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SUMMARY

This report deals with the channel modelling and coexistence
problem of a UWB system, which has been considered as a
promising solution to the high-speed indoor wireless
communication technology.

In Chaper 1, we first reviewed the UWB channel modelling
proposals submitted to IEEE 802.15.3a.

We next give in-depth investigation of some multipath
models that attracted attentions, which include Win&Cassiol
model, A-K model and S-V based model. Among them, the
S-V based model has been widely used for performance
evaluation of several UWB PHY layers proposed in IEEE
802.15.3a.

We pointed out some deficiencies of the proposed models
and proposed a new multipath model that reflects the phase
effects iIn a UWB channel. In this model, the amplitude and
the phase values of frequency-dependent subchannels were
calculated by applying the ray-tracing algorithm.

Chapter 2 concerns the coexistence problem caused by the
interferences from UWB transmitters operating near other
wireless communication system. We first summarized two
FCC reports regulating the emission limits i1ssued in 2002
and 2003.

Next, we classified victim receivers by their operating
frequencies like in—band system and out-of-band system and

examined some research results for each category.
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We introduced dual-band and multi-band UWB system that
were proposed to tackle the coexistence problem with
in-band system, such as 802.11a. Coexistence issues with
out-of-band system like WCDMA, GPS, PCS, etc. were
shown with research results executed 1n major mobile
companies and ITU-R TG1/8. We finally proposed a
framework with which UWB interference against typical RF

systems can be analyzed.

- vii =



¥ = j]. .............................................................................. X
1 ]?ﬂj % ‘]. ........................................................................ xi
;q] 1 ;g- UWB ;(H%j L:z_t‘jl]%] ................................................. 1
;q] 1 ;g IEEEoﬂ ;q] ?l-% jH O R 2

A 2 A ARLEA T 6

A3 A EAZ T 8

1‘ Win&CaSSioli E!__r:j:] ............................................................ 8

2 A*K L 15

3‘ va based E‘fi_l .............................................................. 1’7

A4 d UWB AE@ad Aok 2 AZEY O A& o]

B o, 23

L UWB AY FH ) e 23

9 UWB 2 Bl e 2%

3, BAIAIGE TE T AT e 28

4 BT A2 188 Te 2 AT s 32

5. Software UWB SITTULALOL « - wsesseeeseesecerereecmaceseseans. 34

Al 2 4 UWB Al&=8e) FH A (Coexistence)  wwoeeeeeeeeees 37

— viii -



2‘ FirSt Report and Order ................................................. 38

3. Memorandum Opinion and Order and Further

Notice of Proposed Rule Making - 44
4, 2 FaE AATZE B OEIRP e 47

A 2 A In-band A Z=E1FFO] GFTIAT cvvri, 48

1. IEEE°] A3t WPAN#O F P FEl o 48

2. ITU-R TG 1/8°14 A8 WPAN¥9| SFHA 50

3 IEEE 802.15.3a Alternate PEHY  -ereesseeeesssereessrneee 53

;(ﬂ 3 7% Out—of—band }\]v/:%jq_g] O(;I:%/\é ...................... 62

Xﬂ 4 Z‘—j_ oo]:a‘j/g] T,t_‘_/q.% _ﬂzﬂ. framework creeeeeeeeerereeeens 64

Al 3 A B s 69

_iX_



B

=

=

=5

=]

=5

=]

MO B

g

1-1 Link Budget A7 O] B werrreenersessssernsssnenees 7
1-2 24 A3} D A/ B o] A 7 IH] T ervvverrreerereeeeeeeeees 20
1-3 5947 32GHz 9 42GHz2 ®) DZ(, )9

FLT} covvvmmneeneeess e 31
1-4 F557F 41GHzY ® $18( g, , )8 AT} oo 31
2-1 960MHz ©]3t9] "9 %5 7% Imaging System<]

AL 7] 25 wrvseresssnesssnssssssssssssssssssss s 39
9-2 O60MHz ©]3}9] HZE S 712 HPALZ]Z oo A0
2-3 1990710600MHz t <9 3%-& 7}%]l Imaging System<]
HEAL 7] 25 coveeessserssssssss s A1

2-4 31710.6GHz W9 %= 73l UWB &&AI=d e 7

A7) Z20] HEAFT]ZE  crrveressmssssssssssssssssssssss s 42
95 ZaF O] T A]ZEIO] HFALZ]ZE  coreerrrersinisininns 43
2-6 AL UWB7] 7] 9] HFAFZ]ZE e A3
97 AU UWBZ] 719 HFAFZ] 2 cerevrmrensssnisnisnisnnns A4
2-8 AL UWB7| 7] 2] HFAF 7] 3 eereeereeereeeseneenenennens 45

2-9 960MHz W<o|A<e Through-wall Imaging



SYStEME] HFAFZ] 35 correreemsneniisieisesiie e 46

¥ 2-10 1990710600MHz t & ol 41 2] Through-wall

imaging systems®] HPAFZ] 3 e 16
¥ 2-11 990710600MHz t 9ol A2 Surveillance systems

O HPAJZ]ZE  woerrssseresssemssssnssssssssss s A7
012 FU| AT TR e 47
T 213 WPANTFE] OF B A v, A8
T 2-14 802.11a8F UWBSFS] H AT worvrrrrrmesssnssnninnns 54
¥ 2-15 802.11b9F UWBSFS] H 22 A E]  rvrmerrrsnessnsisns 55
F 2-16 802.11a°l4 UWB HtHs]& FAHAZH o 55
3 2-17 IEEE 802.15.3a Alternate PHY (1) creereeeereseeeees 58
% 2-18 IEEE 802.15.3a Alternate PHY (2) wwoeersooees 59
F 219 O] EEA Al HZE e 63

_Xi_



N

NN
ot o g

I
o

[ S T "Iy
R AN o A A A A A AN o AN o AN o AN o AR o

|
uic)

To1 ZABEA oo ]
1-2 Large-scale %1% 54 (Hashemi’s results) -9
1-3 Large-scale ®1Z% 54 (Cassioli’s results) 12
1-4 AZ 5 0]T) EA (Cassioli) s 14
1-5 AZ 50]5) EA] (Hashemi) --wereeressmesreens 15
1-6 g KEE O] AFEIIE  coorreerermmesssssssnreessssamssssasseeeeee 16
1-7 Kol w2 Excess delay B4 e 17
1-8(a2) CM18] QT2 S5 e 21
1-8(b) CM1¢] Excess Delay Time «weeeesseeeeessns 21
1-8(c) CM19] RMS Delay Time -eeeeesssmseeeeeees 21
1-8(d) CM19] Average Power Decay Profile - 21
1-9(a) CM29] QAT A ST s 29
1-9(b) CM29] Excess Delay Time e 29
1-9(c) CM29] RMS Delay Time -eeereessmmeeeeeees 29
1-9(d) CM2¢] Average Power Decay Profile - 22
1-10 541 A% BEle BEET o5
1-11(2) UWB T 22 oo o7
1-11(0) FAE UWB T A oo o7

- Xii =



N

ul)

N

o

I
uit)

|
uic)

I
o

I
uit)

N

o

N

o

|
uic)

I
uit)

I
uit)

|
uic)

I
uit)

I
o

o

J—_—}

Z

I
uit)

o

—_—}

I
o T

I
uit)

1—11(C) UWB .\gi _/_\_jjj]EPTj ....................................... 28

1-12 2] 317 2 HEALA| 22 e, 29
1-13 Ray-tracing= ©| &3 AE-SHAI ooevereees 30
1-14 Slab modeloﬂ /\19] 1?_]_—/\]- ‘g-; 15'_31], ........................ 32
1-15 A/ B O] A TFAFFZE e, 33
1-16 LOS A=k He F3gk Ao Algeold 2
.............................................................................................. 34
1-17 AGA B O] E] A I s, 35
1-18 Mol Q= A FAE pay e 35
1-19 B o] Q= AS BAE pay e 36
2-1 FBA] H I} FEl s 48
0= COEXISLENCE MASK  wrrrerrrsrersseesseesseesseesssessaseenas 50
2-3 The] UWB A9 S A 9 F2217] oo 51
94 UWB 7 90] Q= WLAN 5 e 53
2-5 UWB 2 ohe] o AAZ o] wE 802.11a9] H)
FUZo B weevrrrrserese i 57
2-6 UWB 3t d3te] oA gle w& 802.11be] Hl
i%:% ................................................................................. 57
2-7 Dual-band Al 2281 8] Z|H s 59
9-8 WEJMIE A 28 (Wisair Co.) weeeeemeessseeeens 60

— Xiii -



19 2-9 29 E" shaping©] ¥ OFDM sub-band 61
1% 2-10 OFDM sub-bandW ¢ tone on—off weeeeeerereenes 61
28 2-11 A o] T2 UWBE EIRP ereeemesessesssnsssne 63
1 2-12 WCDMA 221 7] Blogk  weeveseessrsssmsssrsssssssnsasnns 64
7% 2-13 o] A7 ol wE WCDMA BER Al e 66
1% 2-14 15m olAA gl ¢ WCDMA BER =41 67

|
uic)

2-15 16mA g Al 71e] UWB 7]7]19F S wfe]
WCDMA BER .jll}d .......................................................... 68

- xiv -



A1l d UWB Ad 24

UWB ¥ mdgo]gt IEEE 802.15.3a 7]7]

w
—_
fite)

el

olo

o A}

Teh

E

=

LNe)
o=

24 UWB PHY layer®] 4

o

22!

< UWB 71717}

3 o] of] shepy]

KX
=1

=

4]

5

gt

Bz % a0l

o

z34

B 7}

- RMS delay spread.

- Power decay profile.

— Number of multipath components.

o

18| A= 7]&o IEEEY A

4

-
T

)



A 1 A IEEE9 Al¢td Ad =d
20033 IEEES] A|etd Fo Adunde oS3} 2o

1. "The Ultra-wideband Indoor Path Loss Model,” S.
Ghassemzadeh, V. Tarokh, and L. Greenstein [1]
A F 5GHze AW @AM el EAAQ path Loss S
A k.

2. “Empirically Based Statistical Ultra-Wideband Channel
Model,” M. Pendergrass framework[2]
4 Fu7b AGHzo 3L Bl Eo] ¢ 2GHz UWB B2 $541
sl Ao =AgolE o] CLEAN ¢iug&S HEA1A A& 36970
°] UWB Ad AaE #4850 4ozl Al oy = F5417]
Ayole] A 2 LOS 7} path7} Wa|uke 5o wgl tfea o)
Al FFE AT

Case 1: 0 to 4 meters, line of sight (120 channels)
Case 2: 0 to 4 meters, non line of sight (79 channels)
Case 3: 4 to 10 meters (119 channels)
ol Zhzbe] Aol e o] Ad b el dig Als &
A3 oh

D Number of paths required to meet the 85% energy
capture threshold

@ Mean excess delay

@ RMS delay spread

@ Probability of occupancy vs. excess delay



(® Average power decay profile

oA gEtElE & A9 5 e Ald RdS A7) fEiA e
o] 4K E¥3 IEEE 80211 Ad =E& HgdA oAl 714 3t
el @S AlEHelAE F 4 deolH et Mtk vl
B Ay 712 F Agdrd e =4 A85E & 53884 E3oen 1
HE2 UWB Al="S g A2 AdEdo] AA=ojof st}
AES AU

3. "UWB Channel Modeling Contribution from Intel,” J.
Foerster and Q. Li [3]
Friis 2] & o] &3t P9 pathloss 225 UWB path loss
S AE8AZL & o oo ZFA3NA link margings A4HE
a2 HAY. o] A|tA oAM= multipath Ed % A A&}
flefAl 2-8GHz thelA F35 sweeps A 870 AHEd& 4

™  o]7]4 mean excess delay, RMS delay, mean number of

vo o g
o Wt 3o

significant paths 59 SAXE AU 283 o]o] FAHA o
g AR E AFAAS ZAFSA T 802.11 Oﬂ A8 Rayleigh
tap delay line model, 4g-K 29,6 S-VEAZ 1 ahepd el gk

TJr 7?” AR A3E HoFE Fo] S-VE %1%18 A Al 83
F 715 9] Saleh-Valenzuela(S-V)E 23} &2 Z%0] Jognormal

=t AX AAEAT olol ik AR Ak 3-290

4. "A proposal for a selection of indoor UWB path loss
model,” G. Shor, et. al. [4]
Ade =L 2-8GHzF I sweepdl] oA At F2 FA=
Ao g3 = ZALEE AowA FUY 235 4% double
slope 4244 S e S R

_llm oX

ox, o



5. "Radio Channel Model for Indoor UWB
Environments,” J. Kunisch and J. Pamp [5]
1-11GHz oAl FA71E 1AQGA 712 41715 1lem®

1'5A1 71 A transfer $t<FS ARt} o714 AAS =

o

=
o JEHowg S-vRAS w1l S-V Rt gy ARy

FEHZ WAbE A WALE ol H= 543 echoes

= AHolg. &3 F7hd wel zjdo] HWIlsl= HoR 3

UWB 2142 2] Doppler EA % A A 83t}

WPAN

6. "The Ultra-wideband Indoor Multipath Loss Model,” S.

Ghassemzadeh and V. Tarokh [6]
AR ndy g4 38 ¢ e s AF<
2dS AASAY. o] 2d 2

= ]
UWB Al2"lo] Agiao] gyxor AHed = JSs

7. "The Ultra-Wide Bandwidth Indoor Channel: from
Statistical Model to Simulations,” A. Molisch, M. Win, and

D. Cassioli [7] (“33 Win & Cassioli 291" *%)

8. "Evaluation of an Indoor Ultra—Wideband Propagation

Channel,” J-M Cramer, R. Scholtz, and M. Win [8]
A kAl FQ & ¥+ time-of-arrival, angle-of-arrival
S ¥3%sl= UWB AW 374

>,
)
2
fot

[n
1o
™
i
M
==
il

[o

rr

—(:5 =
o]+ Salah- Valenzuela (S-V) E =] 7|HutS & ZHAo=
AAE Ayte] ostH S-V 2d g Eele] =571 4

9. "UWB Propagation Phenomena,” Kai Siwiak [9]

Aolt} o]F 93] sensor-CLEAN & 1#]&S AAglE=1
s

a8 S

o
= 2dg

A 71A

W gkl



H=2 Fdlo] delay spreadztel] ¢&32 2]

AFr &Aoo FaAE factor’b Y-S HJom o] factorgh
delay spread#t® A &= e g 49 FFdS B
802.15.3a &8l A4 ~ FH= AASA

o rhr

(N

10. "Propagation notes to P802.15 SG3a from IEEE Tutorial,”
Kai Siwiak [10]

FCC WAAIgH 3.1-10.6GHztH S & FCColA AAlE 3H7 o A 9
UWB~]719] "ol dEES A



A 2 A AZ£(path loss) 22

BrEARd iAoy ZEAZE AFEHAAR (A 1 A9
(11, [4], [9], [10DelHde] Ropxl EA3 R gty & =
ITU-R TG 1/8¢] 4% HuAMoME 2-ray 2 ALE3 A7}
AQth.2# 248 W 4d" HF) B HoAE ARE&AY g3 E
dS A A7) HthE UWB PHY layer A¢HAFE©] link budgets
At of wHejerd dsEtdlelss EAstaL oo ZAsA link
marging A ¢t == ﬁoiéﬁ A QFA] 2=
A =& ] Aletith 3 1-12 o] A% 5 YHEdALoH oA 7]A
Jalow # ]Q e etES 189 grolal Mo w FAE Tt

T U= #heo g

= 5t olw link marng] N 2 A x8 AANA S8 stser

el deAdmriRl = ‘/}E}‘ﬂi'ﬂr AAE AlY B AetE o8 A
ol o



¥ 1-1. Link Budget &4} Ho]&

Throughput (Rb) > 110 Mbps [> 200 Mbps
Average Tx power (Pr) dBm dBm
Tx antenna gain (Gr) 0 dBi 0 dBi

fo =/ foin fmax © geometric center frequency

of waveform ( fmn and fracare the -10 dB Hz Hz
edges of the waveform spectrum)
L, = 20log,, (4xf, /c

Path loss at 1 meter (L Oy (47f /C)) 4B iB
c=3x10% m/s

20 dB atjl2 dB at

L, =20log,,(d)

Path loss at d m (*2 w0t) d=10 meters [d=4 meters
Rx antenna gain (Gr) 0 dBi 0 dBi
Rx power (Pz =Py +G; +G;z -L, —L, (dB))[dBm dBm
Average noise power per bit

dB dB
(N =-174+10*l0g,, (R,)) m m
Rx Noise Figure (Ng) 7 dB 7 dB
Average noise power per bit (Pv =N+Ng) |dBm dBm
Minimum EDb/NO (S) dB dB
Implementation Loss (I) dB dB
Link Margin (M =P =P =S—1) dB dB
Proposed Min. Rx Sensitivity Level dBm dBm




A 3 d FdF3 Z(multi-path) 24

1. Win & Cassioli =49,

i
2 At A g A= o]= DSO(Digital sampling oscilloscope)
E T3 S8tk Cassioli®l 54 W= A AE A=
PA27F ofd H2a Feolnm FA A A olF RS F=
deconvolution I7go] HQ3}t} Hashemi WHolAM= FITE
sweep Al7|WA AW AuAdel e Fa4 SHE 73 F olE
o Fg]o] W3k(Inverse Fourier Transform)sle] gl 4~ So
< Tedth Fie SEs 78 W FIH5F sweep W o]

_8_



900~1300MHz, = teZo] 500MHze] 22, Snsecd =9 HAEE
ZFA A H = ol UWB 2 213 5EA4S gl F8sted «
A7F A

_4

7}. Large—scale ¥|©
Large—scale ¥ ©] % %\—’“/\1 7179 2 9= W3yt aAY F
FA7] FH Aol A WEstEE A YEhuE 2Zo W)
= uehiith Large—scale Holdo] that EAZ EAo] sl
] Hashemi®} CassioliZ}b #|A1g A3t A9 FAFsHo)
Hashemi= 41719 $1A& 2AZA7] F217]1E  SmeolA]
30m77}?<] A3 A BHA 2+ Ao 1500718 olH A ook

BE (o)W e=FFA7IE A FdsiAl st 541719
=4 WA AE) AA AzE v FeE A |

Atk 2”1 o] AAHS AAXA oA AypEA

dB scale %o APFHo 7 43T

oE

:

=Y
)
il
= 411 N

30m
20m

5m

. \\
60 ~

100 200 300 400 500
Excess Delay 7 (nsec)

Relative amplitude (dB)

o

% 1-2. Large-scale 2% 54 (Hashemi’s results)



A5 (decay constant)®= 1 nsec® 7|2 % dB 992 i%
da ®wW 11dB(5m)714.7dB(30m) 7} W3k th. Cassiolis
olg] Z43}4E& A Large-scale #HoldS 4

stal oy 7)o 23 IebdE gtEe did SAA 545 I
. t2-2 CassioliZ} A|A|gF Qo] 84 nd

g oA I Ao AVIE AXE Z=uH WHEA7IH
PDP(Power delay profile)S 497] Al o]l =] ths] 3t
PDPE SSA-PDP(small-scale averaged PDP)& 2] 3}$ith.

SSA-PDPE H#S #Hto ZH small-scale oy dAS A
7eto] large-scale #lold A4S vebd 5 k. Au FA
Aag7 e SSA-PDP, 9(r) & t}S 443 2t}
_ Npin
=Y G, 5(r -
g(T) ; k (T z-k) (11)

A7NoH Gt T=r0] F276] BEF Ao Wit A
ojth, Aol WFH 5 A WA binel 3F st LOS(ine of
sight) & A|esta =4 HolHE FAsE A3 5 WA bink-H
B A5 Ao gaste g0 oy ge saow Tdd
t}.

9(r) = G (7 - r1)+NZb:Gexp[ (Tk_r%:l5(r—rk) 19)

= SSA-PDPY 7Z+H4) A2 =AHANES ZAls B 3
o] 16.1dBelx ¥+ A7} 1.27dBS Log-normal &

o @m ta Ath. AF oyx g(z)= A 7re] tiste] HES

T_ - Ny .
Gtot = /0 g(T)dT: Gl + E G2exp|:_ W} (13)

A A bin ¥ F WA bin o AHHZS rz AHoshd

_10_



=G,/G, o]t} RS o] &alA] Gu =Gil+rF(&)] 7} =} <
T2 obgel o] Ao Huh

F(&) = 1-exp[-(N -DAz/{] 1
— l-exp(-Az/¢) 1—exp(—A%) (1.4)
=4 Ax rygto] 4dB, 5 H A7} 3dBel Log—normal &

2 /HAE 9" wWeE Mg £ At Gat Ade

Shadowing E4o% 934  Gu =lognorm(-PL;4.3) ¢]
Log-normal #3X9 5A4% 7FXth PLL2 Path-loss® 44l
71¢] Aol met Wakgth 919 A& o]l &t H oA
© ook 2o

atot (k :]_)
1+ rF (&)
Gk =
~ (7 —72)
G ot e
1+ rF@) k=2, N) (15)

AZA o Ao SSA-PDP= AW r, 7 45 ¢, 1
ga F Ha oy Gt ©l Jdi 14 € F
Cassioli7} ANAIgH Ade] h4 wdy £3d 9 sepv|g @}
59 BA4 EAS o]&dA large-scale IE E
old Azt 73 J4% CassioliZ} AAIgE Ht gk 16.1dB2
Log normal &¥ =2 7}FAstcE 19 1-29 A3 Hof
Z (e ¥ #HH)ol HAyAHo=w 7L£\_'LE} FEE o)

_EL
O
&
17
u,
=B
L
o,
o
rlr
—
(@)}
—
(@R
wy)

f

11~15dB A= g}-—e— 74 %
o2 W 14~18dB AE Wet: Aoz e} Hashemiol



relative amplitude [dE]

o0 20 40 B0 g0 100 1200 140 160 180 200
excess delay [ns]

% 1-3. large-scale &% 5 (Cassioli’s results)

. Small-scale #o] ¥

Small-scale #lo]d & FFA7]17He] A&l 2 ol & ¢
s Ashe ol wate] o9& yeldrh ol B4l A
M= st binel Edsts ded 2 dEsEo]l %7 wikel

Central limit theorem®l 9|3} A quadrature A& E°] Gaussian
TEE JHAA Ho] WFe] 542 dubr oz LOS(Line of
sight) 427} §1& wol+ Rayleigh 5 W=7 3, LOS

_12_



427} & wolli= Rician X5 wW=A Hr} 3}?(]”} UWB
]/\E414 7:] oﬂb zxLo Jq./_:
3l U HE AREC oF
7} ¥o] Rayleigh Ad=z =mdg 3= A
Cassiolix= A2e] small-scale #H°]ld &7S Nakagami +
2 ®d39 il Hashemit Log-normal w32 & U%—E} -
gt AlEHoA Ay F FEE AEE
= Nakagami #¥°] tiafir =2 W3 S|
£ Bl 3h Nakagmi X% JEhvlef mo] oafA] %12

o]-m ﬂlﬂl
r,
>,
1
jutit)
k"
rlr
flo ngt
By
)
o,
o

e YEkh. dE E9 m:%%’ w o] Anagram &
one-side Gaussian #¥°]1 m=1% uo]+= Rayleich ¥3¥*7}
b =3 m=owd wj= FHoly dAbo] dojubA] il &%t
AWGN & YetU A #o) o]9} o] wte} wgfmeof e}

Aoy 7HA ﬁ05114 Ad BAS YElE 7 e =4 4
H= HH UWB 29 small-scale #Hlo|d S 2 13
3} th. Nakagami w39 pdf (Probability density function)

2mm 2m-1 _Laz
fR(a)_—e o o .
r(mQ" o2 Yetd § 9t Aq7]dM a= A
= Q=E[¢’| aejm TMe Gamma @olth. y=a’el A
Z3 oy #|AE o]&3Fe] Nakagami wX°| pdfes
mmym—l _mr
fR(V)— e’

rmy" Gamma X9 pdf= YE o]z,

_13_



Gamma distribution
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= WY Z2AMAZEA Hd =Y H] S (average arrival rate) Aol 9
d A Ay FA Ad e 3% E4A olF Ade FH
#Hgo] =% S0l &ds] EqrAst] Hues =Y
¥ = A&7} clusteringd o] TEdts AST wrAE A HEz 3k
o] vztWEl Ao 9 F &%+ Poisson process® RE# d}7]o+=
FAAsith ol Heletr] fl8 vgd Ad FA ALY 54 %
d & de Al REEo] AAEHAY A-KELM= Hd =
Hlgo] 2zt A9k KAQl F 7HA AH|, = AH 1, 4= 27F =4
o AA binel Aol AHl= viE o] e binolA o UsARAEE
ol wep At vtz ol de] vFAd=dEo] 3

bine AE] 27} Hw ul2 old] vFA

o] fit}, YRR vysARAgREo] AL
At g>19 A%ol= @A bindll v 4d 24

binol THe AE ¥l ¥ FEL Kivl H
=]
RLe

Jo ¢ i

HEE 5= A9 clustering¥d = dA4to] F=

Q w= A bind GEFAHAZAAE

J g3t gd5o] dudez #A FHo{A Poisson XS] 7
[e)

B oL 7Y (uniform)stAl F3E8HA H o}

Y 16, A-KEHe] A=

Kgtol weh 5 shetulele] os) Wabslo] Atk
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delta-l model arrival tirme
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08 H .
w OB 5
T
X 04r .
0.2H .
0 = = = A e = eI a s )
1] 20 40 G0 g0 o0 1200 140 160 180 200

excess delay

a9 1-7. Kgkoll W& excess delay 54

3. Saleh and Valenzuela (S-V) based = 4.

AR FY~HY Ea3E vEde Ad EEE o HdA
Ae A-KEYD oo S-VEdo] gty & HolA AAIF UWB
1R g2 QHISHA99 S-VELR R Eﬂ AlE ol sto dojxl
S HusE 2y A2 T WFHEAe] Rayleighw X &
Zkx] 9k 31 lognormal 3o 7}{}@{— A7} Aojxon o] A9
shalis 1987dol Wi d S-VEA Ao} fALSth v 42 S-VE

do] JHx S h(t)E e

hi(t):xizl_i |5(t_T|i_T|i<,|)

(1.6)

A7 A {(Ga)e AZ (T g Zeage] QAT {T)s

A Ze)xee] mgEazie] T ojg kA GEARARe A AA
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{Xi}¥= log-normal shadowing #A+E Ute}

7 2~
U, T=
A gF AR AR EEATe BEE o

q_EL

=
3 2

E
E
H

oo &

i

p(TyT)=Aexp[-A(T,-T,)], 1>0
p(rk’, ‘T(k—l),l ) = ﬁexp[—i(rk’, — Ty )] k>0 (1.7)
7|4 A+ F¥2F arrival rate©li, A ray?l arrival rate©]
o AE Aes v 2ol dejdn
A = PG B (1.8)
2010g10(&, B,,) o« Normal( ,, o7 + o3 ) (1.9)
8| =100

olw|, n, o Normal(0,57) n, o Normal(0,o?)

E[\f.ﬂk,u ﬂ = Qe e ™ (1.10)

A7) oA, Puz wate] 9siA Aswide =sryz /Ll =
H3, Q= 3 WA Fej2Ee 3 WA A2 Fi oA ot}

10In(Q,) 10T, /T 107, Iy (o7 +07)In(10)
In(10) 20 (1.11)

M) =
% %74 & o9 log-normal shadowing Xi& th-&3 2},
201og10(X;) oc Normal(0, o)
2 ~H lognormal oY EF#HAF (dB) o)

#©] lognormal #Hl¢o|d E+H=F (dB) 0,
% 57 29 lognormal shadowing #H o)W ZFHAx} (dB)

Q

X
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B 149 [2], [3]llAE UWB A 82~ $to] AHEuE= o}
dE AEdSE e vat 2ol 44¢= EFeuTh
CM 1 : 0 to 4 meters, LOS (120 channels)
CM 2 : 0 to 4 meters, NLOS (79 channels)
CM 3 : 4 to 10 meters (119 channels) and Intel
measurements report
CM 4 : 25nsec RMS delay spread ,extreme NLOS
multipath
A7VA A gl e SHAI 2 AlEdeld Ao fAE
YRS WAFE FOR e e 574 HebieE o) &84
t}. ¥ 1-2= =A A3 (Target channel characteristics)®t A & o] A
A3} (Model characteristics)E 57FA] IhebwEloll dlsfA]l Hluw sk A¥
oty Z}zke] rEol A FANE A e® Hol S-V Edo] A
UWB 4o & 4843 + des & + Uth
— Number of paths required to meet the 85% energy capture
threshold NP (85%)
- Mean excess delay
- RMS delay spread

- Probability of occupancy vs. excess delay

It

- Average power decay profile
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¥ 1-2. =3

Target Channel
o CM 1 CM 2 CM 3 |[CM 4
Characteristics
Mean excess delay (nsec)
5.05 10.38 14.18
(fm)
RMS delay (nsec) (Zms) [-28 8.03 14.28 |25
NP10dB 35
NP (85%) 24 36.1 61.54
Model Parameters
(1/nsec) 0.0233 0.4 0.0667 [0.0667
(1/nsec) 2.5 0.5 2.1 2.1
7.1 55 14.00 24.00
4.3 6.7 7.9 12
o, (dB) 3.3941 3.3941 3.3941 [3.3941
o, (dB) 3.3941 3.3941 3.3941 [3.3941
o, (dB) 3 3 3 3
Model Characteristics
Mean excess delay (nsec)
5.0 9.9 15.9 30.1
(%n)
RMS delay (nsec) (Zms) [° 8 15 25
NP10dB 125 15.3 24.9 41.2
NP (85%) 20.8 33.9 64.7 123.3
Channel energy mean (dB) |[-0.4 -0.5 0.0 0.3
Channel energy std (dB) 2.9 3.1 3.1 2.7
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Excess delay (nS)

Impulse response realizations

Channel number

Time (nS)

19 1-9(b). CM29] Excess

19 1-9(a). CM29]

Delay Time

gl

0

Average Power Decay Profile

RMS delay (nS)

Delay (nsec)

Channel number

CM29] Average

Power Decay Profile

19 1-9(d).

29 1-9(c). CM2¢] RMS

Delay Time
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Al 44 UWB AEd2E A¢ H LZES o] Al g H

1. UWB A4 24

=
7] Eoll HEE iy

2 S h(t)=2 obfiet 22 FHE AT

t)= Y 46 (t— 7, )exp 56, (1.12)
k=0

WB Az sgs AR o] A Al el

93 A3 dHs e FA Aok Ad dEa SH n(t) 9

AEF A (convolution)!  h(t)*s(t)eF & 5 sith 1 of = A<
<

dEx SR h(t)= 7AW S7F R P(baseband equivalent
model)o] 3L s(t)E= W ET Alsolr] wifoltt. 1¥HER s(i)E
1A 578 el uptojok &Avk UWB 45 s(t)= 7Helef
(carrier)7} floem=2 gy Moo A2 tds] v F= gl
thoolE AAs thg 2ol s(t)7h WEHE F0E 5, (1) E A
) A},
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s(t) = rect(—%)EAncos(anfot) (1.15)

n=1
71NN fy=-Lolth EF AwAOR AR G 0 olmE DC
3 dets Ay =07F Ho] 5 A= n= 1478 A&e

V5

L (1) = Anrect(—% )cos (2mfynt) (1.16)

A, #e s(t)e #Fe o8] AalA= o= Fourier W3 9
Fourier &< AlALel o] #Alo] oJefjA vt 2o= 8 5 lth

A =50 (1.17)
T f = nfy

1714 S(f)= s(t)® Fourier Wdto|tt. z}7te] 5 (¢)= WHE )
T3 nfpe]l o9 EH Aot Ha s (1) VAU StRES
s, (t)e Aelshd o 2ok

s,(t) = A,rect () (1.18)

r, (1) = A, arect( b7 Yeos 2mnf, (t—1,) +6,) (1.20)
T

A7 a ¢ 0= f=nfyFas AR A Ad S-S WERY



dehlle] 48 getd e 2

t—T1

r,(t) = Anzk: a, prect( 7 £ )cos (2mfynt + 6, ;) (1.21)

hy (£) = Yja, 0 (t— 7, )eap (50, , — 2mnfy) (1.22)

(i,
v

(o3
.
i
Jft
bt
fru
i
o
=
=)
_&
)
[
o
T
S
_\3
N
=

&(2) R i)

Decomposition
s &

Base-band () Al
conversion i

s : PO passband | 7@
conversion
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r(t)= Y7, (t)
t—m
T

+ Az%,lCOS (Arfot (t—7) + ‘92,1)
+ A3a3,1005 (6mfot (t— 1) + ‘93,1) +---
t— (1.23)
+ rect ( TT2 ) - {A1a1,2008(27rf0<t_7-2)t+91,2)
+ AQ“Q,QCOS (4rfy (t—715) + 92,2)
+ Azag ycos (67fy (t—7y) + 05 5) 4}

= rect (

) - {A1a17lcos(27rf0 (t—1) +91,1)

2. UWB €2 »d
a9 1-11a)2 FAF97E 42GHzo a1, H2AZo] 1nsec?]
= 10nsecT

Nz owkEale] g (1)F ARTT. AnHeR f = 100MHze| .
I-11(c)ell A BTo] vhe Fufart) o]

c
=
o3
il
[
>
fot
2
i
f
£
N oy

u)
c
=
os)

&
[
>
fol
3

E[l_
g3te] UWB F223% s(t)s A8t 19

1-11(b)¢k 22 Z23= fd= + Aok 48 UWB 22455 24
UWB #2459k Hasinm Ao 22 dHds = + Ut v
FAMFHE iFs= Fae AES o8t #48 UWBAZE
AlgolAl & Aotk
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Arnplitude

Amplitude

Original LWYE pulse

IR= o

0.4

Time

19 1-11(a). UWB H2~

Synthesized UWE pulse

w10

IR=N

06+

0.4F
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A RE rayel 49AT 30 el wAbEl & 54 whol
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ol
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3, 7zt MAMAIFETE g e ¥ g,e® age® D W o] BRA

32

o AA WAAFE ¢ aga5e”" T T A

ale 1P
/
Tx

d2

R X
aze B2
d4
d3
B3
a3e

a9 1-12. AW 2 2 v A

O] 78];7]_ kﬂd_ﬂﬂ 75];?_]_ 76‘“?— an,k:ala2a3/d7]‘ Eq—]—l

0, =81+ B,+ B AH, AYIM d=d | +d,tdytd,ClH

NAGE ARG FRARE SRS ASo] wep Depqu

_ _7pyc0s ;—7cosb,
~ p9cosf ;+7,cosl,

Ao 9, v MR 2A4s YEdE 5, g5 AH
Aaty 238 E Hol 3 intrinsic impedanceZA TR} 7

=

2
~,

n= (1.25)
e— i35
2nf
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ANA g, u, o5 A7 & (permittivity), F A& (permeability),
s

& (conductivity) & YEFHATH e=¢ ¢ & T3] HEA F71e

-9
e, =1 ZAAEE ¢ =55 1n, =L -8 sAesar

= p= g AW EVIS TAYE BE 4 =1 p,=42x10
& TEoE AEEH o A% wrle 10 Ve ZaYES

10 2= AFERT gy, 95 cos 0,8 #el AHAR cos g = snell’s
(e}

(o

LolaL g1gel 180 ol 7MYt A &etA

Ray-tracing impulse response
I:|15 T T T T T T T T T

0.1 .

0.05 .

Amplitude

-0.05 - -

_D1 1 1 1 1 1 1
0 0z 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Excess delay time

19 1-13. Ray-tracingg ©| &3 2 A}
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51571 4ol el 7
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1-135} 2& Avte
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3k
ho

<]
2
jm s

& o

= =2
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a9y

It
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T 3

t}

1-3. 357} 32GHz 9 42GHzY W)
NE(q, , )0 A

a'32,2

0.02226095206557

0.02216375834797

a32,5

0.04339639681459

0.04325450142463

a32,6

0.00345391799514

0.00342331500444

a'32,10

0.00425891732060

0.00422143880479

a'32,16

0.00089241571623

0.00088048164044

a32,25

0.00306827803292

0.00303853130381

% 1-4. F357F 41GHzE o
(g, , e At

Vertical Horizontal

polarization polarization
'941,1 0 ‘941,1 0
Oy, 179.15 |6,, 178.95
Oy 5 179.15 6,54 179.08
O 358.28 |04 ¢ 358.85
047 358.85 |04+ 180.23
Op14 537.4 |04, 538.97
O 18 538.08 |04 15 354.98
Oy 2 537.39 |04 539.18
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4. FHAASFE 183 nd @ A3
fANNANAE 19 1-149) 7510 ez Asst AddstA] 5=,

0= snell’s lawel 93] FaAH, dS Aeatd, 19 Aol d o}
Ocol ola T3t} Slab model®] HEAL Algro} T3} AFE thgat
2.

_F(l—PdZPa)

Slab —W

_(@-D)RR
Slab —W (1.26)
o7l = wkAL Aol A AWl A WAL AlGe] e 9y
A3 HES Ead Ayl o Fosng o] FREE uelstA] &
2 3 HE 47] Sl

SEREIEER PR

Ui 7, m

1% 1-14. Slab model o4 ¢] WA} 2 3}
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— Without the Wall
---- With the YWall
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2.5 27 28 249 3 3.1 3.2
10"

1% 1-16. Los A& e} W& Fagk 259 AlEgeld A

5. Software UWB Simulator

kgt AlEdely TR %LOM A3t HALAI S, E AR
£ o] &3}4 Ray-tracing ¥¢ilg]5S Visual C++2 Fd3 Zlolth
a9 1-17e B Z2a9s /grsg/\]gié— o OaZge] HE Fe 1)
ER 32 91‘:} rayE 27 9lalA 239 ZFe stRAE zHzE 100704
10000749] B=om AU Fae] AX7 AGHE $4 @
oA =4l W}X] 55 ALtstuA oyt A s ol & ATk

Nesg gAoA SRS FAR 942 dew 4F 4 9
o
A

o

on wFHAA DrawE F2W 23 1-18% o] t&3p o]

ray’b 945 <= A= & At}

i

+
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A 2 4 UWB Al2"9 FHA

UWB Alz=gle] =515 flaiAes 7€ Alz=date] el o
A77F Basith 7|E Aladoems UWBSH 534 d9S 5#3
T in-band AlZ=® 3t di9E AAd dFS ws
out-of-band Al=§l ZLE]al Tt UWB 7]7]5°] 2ol go=H
HAstE FHA TAE thFolok dH 7]£9] WPAN A<D A~
ged 54 A

oA b Wz

o 1=

Azglgelth, 53 5GHz B9 AS
802.11a(W-LAN S

|29e B8 UWB 71719 doje ZRstnz

~—

Al glol FEA AbEe]l HER UWBee] 744
Els
A
!

SRR Eat AT = A7 "2ast. 7]$9 PCS,
WCDMA 9% GPS Al2="lE52 FI35E
"o 93 out-of-band 7HA < 8Fo
W E L Qo] A Bk A8 22 o
A A "03d %= BHuA 9 7] AlAlE UWB 7|79 EIRP
Bt o] & vg o R 244 A= in-bandel| %3 WPAN
N E

FHEEAE Zov UWB A
FAE JE7)E ofd Ao=w
LdHYg. 18 A= 4 FCC
o]

Al gk
HESH
A vto] GHA FAE vFa 389 A= out-of-bandel
%2351 PCS, WCDMA, GPS 5 4 541 Alu|2 Al 2glatel
719l FHEA U] tFa HFEHo=Z 48oA RF Al 2

o] gHAES B3 4 9+ framework 22 S A A gk}
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A1 Hd FCC 74

1. 270

2002 2¢ 149 FCC(Federal Communications Commission)oll 4]
+ UWB Transmission system®] W3t First Report and
Order("R&O")E T xsIATE o] EA oA = UWBA =¥ 7] EA|
283 o] ZHAdoll digk W& oleld M4 e EdE HAstsH] §
st UWB Emission LimitS A AlsE3 Sl

20031 2€ 13Y FCColAl+ 200230 i3t "R&O'E H}E]“Oi

2t UWB S8A &8s hdets gibso] Ads /MEd & HiE
A3s ez "R&O"S Al tid g 2t e 71+
AN FALE o] UWBA &' o] ZH o] it g 3 a+&
Fobstar o, o3k g ARl tia] FCColA el s e
Wt et

2. First Report and Order
2002 2¢o xSk o] FA o= ZF UWB &8&A|2=Hlo] Z}7]
T oA ALgEod wo] WALEY T]Fol| g 14%%

Ege T Utk o YEES actaw ted 2.

o O

FN

B rfu

7}. A3} Imaging Systems.
A Fap ol m x| Al 2~®le] Fuka ®I9= 960 MHzol st o], o]
Fa4 HYolre UWB $8&Ax~"loz= Ground
Penetrating Radar(GPR) System, Wall Imaging System,
Through-Wall Imaging Systemss©] ¢t} ofefe] # 2-1
2 960MHzt 9 & A}&3l+= Imaging Systems?] HAMEE 7]
T2 YHEH Folt
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¥ 2-1. 960MHz ©]3}¢] ¥ <S5 717 Imaging Systems<]

WAL=
T3 o9 (MHz) EIRP (dBm/1MHz)
960 ©]s} §15.209 A7 A&
960 ~ 1610 -63.3
1610 ~ 1990 -53.3
1990 o] -51.3
T3 o9 (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -75.3
1559 ~ 1610 -75.3
A9 ® 2-1914 960MHzo]slell A o] HWAlZ|E=o 2 §15.209
gk WA ES AR s, 1 e ofe] i 2-294 Y
EFU LT,
ofgfle] ¥ 2-2¢]A4 1000MHz v %+ 9790kHz, 1107490kHz ol
Ao = quasi-peak detector® #&3lo] =430, $o Y
Z o]9|o| = average logarithmic detectorE % &3to] =4
® Folt,

Field Strength emission limits® olgje] 21& #8319
EIRP=Z %33k},
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3% 2-2. 960MHz ©]at¢] g Z&E& 7k WA &
Reference
A3t 7] |57 Al |Measurement
7 3} EIRP(dBm)
T (V/m) (m) | Bandwidth m
(kHz)
11.8
0.00970.015 | 2400/F(kHz) 300 0.3 -
20log  F(kHz)
11.8
0.01570.49 | 2400/F(kHz) 300 10 -
20log  F(kHz)
12.3
0.4971.705 | 2400/F(kHz) 30 10 -
20log  F(kHz)
1.705730.0 30 30 10 -457
30788 100 3 100 -55.3
887216 150 3 100 -51.7
2167960 200 3 100 -49.2
96071000 500 3 100 -41.3
Above 1000 500 3 1000 -41.3

EIRP(dBm) = E ,(dBuV/m)+ 20log ,D(m)—104.8

.

tt.

o]

F 5t

)
It

2-32

=7r 34 Imaging Systems.
ST olu A AlAage] Faka M= 1990710600MHzO]
& H $] o] A £]

Through-Wall Imaging Systems,
o} o

_40_

UWB

L EA~EO 2=
Surveillance Systems©]
1990710600MHz tHH) & of] A 2]

Imaging



ol o},

w

ERl

=]

Systems?] HAIZH 7| #S

3 2-3. 1990710600MHz t %< 7}zl Imaging Systems9

=
WAL 5

T3 e (MHz) EIRP (dBm/1MHz)
960 ©] &} §15.209 WAL= A&

960 ~ 1610 -53.3
1610 ~ 1990 -53.3
1990 ~ 10600 -41.3
10600 ©]7¢ -51.3

o e (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -63.3
1559 ~ 1610 -63.3

t}. 1539 Imaging Systems.
aFal olu A Alxdle] Fakg W o) 31710.6GHzolH, o]
T WeldAe] UWB §8A2"lo=2% GPR, Wall
Imaging System, Medical System, Communications and
Measurement  Systemss ©] gt olye ¥ 24+
3.1710.6GHzt S ol A 2] UWB &8 2d WAEH 7]+ LE
A ol
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# 2-4. 317106GHz 9 %= 72 UWB &84 =5l 9]

WAL
T34 o9 (MHz) EIRP (dBm/1MHz)
960 ©] sk §15.209 WAL7E A&

960 ~ 1610 -63.3

1610 ~ 1990 -53.3

1990 ~ 3100 -51.3

3100 ~ 10600 -41.3

10600 ©]% -51.3
T3 e (MHz) EIRP (dBm/1kHz)

1164 ~ 1240 ~75.3

1559 ~ 1610 ~75.3

2}. Vehicle radar Systems.

A3 Aot Azde AgeE T4 Fuast
AN AHEIHEE FAGFED

24.075GHzo] 0.2 FA A

NS AgEES Sk
obele] E 2-5% A dlold] Asgel Y WAEHES

Jerd ®mol .

Ay g UWB 717

AW g UWBZIZ1e] F3b5 1S 31710.6GH S ol M, 54
zpez 745 8om A WA AC ALAS ol gael ul
= AuelA galor s, T WAL gEHow F el
AL G5 T A, Ao R S5 MAE dHLGE FF

o] % 2-6& A& UWB7]
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¥ 2-5. A% radar Systemse] WAL7]=

T3 e (MHz)

EIRP (dBm/1MHz)

960 ©]3} §15.209 WAL= A&
960 ~ 1610 -75.3
1610 ~ 22,000 -61.3
22,000 ~ 29,000 -41.3
29,000 ~ 31,000 -51.3
31,000 ©]4 -61.3
T3 g9 (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -85.3
1559 T 1610 -85.3

T 2-6. AUE& UWB7] 719 WA} 71=

T3 e (MHz)

EIRP (dBm/1MHz)

960 ©] 3} §15.209 WA= A&

960 ~ 1610 -75.3

1610 ~ 1990 -53.3

1990 ~ 3100 -51.3

3100 ~ 10600 -41.3

10600 ©]7¢ -51.3

T e (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -85.3
1559 ~ 1610 -85.3
v Fdl€& UWB 7]7]

Fol€& UWB7|719 F34 g9 31~10.6GHzolH,




TS dof st Aol At EIF o]lE VU= AHAR F
o, 4 A= 10~15m= FAsa ok =3 o5 7
71e AAAR e, $4 Ags 10~15m= g8t
th oot o] & 2-72 Ful& UWB 71719 WAL =95 Ykl
stolth

¥ 2-7. 2AWE& UWB7]7]19 WA 71+

T e (MHz) EIRP (dBm/1MHz)
960 ©] &} §15.209 A& A&
960 ~ 1610 -75.3
1610 ~ 1990 -63.3
1990 ~ 3100 -61.3
3100 ~ 10600 -41.3
10600 o]/ -61.3
T3 e (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -85.3
1559 ~ 1610 -85.3

3. Memorandum Opinion and Order and Further Notice

of Proposed Rule Making

2003 39l 3t o] A= 20023 TR "R&KO'E VT
o2 7} UWB S8A2]E /Mdetal & A AFAelA Zh2zt
o] SE&A2He gt HAE ZAIE vy oR "R&EKO'E FAHINE
AL st on, 71EY FAAH~ A AL A= UWB
Al~glog Qg e ek &S g o= Q7AES AASHA
dAol tiste] MeEdro=w

o 3k
Uetien, d5 a7l digd Wes F8&ste WEs E2dsta



obefj o] W& 20039 "MO&LO'A HAH Fao W& AMs Z

EA

7}

&ttt

GPR and Wall Imaging Systems.

