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A Theoretical Model of The Circular Polarization Diversity for
High-Speed Indoor Wireless Communications

Jung-Hoon Park

Department of Telematics Engineering, