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o Ultra—short pulse duration (order of nsec
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o Ultra—low power spectral density
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o Low interference to other communication signals
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L  Bringing Out the Best

.........

10991 ywe «Low Cost
Short  00\ipe @ am »Short Range
’g FasDtI Zt)a\llfllrfliad 'H/:Q h Data Rate
o]
é 110Mbps @ 10m
o 100 UWB
o Room-range .11n promises
2 High-definition 100Mbps @ 100m
(@) . .
y Q“aé't?’eg‘;nsif‘g"ce’ 802.11a/b/g/n
Data Networking
Bluetooth
1
>
1 10 Range (m) 100

Source: Texas Instruments
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o Pulse position modulation
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o Direct Sequence UWB (DS-UWB)
o Multi-Band OFDM UWB (MBOA uwg) T
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= 3.1 ~4.9GHz = 6.2 ~9.7GHz

Band Multi-Band

o Low or High Band

o Multi-Band

Modulation LWzl L
o COMA(M-BOK) - 3.1~4.9GHz + 6.2 ~ 9.7GHz
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o 8 M= UWB Forum® Freescale, Motorola A

Low, High, and Dual 3J§ Band
o 3.1~4.9GHz (Required), 6.2~9.7GHz (Option)
o 5GHz(NII) CH< X2

Modulation

o CDMA/BPSK,4-BOK
o Rake receiver + &

Parameters

o Data Rate : 28 ~ 1320 Mbps
o FEC :1/2, 3/4, 1

o Code Length : 1 ~ 24
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Band Band Band Band

A Band Band Band Band Band Band Band Band Band
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13
3432 3960 4488 5016 5808 6336 6864 7392 7920 8448 8976 9504 10032 f
MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz

Spectrum
o 528MHz LHEL 2l 4Jf &, 13J4 e &=

Modulation
o 128—point IFFT/FFT 0| &gt OFDM Carrier A4
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TIAF Z=D| Mot
o 15J4AF Ol &S] Contributing Companies

Band 3.1 ~ 10.6GHz

o h28MHz (HE o 2 2|

o 3.1 ~ 4.8GHz (Mandaroty)
Modulation

o OFDM/QPSK,DCM
o 128-point FFT/IFFT

Parameters
o Data rate : 53.3 ~ 480Mbps
o FEC :1/2, 1/3, 3/4, 5/8
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+MBOA®Q} DS-UWB PHY Hlul

?aéﬁgf;}'

E?Z%%Z?:ﬂ .

i

1490 (BW: 528MHz)

Frequency 3K (3168~4758MHz: Low :3.1~4.9 GHz
Mandatory) High : 6.2 ~ 9.7 GHz
Modulation OFDM(128FFT)/QPSK,DCM CDMA/BPSK,4-BOK
FEC Convolutional Code Convolutional Code
Data Rate 53.3 ~ 480 Mbps 25.7Mbps ~ 1.32GHz

53.3 ~ 200Mbps: Mandatory

Multiple Access

FDM/TF Interleaving

FDM/CDM/TDM

Complexity

FFT/IFFT

Rake Receiver

Complexity

FET/IFFT

Rake Receiver
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- WiMedia UWB Platform
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o WiMedia Alliance : Multiband OFDM UWB
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o NN &= Fet A 2
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061 48 UWB =14 23| )}
0 3.1 ~ 4.8GHz Low Band [H< &g 2ot

04.2 ~48GHz L 2010E0HX] DAA D= HE &
Off 2or
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and Avoid)

4.2 ~ 4 .9GHz : without DAA until June 2010

PSD (dBm/MHz)
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7 /, .
UWB Forum (www.uwbforum.org)
02004 A AH
o 100040 SHl/sHH=z2 +4

Motorola & Freescale ==
o DS-UWB A0 ==&
o 2ted 1t ™

960MHz, 3.1~10.6GHz, 22~26GHz, 60GHz
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2002 Alliance 24
20055 MBOA Alliance2t Z2 &t
o 17044 ANz 4
Intel, TI & =2 CE & X
o [}t SE M ¢
Wireless USB, Wireless 1394 TA, Bluetooth SIG
o & EH
20054 PHY, MAC, MAC-PHY I/F
Commercial UWB Standards
o Released by ECMA International (U.S only)
o PHY & MAC standard (ECMA-368)
o MAC-PHY I/F standard (ECMA-369)

O O
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- s\WiMedia UWB Platform
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WiMedia UWB Radio Platform

MAC & Policies

UWB PHY (MB-OFDM)

PAL: Protocol Adaptation Layer
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o MAC-PHY Inter ace Standard V1.0 Released

The WiMedia Interoperability event
o tentatively scheduled for March 27, 2006.

The WiMedia Alliance Member Meeting

o June 27-30, 2006 at the Hyatt Regency Cambridge in
Cambridge, Massachusetts, USA.

Bluetooth SIG
o Bluetooth® Wireless Technology over UWB

o Demonstrated at Bluetooth SIG All Hands Meeting
(Seattle March 28, 2006)

21/50 KRnet 2006, 2006.6/27~6/28



1010C 00{101

| ¢ MBOA PHY 7|&
""""""""""" — WiMedia PHY &
- PHY 2=
- Tx/Rx X

- PHY 2% Ol

N




| Model : CM1 ~ C

o LOS:0-4m NLOS:0-4m NLOS:4-10m RMS Delay
(N’i‘sgse) AWGN Spread: 25 ns
P CM1 CM2 CM3 CM4
110 21.4 m 12.0 m 12.0 m 11.5m 10.9 m
200 14.6 m 7.4 m 7.1 m 7.5 m 6.6 m

480 9.3 m 3.2m 3.0 m N/A N/A
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TABLE 6-1. PSDU rate- dependent parameters

Data Rate ' Coded Bits / Info Bits /
(Mb/s) 6 OFDM Symbol 6 OFDM Symbol

(NecBpes) (N1BPGS)
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»PHY 114 - parameters

/ /‘/"y’/

2
TAELE 6-2. Timing-related parameters

Farameter Description Yalue

iz Sampling frequency h28 MHz
Nggr Total number of subcarriers (FFT size) 128

Np Number of data subcarriers 100

Np Mumiber of pilot subcarriers 12

Nga Number of guard subcarriers 10

Np Total number of subcarriers used 122 (=Np = Np+Ng)

Ar Subcarrier freguency spacing 4125 MHz (=1, ! Negpr)
Tepr IFFT and FFT period 24242 ns {-:.f‘1j|
Nzps Mumber of samples in zero-padded suffix a7
Tops Zero-padded suffix duration in time T0.08ns (= Ngps/fo)
Tovar Symbaol interval 32505 (= T+ Tzps)
Fovae Symbol rate 3.2 MHz (= Tgype )
Neoyus Total number of samples per symbol 165 (= Ngpr + Nzps)
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»PHY 114 - parameters

TABLE 6-3. Frame-related parameters

Parameter Diescription Value
JU
.-‘-.-'Pf Mumber of symbaols in the Standard Preamble: 24
b urs l‘-( 3 75 US ) packet/frame synchronization sequence Burst Preamble: 12
T Dwration of the Standard Preamble: 7.5 us
of 12
bt CE SeqU 9/7 C e packetiframe synchronization sequence Burst Preamble: 3.75 s
6’ Symbo/s( 7 875US ) N, Number of symbols in the 6
' channel estimation sequence
T Dwration of the 1875 us
channel estimation sequence
Novne MNumber of symbols in the PLCP Preamble Standard Preamble: 20
i Burst Preamble: 18
Toyne Duration of the PLCP Preamble Standard Preamble: 9.375 ps
Burst Preamble: 5625 ps
Nogr MNumber of symbols in the PLCF Header 12
Toar Dwration of the PLCP Header 375 ps
N Mumber of symbols in the PSDU
frame d EK[EKLENGTH+BSW
Nisres
T Dwration for the PSDU
frame K[SXLENGTH+38WX
Nigpss ’
Noacket Total numkber of symbaols in the packet Noyne + Npgr + Neame
Toacket Duration of the packet Nayme + Nagr + Ngme) * Tsyoe

26/50
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SPHY FP’ PLCP frame format

W

e

ed-Solomon code (23, 17)

Parity bytes - Shorz‘ene

Scrambler

Reserved

Burst |Preamble)

Reserved | RATE | LENGTH | Reserved _ Reserved
bits | sbits | 126 | i i [P TP | o
3bi its 2 hits 2 bits 2bits f1pit | 1 bit its
\ o - — - a—
N —-
N -
PLCP Preamble PHY | Tail | MAC HCS Tail bPiZ;er Frame Payload FCS Tail | Pad
Header | Bits | Header Bits TZiI bits Variable Length: 0 — 4095 bytes Bits | Bits
<« PLCP Header >« 53.3, 80, 106.7, 160, 200, 320, 400, 480 ———»
39.4 Mb/s Mb/s

*V0.95 J| &
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PHY 1#4 - preamble format

\ ’
/s
s ’
0.0C,C ..C,00000 \ 7
A ’
~a , \ ’
o~ ’ 7’
] -~ 7 v F 4
~ . ’ A ’
PS, | PS, | »== [ PS, | TS, | FS, | FS, | CE, | CE, | »ee | CL,
\\ I | ’I
| |
\\ I I ’I
\ | I y
Packet Sync Sequence Frame Sync Sequence Channel Est Sequence
6 OFDM symbols 3 OFDM symbols 6 OFDM symbols
o 4.6875 us >

Figure 4 — Streaming-mode PLCP preamble format for a Mode 1 device
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2 — data scrambler

Seed vélue
PLCP header
> | xt9 X(13) X(12) X(1) X(0)
v v v \ ¥ X(n—-15)
X(n) X(n-1) X(n-2) X(n-14)
—>» > | —> —> —>
<
0/
Data input Scrambled output data

MAC header, HCS, MAC frame body, FCS
7ail bits are not scrambled.
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Coded bits for

interleaving Symbol
Ncbps*(3 or 7) / interleaver
group
Read direction
|
Ncbps
Write
direction
(3 or7)
30/50

interleaver

\

Read direction

Ncbps/10

Write
direction

(10)
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S Tx A& - Transmitter

ional || . i | constellation | _ .
—»| Scrambler > Corévoludtlonal Puncturer = Int BI"t - Manpin Insert Pilots >
ncoder nterleaver pping Add CP & GI

. cos(2nf t)
o fransmitter structure — example

from MAC H/W

Time Frequency Code |

Intlv
Buffer

W cuter g Mapper

fo DAC
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“Rx 722 — receiver algorithms

o T R S O o e S S RS

i
7 A

Frequency offset estimatio e/Fine), Channel estimation
*Sync. Maintaining Algorithms

Carrier tracking, Time tracking

Reserved RATE LENGTH | Reserved Scrarpbler Reserved Burst |Preamble] Reserved
Init Mode| Type

3 bits 5 bits 12 hits 2 bits 2 biits 2bits |1pit | 1 it 12 bits
N
\ I —
N =
PLCP Preambl PHY | Tail MAC HCS Tail bpigter Frame Payload FCS Tail | Pad
¢ Header | Bits | Header Bits TZiI tSJits Variable Length: 0 — 4095 bytes Bits | Bits
PLCP er > 53.3, 80, 106.7, 160, 200, 320, 400, 480
) 39.4 Mb/s - Mb/s
reamble processing Demodulation of-PLCP header

modulation of payload data
Demod. synchroniz Demod. parameter extraction

Sync. Acquisition Demodulation + Sync. maintaining algorithms
algorithms
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- »Rx 11X - preamble precessing e

/'."fﬁfff’_ .
‘om Demod. unit

To
> Demod.
' > unit

PLCP Preamble processing

<
Synchronization control signal to RF module m ﬂ
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<

Synchronization control
signal to Synch. unit

Sync. Maintaining algorithms
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NPHY JIE Oln DAA

o 20081/2010 012 Low Band CH 0 /S o2 Mg
DFS(Dynamic Frequency Selection)

o DAA(Detect and Avoid) SAF =& 802.11h0fl &2

o 802.11a & BIHERCLt &2 M3 &Al= 0/0]|et AFER
DAA(Detect and Avoid) 2138 0]+

o Detection of signals of interest
4G or BFWA (WIMAX/802.16e) : 3.1 ~ bGHz
Cooperative detection — Devices should help detection.

o Decide what signals to avoid
PNC(Piconet Controller) decide

o Implement avoidance
PNC instructs devices on channel usage and avoidance
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NPHY JIE Oln DAA o

MBOA 21|
o FFTZE 0O|& gt Spectrum

m analyzer Jl =
o MSO HUHAE d&=< &= A= Channelized Radiometer
Pif=

Avoid =&t
o 2 BIETHHIA “incumbent” &SI 2 H oY £ Bt

It &Ml E “nulling” ot HLE emission level2 Y&

o Ref. : Lehtomaki, Janne, “Performance Comparison Of Multichannel
Energy Detector Output Processing Methods”, Signal Processing and
Its Applications, 2003. Proceedings. Seventh International Symposium
on Volume 1, 1-4 July 2003 Page(s):261 — 264 vol.1.

OF>
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N Jlsg =8

o RF & : BICMOS & —» CMOS &
= LAIE 1t S& SoC A&

oBB& :0.183um 34 - 90nm =&
SO YR N ®A XS

=2 o

o MAC & : HW-MAC + SW-MAC SoC
= 1= M08 Ml & Throughput &= &4t

x|l &E St
=

o RF/BB/MAC 3 & &5
o S
o

(RF+BB, MAC)/(RF, BB+MAC) 2 & =24
=2 M (SoC/SiP)

T

(RF+BB+MAC) 1 & =
RF 210l ClXE &S oY WIK Iis
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High Band OI
o &I Low Band &= AlNHIS = Al
o DAA J|l= &2 Y% High Band X3 &

1= ADC/DAC
2l FIH4- 528MHz THE

o HIOIABE B=E

010
LOj
e
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o

110M 2 x| Al e

o LIXIE 0ICIH KIS W& .=,x1|01| o HIJ— ME e =

o ll= HOTVOl 2= == NE A =4l =

MBOA H &

o Alereon, Wisair, Staccato,

o 3& =22 s2H(LE 1 & &EFE 2 Single Package & 2
&)

o 480M I Mo A= &2l EIHE MIKl= 100M & 0|6t
Streaming Al & 0| TE%')

o MAC & PHY &= JH& Ol =

o RF &2 BiCI\/IOS(HI/H CMOS 2HOZ HE Y =

o Intel S & 22 Wireless USB AlHIE e &l =

o Bluetooth SIG sS4z S85A S8 Z21Y &2 Y =
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) % {
_ 7

2 §F 7 ///fz i
o 1I5t&, =" TEmmeC] AV AEDE
Wireless Connectivity
o 84 1394/USBE 24 1394/USBZ && =22
Mobile Devices
o M &g, | S sl ZEIOILAH S

Bluetooth2l &l &}

o N9 BluetoothE 11&2°| HEIOICIH €8 2022 &
f2d S8
o FTTH, PLC 2 R8I R24 S8 S8 NHIA ZE
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Streaming MP3 File Transfers

[ b
=
-

Camera

Disk Backup Downloads

Movie
Transfers

45/50 KRnet 2006, 2006.6/27~6/28



“UWB X NS

--_..-..,.l..-wl

~ MP3titles to

mag ;
music player

camera to
storage/network

1 _"'J
o -
\J - # — B
} il ' 5,
.: ’ =, | P
3
"
"]
"b
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")
‘h
S
"
y
|||||||||||||||l

MPEG4 mOVIe Or <ll;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII r’]
GPS maps to player ‘ &
Stream presentation
from Smartphone/PDA to
projector

Mount portable HD __z=

46/50 o KRnet 2006, 2006.6/27~6/28



i

/’f x“/

.

2006 02009

13,157,000 190,298,000
UWB Products UWB Products

- . -

0 50,000,000 100,000,000 150,000,000 200,000,000

UWB-Enabled Products (Wireless USB, Wireless 1394, High Data Rate Bluetooth)
Expected to be Shipped*

* Ref: 2006 CES, UWB Four Years Later, Edmond J. Thomas
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E|-°| Okl /4 2l)

20064 20074 20084 20094 20104 2 Al
=g 80 2,900 8,600 17,600 31,800 60,980
O = 4 126 2,910 6,901 8,807 12,722 31,466
<Ultra Wideband Standards Technology OEM Strategy and Markets”, ABLresearch,2005>
21,200
17. 600
B 0H =24
O Eok=F
2. 600
B, 901
2O0sHE 2007 200z 2009 2070
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