200219l GPR System¥ Wall Imaging System< F3 Tf
ol ZkzF 960MHzet 3.1~10.6GHztH oA A3t =S ¥ o]
Ko, zZtzbo] thste] WALEHS ARG FUTE 2
20033 "MO&O" A= 910~1610MHzt] ol A o] WA &= 8
=t &3t sFATE or#e] ® 2-89d4+= GPR¥ Wall
Imaging System®] WAIEY 7|&S UEHASH, 59 FA
H Aol 2003 e WAGE FEol

ot

¥ 2-8. AWE& UWB7]7]19 WAL 71+

Tyt e (MHz) EIRP (dBm/1MHz)
960 ©| st §15.209 WAL= A&
960 ~ 1610 -65.3
1610 = 1990 -53.3
1990 ~ 3100 -51.3
3100 ~ 10600 -41.3
10600 ©]7 -51.3
T e (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -75.3
1559 ~ 1610 -75.3

Y. Through-wall Imaging Systems

20023 Through-wall Imaging System< 960°¢]3}2] =34 U
A3 1990~10600MHzAl A &2t =s  FASIE . 2003
"MO&LO'" N+ 960MHztl Hol Ao wWhALE=="H 7] =3 1990~
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10600MHz o 4] 2]

5ol o},

A=Y =

obefo] E 2-9o4 YEhR o, 5 FHEol 2003l

¥ 2-9. 960MHz W&ol A2 Through-wall Imaging systems<]

WAL
T e (MHz) EIRP (dBm/1MHz)
960 ©] 3} §15.209 WA+ A&
960 ~ 1610 -65.3
1610 ~ 1990 -53.3
1990 ©] 4 -51.3
Ty 9 (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -75.3
1559 ~ 1610 -75.3

3 2-10. 1990~10600MHz ™ & el A €] Through-wall Imaging

systems®] WAL

F314 e (MHz)

EIRP (dBm/1MHz)

960 ©] s} §15.209 WAL= 48
960 ~ 1610 -46.3
1610 ~ 1990 -41.3
1990 o] 4+ -51.3
T3 Y (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -56.3
1559 ~ 1610 -56.3
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t}. Surveillance Systems.

2002'd "R&O"SN A= 1990~ 10600MHz8] ] & o] 4]
= FAsEh 2 200399 "MO&O A= ol
wFow FAH

WAEY T]Fo] 4

5ol o},

g At

¥ 2-11. 1990 ~10600MHz © &l A4 2] Surveillance systems<]

ALY &=
ZF3b5 el (MHz) EIRP (dBm/1MHz)
960 ©] 3} §15.209 WA= A&
960 ~ 1610 653
1610 ~ 1990 563
1990 ~ 3100 513
3100 ~ 10600 413
Above 10600 513
Ty oY (MHz) EIRP (dBm/1kHz)
1164 ~ 1240 -75.3
1559 ~ 1610 753
4. = %—ﬂr*bﬂ AAZE 2 EIRP
obefel F 2-1201 M= U AA ZES UEhd 22 YyeEa g
7.
¥ 2-12. Y AA A=
AA = AA = EIRP
=] Rl RBW
. [uV/m] | [dBuV/m] [dBm]
KL (9KE~150Kk)
3290 W] 500 5398 | 10Kk (150KZ™30ME) | —43.48
100Kz (30MHz~322MHz)
322 ©] 4 100Kk (3220~ 10
35 30.88 6658
10CH =] %t 1Mz (16 ©]A))
100 o] A+ 3oxd 10.88+ 86,58+
150Gk ] ZP (= W &9) 201' (f) 1l 201. (f)
til (0] (0]
(5F 50001 3}) & &
1500 ©] 500 53.98 1z “43.48
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Al 2 A In-band A" FHA

1. IEEE9| A|t®E WPANH S 4HAd 2
UWB 7]7]¢ke] Fid H71E s dirgoz 9o AAld €
3 EdS AREEH

TXx
Ref
| d |
| |
802.15.3a Ref
Tx R x
29 2-1 F94 97 2

N

Ref Tx/Rx+= A= B4 F< 7]£¢ WPAN }\]/\Eﬂo]tq ]
UWB 7]17]7F Ref Rxell &+ 3<S wW WPAN 7]7]19] A5 <]

A ZtE = UWB 7171+ Ref Rx Akol o] A7 e] doll "41 2acs
&2

o
g3

o{l
& ol
P B4y X2

1

ol
=

O

e F=3 Y Aol g A AFte dMAo|t) A Ao }
Ref Rx7} Ref Rx9] receiver sensitivity Xt} thieF 6dB o] 4] Al
2 Faldta 9lE AgelA UWB 71717F 2438te] BERS 10 o] 8}
2 "oyl Ag dE FolUle Aolth. 6dBel interference
margin< 802.15.2 Y 802.15.4(Zighee) A]Z=®le] 7]&E Al2®H & 39
FYA S ZAE wE AlLE= 7] Fold)

Kel

& ¥ 2-13% Time domainAlellAl WPAN Al2¥l3 UWB 7]7]
He] FHAES ZAMe7] fElA A g Folth o] FolA= WPAN
ANz"Ee FRE U 7 A =g AME Fag gy, vax
A% 5, FQgain, receiver sensitivity atES A AL o]o] AT
UWB 71719 3§ EIRP #E<2 XAMEIT dE &9 5GHz W9 el

A F2sE 802.11a Al2=Hle] A& HxA o] A|A~de UWB (HY
o] ¥ 9% receiver sensitivity’} -82.3dBmeo|ti. ojw] A =Z&A
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FAEYG AR Ze Fro 7 coexistence maskell
g 2-27 2o} 24GHzol A &2}stE 802.11b9)
7] feiME 659 dBm/MHzZ WAL d2o] A
of 2 WAbdE AFS dZAsr] flsiAE UWB
420 IHHS FAY T dgS AESHA
Wale]l @ ofo] fisiAE 4 ‘3 HEME B

3 2-13. WPAN#9] 4+HA

Wrdess Savice 8r11b gr151 gr153 ar154 8211a
Frequency of QoarationGHp) | 24~2484 24~2484 24~244 | 24~2484 | 515~53H
Medlyee | C8SSOK GX OCPX K B
Wirdless Receive Arterna Gan(cH) 0 0 0 0 0
Wreless Savice Rec..NHAB) 10 23 12 15 10
Wieless Service NBAMM-) 2 1 12 25 166
KT @sddBmMb) 174 174 174 =174 174
Wreless Savice Rec.Ndise Aoar(dBm) -0 -91.00 -91.21 -»®@ 918
Ceta Rete(Mys) 11 1 2 025 6
Wireless Sarvice Impleentation Loss (0B 4 3 4 6 5
Wireless Savice Godrg gain (0B 0 0 0 5 51
Wirdless Savice BR 1.00eB 1.00Eb 1.00Eb 1.00E(b 1.0
Wreless Sarvice BONO g (B 106 180 120 100 96
Wirdless Sarvice Rec. Sensitivity(@Bmino UAB -8 —=0.00 =21 e ‘230
UNBBRP (dBmM-E) MninumQiteria Mesk (1) -61.3 -61.3 -61.3 -61.3 538
UNB B8RP (dBmM-) Desired Qriteria Mesk (+1) -9 69 69 -9 -3
FGC Hanoheld UABBIRP Lirit (cBmM-) -61.3 -61.3 -61.3 -61.3 4.3
Wireless Savice Rec. Sersitivity (0B with -4 -0e2 .86 803 7.3
MrumumQiteria UAB
Wireless Sarvice Rec. Sersitivity (0B with 68 -863 7.8 —/991 7.3
Desired Giteria WAB
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45

ISM “minimum criteria’ FCC Handheld Emissions Mask
coexistence met L

=)

4

— UNII notch for “minimum
[ : \ criteria’ coexistence
't h-a L . .

: N UNII notch for “desired
\ criteria’ coexistence

2

'EIRP (dBm/MHz) |

ISM notch for “desired
criteria” coexistence

Iszrequenﬁcy (GHTZ)

a8 2-2. Coexistence Mask

2. ITU-R TG 1/84 |79 WPAN#H9 FHA
7}, Aggregate {H4 7 R
a9 2-347 2] /e UWB 1H el shvhe] 4171 (Victim
Receiver) ¥l ¢ltta &t=}b. oju] UWB 7+ e ¥
U #Zol yEbd 5 sl

T -
-

(2.1)

o714 N& UWB $Aa17]19] & 4ot}
rmin?toll = UWB $21717F $13 e Bl UWB $21717}

d&e A8 7AA Eeval HEeY RERE das e



@ x

@ UWE Syskem

19 2-3 vere] UWB 3HA e s ol A ¢ =417]

0 7<¥ min and 7> 7
f( 7/) — min max (2 ) 2)
TZ_VVT re[rmin’rmax]

71 A f(r)& UWB $A1717} stz &A3ga s uix)
2 rotol 1 3ol UWB %417]7F &4)8 s8]t}

AR £ ZdS two-way ZEE 7ML riE golx
© 2o 9= UWB $AI7|28E 229 Aszdae g
2ol & & 9

_ ANY_do \®
o=l ) %)
two-way 9o A]

o714 Puwste UWB #HHoli, dyo

breakpoint A& & &3t}
TE UWB $2171258H =438 b4 d3-& mean square
51
=4

valueE o834 th3 o]
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E[P ]—Nf ) P(r)f(r)a’r— 27rpf ) P(r)m’r (2.4)

(23)= ol&dAx P,= T AdtaiE™ tay #Zo]l yErd

T Ao

A lndX 1
P = 27TpPUWB (A—) mdr
)\ 1
min 1 _|_ min
dy

UWBinterference

- user/m” (2.6)
A
271 (Tnins do ) Pyws (Ej

. WLAN Azl e UWB 71719 #H4& 3184

ofbgfe] 19l 2-44 % Access pointe} EAls= WLAN
T UWB £21717F o8 7 d& o , WLAN F417]
¢t UWB $417] Alelo] HAAeE e BHAL

WLAN 41719 SINRE &3 Zo] xdd 4 9t

P +Const
N+ UWB interference (2.7)

SINR =
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UWEB Dévise

a9 2-4 UWB 7Hd9o] l&= WLAN ==

o 714 Nox= thermal noise®] il Prt access pointol A9 %
A A8 Conste A& £24 dBE et
dBmo. = YeulH o5 2

SINR(dB) =P (dBm)+ Consi(dB) — N ,(dBm)— M(dB)
== S]NR( dB) without UWB™ M( dB) (2 . 8)

(2.7)°1 A Noise & UWB 74 A ES dBmeoe = dAkstd o
=3 2ol YEd & St

N+ UWB interference
101log

10 °

— 10log NB y N, + UWB interference
103 N,

— N,(dBm) + M(dB)

(2.9)
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o714 M2 gheol hel HaiAm=R A geol +
7bek A& dBE #dd %
7

5}
Od 22 UWB H4 S tew

UWBinterference=(N0X10 10 )—N0=N0<10 10 —1) (2.10)

UWB 21715 F41710 7} 7d7ke] &= UWB F417]
b FAVI2RE "ol of st A%t ATE oty $3)
(2118 AFgg 4 Atk (211)dml FHHELS kg g
UWB $217|2588 A8 744 Algdgela e 7t
ANFo ¢l M dB %F SINRe] d3tgS vetith. 1
2 (21DoA TAS wEstE rgke]l &t HA
7b "ok S HAAGERY ZolA W olwle 87 H = 21
Fo R Hk=EAl SINRES EsiA71WHA ro] HAaAE ol

T¥ SINRES wEd % 9a UW 2

= 82
2 49 aFHE SINR 24 ® HEALFE o)

i

X

ws)
oy
>
N
=

(21D o]&al WA 802.11a¢te Hd HAAE vl B AL,
do7} 5m¥ ]| FCC¥ Emission limit
(P yup=—28.29dBm/20MHz)=  1#stil  WLANF27] 2}
UWBEA 7] Atol o] HAAZ(E TotH & 2-140 AA=

a3s fds 7 ATk

3 2-14. 802.11a%F UWBSFe] A7 2

Degradation (M) Separation Distance (r)
1 dB 115 m
5 dB 6 m
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npzk 7R 2 802.11boll A do7F 5m¥ W, FCC2] Emission limit
o

& w8etal WLAN 417198 UWB $417] Alole] FHAa7d
(r)E 3 FCC Emission limit®o] < uj

P 1uB <302 116 Bandwian = — 31 .871dBm/22MHz for indoor
P 1w <302 116 Bandwian = — 47.871dBm/22MHz for outdoor

d w3 2159 AAE AAE I F

o)
PR

3 2-15. 802.11b¢F UWB2HE] 47 &

Environment Degradation (M) Separatlo(r;) Distance
Indoor 9.27 m
1 dB
Outdoor 757 m

ot UWB 7]719 Hu s&44

UWB $4 A8 HAas a7 fsiA 2602 vS3 2
o] Mgttt UWB 44l7] U7} 0.2user/m*o|etx 7} st
UWB interference® (2.10)2.2 #33H UWB 7H4 78

Pyyp = UW Binterference (2.12)
)\ )2

pQﬂ—I(Tmim d() )(E

802.11acl thgk UWB 7719 Htj 3
of AAleE AAH Arke

oo
ofy
2
2
I
rlo
Ei
)
L
o

¥ 2-16. 802.11a%l 4 UWB Ho| 38 54 d=
M (dB) Puows (dBm/MHZz)
1 -122.57
5 -113.36
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el Aitoll W= 802.11a%k UWB Ateloll A ¢3S 7HA
#W FCCe Emission limit¢l —41.34Bm/MHz Rt H o=
72dBE ¢ "gojmyopxut T A]AHlo] Az dHEAS 71
S ke AEe] vpert

Ao A SR 802.11bolA UWB Hol 1H4 dEe M=1dB

P yyp= 0.25xN 5 =—80.5dBm | MHz

0.2x27I(7 min do)(ﬁ)

(2-13)

7} o

o] 802.11be] ¥HAAS zt7] fsiA= FCCe Emission limit
—61dBm/MHz(outdoor), —51.3dBm/ MHz(indoor)®.t} 2t
Zt 90dBloutdoor), 29.24B(indoor) T Eojrmglokrt F A]x
go] & 14 slo] FHE =+ Stk
2% 2-5(a)dll A= 802.11a &5417] Abolo] A wE o]
H AdEES Uetdida. 28 2-5(b)elA= 802.11a FAI7I=
B Rmin ©] 10m A= a°17<4 AS uwW UWB 7Hd o] ¢l
Aol vlEiA dHoly HEEeo] Bol "olHdu. 19 2-6(a)(b)
o = UWB 7]7]9] Zlﬁ% o] = Ao LI olAA
2 7F Roin®ll 1= 450l tisir+ 802.11b FF41 Al ~81e] A
SES HER AT
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Data rate and Radius Data Rate and Radius

55 Data Rate=f(radius) — 60 RMin=1m —
50 Rmin=2m
50 Rmin=5m —
45 Rmin=10m —
o ol S
Ess £
§30 FEY
g2 8
20 20
15 10
10
5 — 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Radius (m) Radius (m)
802.11a without UWB 802.11a with UWB
@ (b)
a7 2-5. UWB 1H d#e] oA Ao up&
802.11a¢] dloly HEE
Data rate and Radius Data Rate and Radius
12 " Data Rate=f(radius) — 12 ‘ ‘ ‘ ‘ "Rmin=1m —
Eminz%m
min=5m —
10 10 Rmin=10m —
g’ 8"
g 6 g 6
: g, ‘
2 2 L\—\
o E S N L VR
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Radius (m) Radius (m)
802.11b without UWB 802.11b with UWB
@ (b)

I 2-6. UWB Hd 3o o] A4 Aol u&
802.11be] dHlolH AFE
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3. IEEE 802.15.3a Alternate PHY
g 2-2004 YERd gEA wpaAo

Atz 184 7]
2 WEZ A5
802.15.3a &A%
A etst UWB =
A Qg A SALE S

vl

S

Al = A
FFow Aotd hEA UWB 3
Apope

EERPA R B

L= .

al T =2

RN-L1-=

2-17¢}

A ks

¥ 2-17. IEEE 802.15.3a Alternate PHY (1)

UWB A 2~Hl&
& 7FSAIRE BEixed ATt ofd thE e HX
2-184 A &=

&

IEEE
mo] A Hl

HEF At} XtremeSpectrumAFS

Companies . . o
ferrs XtremeSpectrum | Time Donain Wisair Philips
Band Oud—8and Multiband Multiband Multiband
Modulation MBOKHBPSK/QPSK BPIKQPK BPSK.QPSK SKHQPSK
Bit rate(Max.) 1200Mops 1028Vbps 1000Mops 480Mops
Symbol Rate 57Msps, 114Msps 37Msps/sub-band | 35.7 Mops/sub—band | 11Msps,22Msps
R-S (High speed data), Viterbi, Viterbi,
Coding Corvolutiond, =102, 34, (D) | =1/2, 34 () Turbo G
r=1/2, 3/4
Concatenated
Interleaving - Time—freq. Time—Freq. Time—Freq.
# of sub—bands 2 16 30 (overlapped) 12
Power 3 Tx : 190mwW Tx:85~125mW Tx : 114~176m\V
consurmption Rx:275~325mwW Rx:130~180mwW Rx @ 282~760mwW
Chipset schedule 2003 (3 Chips) 2004 (2 Chips) 2003 (2 Chips) -
200Mops(1.368GH2) : 128Mbps(7band):3.5 | 125Mops(7band):4.84
. ) 6.7d8 aB daB
Lirk Marain®W) | 4y ops(0 79601) - | 257Mbos(Tbend)85 | 250Mmbos(Tbend)s,
2.1d8 a8 9B
# of piconet - 6 6 4
XtremeSpectrum A= dual M= A 28-S AREF O™ o 7] A A
&ot= w2 Fa 19 17 (a), (b), (©F YHEHAH. o] A[2~H
NME & HAFEE 2 HS AWAT 874 "W 25 HEE
AESE WE A WA R e Aol 2 W Fol 0
T2 AMESta g2 AgelA 29 W=, sto] MEE s Aol AFES|
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A AEES

= tis}st= 3714
2-18. IEEE 802.15.3a Alternate PHY (2)

2Eg A A

J‘—_LL
Cormpanies .

s Ceneral Atomics Tl Intel
Band Multiband Muliband Multiband
Modulation SKHQPSK TFI-OFDM/QPSK MBOK-QPSK

Bit rate(Max.) 1300Mbps 480Mbps 1073Vbps
Symbol Rate 12.8Visps, 19.6Msps 3.2Msps -
i Viterbi,
Coding Turbo Code =11/32, 5/8, 3/4 (K=7) s
Interleaving Time interleaving Time—Freq. Block Interleaver
# of sub—bands 4-12(B.W.: 500MHz) 14 13
Power consuTotion Tx © 123~156mwW Tx : 9BBmwW _
o RX 1 184~436mW R 142~156mW
Chipset schedule 2004 (2 Chips) 2005 -
Lirk Margin@ W) 110Mbps(5band) : 7.00B | 110Mops(1.584GHz):5.50B |  108Mbps(7band):6.308
gniE-. 200Mbps(8pand) : 11.0dB | 200Mops(1.584GHz):10.2dB|  288Mbps(7band):14.3dB
# of piconets 4 - 6
Low Band High Band
T Vo
7 7
% 7
%‘ .
% ﬁ
D 7 P SRS SR Y W
3 4 5 6 9 10 11 3 4 5 6 7 8 9 10 11
(a) (b)
Multi-Band
| 1A 1 | 1 | 1
T 1 T T 1
4 5 ) 7 8 9 1 11
(c)

19 2-7. Dual-band Al 2=€l¢] 7
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822 AAlE dual = UWB Al2=E"E2 WPANS 5GHz ﬂ]‘ﬂ
& A8l gomz oyl 1A

= =
8.2 XtremeSpectrumARF =i & 8} a1 MI_/ UMz 3AELS WPAN
o] FPAAS HsiA BEHWME A]J2H

Unexpected
A Interferer

Low Frequency Set High Frequency Set

Sacrifice sub-band for coexistence and interference
mitigation (based on regulation and geographical location)

a9y 2-8 . HEWME A]2~® (Wisair Co.)

a9 2-82 HEIWME= A" 5 Wisairol| A A oksk A
A 3 A

Solt}, o] 7] A

WPAN AHg #3545 9o AHge 84 geo

£ eIt 531 7 e 4

4tz IR HHe AT
F g

d AR RH Wisair, IntelAbE A2 A HEWMEE AME-
st A Zb sub-bandE OFDM Wx3dt= HEM= OFDM UWB ®
= el A StE ek,

OFDM UWB W%+ UWB RF 2=9E#HS o8 7)o 528MHz9
sub-bands® YW+ Z} sub-bandi= 128709 portion®. 2 T U} o]
4 3 portione 4.125MHz7}F Fth.(e. tones) © WHE7|H& Z+z)
9] individual tone =+ group of tones, &< sub-bandE AAl o] =

g Ade 1= AL § ke

=
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3332 - 3339 MHz
3260 - 3267 MHz  3345.8 - 3352.5 MHz

N\

¥

OFDM sub-band with groups of tones having
individual power levels

18 2-9 ~#E Shapingo] ¥

OFDM sub-band

T
with radio astronomy servicef
protected.

