetto, T. Kaiser, A. Molisch, 1. Opperman, C. Politano and D. Porcino,
UWB Communication Systems: A Comprehensive Overview, Hindawi Publishing
Corp, 2006.

Maria Gabriella Di Benedetto , Gurerino Giancola,"Understanding ultra wide
band radio fundamentals", prentice Hall , 2004.

Abdellah Chehri, Paul Fortier, Pierre-Martin Tardif, “Frequency domain analysis of
UWB channel propagation in underground mines” IEEE Conference -1-4244-0063-
5/06 ©2006

Abdellah Chehri, Paul Fortier, Pierre-Martin Tardif “Measurements and modeling
of Line-of-Sight UWB channel in underground mines” IEEE GLOBECOM 2006

proceedings

Wang Yanfen Zhang Chuanxiang, “Multipath Channel Model in Underground
Mining UWB LOS Environments,” IEEE Conference 978-1-4244-3693-4/09/
©2009

Jeff Foerster, “Channel Modeling Sub-committee Report” Final IEEE P802.15
Working Group February 2003

SUN Yanjing, PENG Li, LIU Xue ,“Wireless Channel Model of UWB for
Underground Tunnels in Coal Mine” ©IEEE Conference 978-1-4244-3693-4/09
2009.

Yanjing Sun, Beibei Zhang, “System Model of Underground UWB Based on MB-
OFDM” Int. J. Communications, Network and System Sciences, 2011, 4, pp.59-64.

Rajeswaran A, Somayazulu V S, Foerster J R, “Rake performance for a pulse based
UWRB system in a realistic UWB indoor channel,”ICC’03[C]. 2003, pp.2879-2883.

102



[31]

[32]

Y Kim, M Jung, and B Lee, “Analysis of radio wave propagation characteristics in
rectangular road tunnel at 800MHz and 2.4GHz,” IEEE on Antennas and
Propagation Society International Symposium([C], 2003, pp.1016-1019.

Ph Mariage, M Lienard and P Degauque, “Theoretical and experimental approach

of the propagation of high frequency waves in road tunnels,” IEEE Transactions on
Antennas and Propagation, 1994, vol.42, pp.75-81.

103



Al aaiin 1.3

4L JuaiYl sk oo dpade dGila a jay (AU QU D el e ga Al )l aidas
ClSlaa g g LudY) A5 2SI ClSuAl ORI 5 il g8l (j je a2l GO Ll LY A3
2 b aiadll ALl O Ehall CiSlas 5 [EEE 80215.33 & Abaidl 5 Lgie Lalaaiul SY)
TSlaa g Al Jgin b B o laied SV <l gl (1o jay o il N il Ll ol g3
5 AN Ganaliy o iy Gualall Gl 1yl 5 gl a3 b 2l AL COEall CilSlaa
adle g Ladiuuall aad jall gy Al AT85 Al I dilate ddiee HISEY cilad ) L2800

A el aadly



Ay ) A3l yadla

dadia 1.1

i g Sl galll Juady Ao sl sliadl e L fe 3o (saall el S JuatY) pnal
s gliil Gy (WPAN) dpadill 4,53 il y (WLAN) dalaall 480300 il
il b YL Jlae b o shill dpaad @il sl (e haaly aay Juaiy) S bl
a8l sal aaaT Aalail g gl 1 g Ayl il gl Jha AL QN il Cilexs Jia sl
gLyl AEl CYLa oulull aseidl, (PCS) dnasdll YL Gt (e by
a5l (g faa gt 5 Gl e Aall 8 sl 330 (RF) sy 3 L3 iy Ju Y 2 (UWB)
Ol @l Y Ay ("Anall” ) Ll dagall e OVl g paiill Lo g 1
IOA (e i3} Jaad e 5,08l Jie s 5 A pailas L) (UWB) gLy 43l YLaiy)
L o ST 0da dasl ailiadll o3 agfiadll 5 A0S dimidie LS JMS (e il 5 Ciall
ASLA clSpal) e (gaall 5 yuaill 5 ddlall do yull @l OV b padiud of e 5l
il e Gl 5 e sene a2y UWBJ @Yl ol 3L yaall Gay (WLAN) dgladll
aill A&l ¢ -41.3 dBm) 48kl diaisie a5all Jil (Jimlam 10.6¢ s 3.1) ol
/ Caliliage Clie 320 A CULdE 0B e 30 Lad o8 5 ¢l sedl iy oo (0.2 — 1.5 ns)
Gl Jai) dplie AakailY) o3a yiad @il g (e 10 sin) gl 5 jual Clildad & ol Ayl
g jUanlly Jass 3l ALY YUY 3 jeal o aladiud 5 ¢ dail pall S anall 3 Ciliylail

Qe )l (o irgl) 1.2

5 iadll AL Tl Badake Ly Al Aakaid AL CYUaTY! § guia gal a3 ki
Ll s Al i ASaabipall Juail ol i b ell) g Alihaall il LAY A Usdldl Jlaia] s
Ol g b iadll A8 COLELL BaaxTe f L) A8 dadaid ASL GV G Uaddl Jlaia)

ol gidl 038 b glall il Aty BlSlae araal g3a22ie



el Dl L g 1531 g gl oyl S
g g 9iSIl) g 4_?.\3‘.3\ K
VLM 5 Cilgi g ST dadin pudd

VLY ATy adail) ddadiie ALl 8 Uadld) o)
4 palinalf o gl e Loy diid 4sludl

e

Ladl 3 gasa dada 5 g 30

A3 O e JLaSi (5 gl S g Ly 1 53501 g p gt gy ) ApagatsSl) e Al

CNLaN! g Sy g SN dwsia

il )
Sl da o eallls gl daaa 2
L) 5 Syl g S dasin pud ool datin pudd
L o8 538 9 Aaaiglh 408 L gl 53801 g dusarigh i<
@oadll SR g L o1 931 g  glall Ay sl dpapatsit ol SRl G g g3 g p glall Dy jall Lpapalsyl
iy s !

YoV v



DIS 75836 Cc1
621.384
SA-ER

ERROR PERFORMANCE OF
LOW-COMPLEXITY
ULTRA-WIDEBAND RAKE

A

75836




	75836-0002
	75836-0004
	75836-0006
	75836-0008
	75836-0010
	75836-0012
	75836-0014
	75836-0016
	75836-0018
	75836-0020
	75836-0022
	75836-0024
	75836-0026
	75836-0028
	75836-0030
	75836-0032
	75836-0034
	75836-0036
	75836-0038
	75836-0040
	75836-0042
	75836-0044
	75836-0046
	75836-0048
	75836-0050
	75836-0052
	75836-0054
	75836-0056
	75836-0058
	75836-0060
	75836-0062
	75836-0064
	75836-0066
	75836-0068
	75836-0070
	75836-0072
	75836-0074
	75836-0076
	75836-0078
	75836-0080
	75836-0082
	75836-0084
	75836-0086
	75836-0088
	75836-0090
	75836-0092
	75836-0094
	75836-0096
	75836-0098
	75836-0100
	75836-0102
	75836-0104
	75836-0106
	75836-0108
	75836-0110
	75836-0112
	75836-0114
	75836-0116
	75836-0118
	75836-0120
	75836-0122
	75836-0124
	75836-0126
	75836-0128
	75836-0130
	75836-0132
	75836-0134
	75836-0136
	75836-0138
	75836-0140
	75836-0142
	75836-0144
	75836-0146
	75836-0148
	75836-0150
	75836-0152
	75836-0154
	75836-0156
	75836-0158
	75836-0160
	75836-0162
	75836-0164
	75836-0166
	75836-0168
	75836-0170
	75836-0172
	75836-0174
	75836-0176
	75836-0178
	75836-0180
	75836-0182
	75836-0184
	75836-0186
	75836-0188
	75836-0190
	75836-0192
	75836-0194
	75836-0196
	75836-0198
	75836-0200
	75836-0202
	75836-0204
	75836-0206
	75836-0208
	75836-0210
	75836-0212
	75836-0214
	75836-0216
	75836-0218
	75836-0220
	75836-0222
	75836-0224
	75836-0226
	75836-0226a
	75836-0228
	75836-0230
	75836-0232
	75836-0234
	75836-0236
	75836-0238
	75836-0240
	75836-0242
	75836-0244
	75836-0245
	75836-0247
	75836-0249
	75836-0252