9% 2-10 OFDM sub-band
9] tones on-off

9 2-9% sub-band®EE tE HAE gas 2t E I £ e
AgAQ oot} s@do=z= 7 2-108% 2 individual tone
52 group of tones fIPO =N 7|E AH|AE Bod ¢ T

o9} e ~HET shaping 7|2 WX 7|HES yAREH oz
A3 4 7] "otk H&o]l Zt sub-bande FUY o= I
Bl g & AF&3lo] out-of-band rejection S = F 9t
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Al 3 A Out-of-band A| 2" 1o %A
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2

2

o, N
off

>
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i 15 Folth. UWB 7]7]9] o]&-&Alqu] el w3t
< A F AR e 5 A A= 2 olF
gl UWB 717174 2484 4l 22 dgojmgs A
UWB 7]7]¢] EIRP gt 3 A2 Agel tgk &4t
W2 UWB 71719 g Addd wg g7t =
A FHol UWB 7[715°] v EAst= 4
R EIRP #ke] ®sle] o3k doly rateo] 74,
s7h 3T A4 SdHES S T Bl did
71X = Aol tisi A ITU-RolA AAgE Aol of

o M

2 > oo
Piew
O

1o

>

o
=
)—U

o
off

e ol
B>

o
N

L

ANz o NOXE O ool of 2 X B X
°

o BN
ol
- >
<l
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_

off \IT'Q
&
£

-,
off

Zol UWB 71719 3§ 7&d

2
o
29
(.
=)
~
N
N
¥
>

EIRPyax = + Iyax — BWCF - GR(©) + Lp + Lg (2-14)
2 39 A7 Mhaxe FA 9ol HAE FE8k= A T
=, BWCF= UWB ®WALe] PRFe] #3F victim receiver IF W] <%
Br)olld UWB &9 HES RAS= e ¢, GRO)=
UWB 7]7]1¢] "k A 9] victim receiver ¢tElY FEl o] 5 Lpx= &
A3 FAEkE IV Atolol A Hup EMol e A SHEHILE
insertion loss ©|t}.
BWCF&= UWB 7]7]¢] PRF, 41719 IF 9% reference 9
Z(RE IMHz) 9 Zdid el <o) Al =AM Ay
ITU-R #A5E #Fast7] vpgtrt 32 2-19¢ UWB 7]7]9k¢] 7HA o
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ol
38

i

]_

1 7 Azsge A

St Aol HQadk olsEal V7ES U4
ok 2 receiver sensitivity #E°]t}h.

T 219 ol FEA AlsE WS

. : System .
carrier |bandwidth L Sensitivity
System sensitivity
freq. MHz dBm/MHz
dBm
GSM 950 0.2 -108 -101.0
CDMA-2000 1X 1900 1.25 -110 -111.0
UMTS/WCDMA
2100 3.84 -105 -110.8
FDD
GPS L1 1500 10 -1175

A olFF4l 717159 spec 2 Friis

WA AE o] &allA dojx 4179 UWB 7]717ke] Al we) &
7Fsdk UWB 71719 EIRP #¢] x5 Host A7 Im A
3 EIRP o] -60 dBm/MHz ©] 317} 5|ojo}

FCC 8& WA #EE 08 A% 913 WLANS A 3&
= A5t ARk o

= T E
7ol F3F ¢ ® e WL 9lomg EY A HEZ Q.

ol
O

EIRF dBm/
hiHz

-100 |- - 2ms CORAZODD 13
(é —#=— UpATSANWCDRA FDOD
—= P31

L L L L L L . L L
o a.s 1 1.5 =2 2.5 = 3.5 4 4.5 =
Frotection Distance (meter)

% 2-11. Aol ©& UWBE EIRP
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UWB}\]/\Eﬂo]
a8 2-12¢) A3 4
Ao = FAA
WCDMA A]Z~Hlo]
& 8= RF/IF 5-7F 9lomz sebreighnt vl o 24 WCDMAZ}
old & Aadl wAs JEFS FAbsted €82 e
frameworkE A Al s}z kot

T4 ¢HHUE F3 FAH= Ae= WCDMA 41%, UWB

A5
a2l AWGNE] go] #oh 53 H4 o] valzl WCDMA A3+
downlink®] 5% F9<-d9(2.11GHZ 2.17GHz) 953 dHE %5
I3t ¥ RFS%H7]E AR [Fdde® Hold & Ui IFSE7]&
AA 3 IF gy SHE2HE T4 § baseband AT = WFE o] &
ZHo g

LG=}
T
BPF o —>— —>— —»{ BPF(IP |—»{ DEM

F=L F,.G, F.G

6 FR=k
G-} b =M,

a9 2-12  WCDMA 4=417] block

a9 2-12914 F&
conversion loss®] T}

Adz A4d9 AA FAEe F7F noise figure, F = Had 2
o] et 4 2l

S

rr

E99] noise figure, ¢, © °l5, L,
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Fo,— Fo—
F =F +—* 1+ 3l

+ - .. 4+ F”_l
G1 G1G2 G1G2' e Gn
(2-15)
F,= 739 F_% noise temperature ¥4 F_ =1+ %ﬁ |
0
o] 3 A T, 7% F 994  noise H¥E N =
Np=kTo+ TWGuB °12L 7N ¢ . =66, - - G,°lth
JHBE A A4Y U FeE
S cas — k( TO + Tcas)G cas (2_16)
ou Bz A p

1.38x10 ~*(J/ K)(w/jHz) = —228.6dBw/kHz = —168.6dBm/MHz ~ °I
k.

WCDMA?®] &4 T3t el FCCAlA rAlstal 3= UWB
HFAL A& &

49 & -51.3dBm/MHze]tt. UWB$] EIRP7} -51.3dBm/MHz%

[}
W ,HE "elxl WCDMA FA17]e] #4151 UWB 1845 219
P& T3t ol 7@ 4 Utk

p - (EIRP)G ,

2-17
L (2-17)
2 @2-1DA ¢ & FA SEY olFeln [ = AREARA
two-rayR & A B¢ Ls=(%)z(i;d)zi vepd
0
At}
Ase FaA AdEes dBm/MHzeE92 Fdse 1 ol A
dBm/MHz7} dthal skxf o] A

4% UWB el <8k noise
temperature T, A = ;7T @A 8l 1, =4a/27F AT
A g2l <bH Ul Eol o

[}
;(L.E Z] g:]j )

- =

1- =

= % noise temperature T % F

A
Bt ot g 2ol ue B 9l

T.=T,+T,
Sy=KT.+ T.)GC . (2-18)
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1°" i . : : : | ---- distance Tm
-- distance Sm
-- distance 11m
-- distance 13m
---- distance 15m
—— Qualcomm criterion .
—&- OPSK BER cure E

L SRR

] "'“‘(_ﬂ_ﬁi m
e L P

1w} __H‘E}m

Qualcomm criterion

13m - ‘n_j'Im

QPFSK BER curve

5
10 F

10

N
2% 2-13. ol AA el WE WCDMA BER HA "

1% 2-13v= WCDMA Al =813 UWB Al ="l 3ke] o] A7 g
£ WCDMA A|2="19] BERS YEY 1Holth A4 BERS & g4t
g g Ad a2y s EFFaEA Aok vt Wt g chip
o] 3 hitel sFItn 7 E L QPSK Hx7] 37 g s)A

BERS ZAletith QPSK %41 QPSK %719 BER W E,/N

p-U

o

A7 FAM o]t} Qualcomm criterion AL AR} A A A S UWB
WAL AE St E Vo2 Aozl Aot & QualcommAtel A=

SHAE noise floorE 1dB A5A17]1E HAAES HY 3 &
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\ - — distance 15m
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9 2-14. 15m o)A A oA 9] WCDMA BER =4
noise floorE 1dB A<5A]7]+= ZA & noise floorH.t}h 585dB ©]3}<9]
Aol gt QPSKRZE Awe) BERE Lo Lo

olnZ N & 1dBSAIZIAl HH BERe] AXA Hw o7]e w3
ol a#z FAol #HF criterion¥rd o]ttt UWBIHA Y-S WCDMA
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(E 4/Ny)

10"
- T ~ - distance 15*3
T —— Qualcomm criterion
S o~ QPSK BER cune

10% R
10°
10"
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10
10° ‘ \ w | ! ! | !

1 2 3 4 5 6 7 8 9 10

% 2-15. 16mA el Al 7] UWB 7]1717F & w2
WCDMA BER =4

a2 2-15% 156m "olA dE A JHe UWB 7Hd ol S o
WCDMA <=4171¢] BER %414 vkl Zolth

a9 2-15% 156mAde 170, 20m Aol 371¢] UWB 7Hd Qo]
AT A5 BER FAdolth o]st o] AlE#HAS Tt
a2 A3 74F Zdrkolel i UWB M99 ko] Agish Aow
vebytth 2 Ao A AetE frameworkS o] a4 WCDMA 29
t}2 RFEAI~H"o delvel eSS Y3 UWB g9 wE BER

A5 JEE 2 2 5 Ak
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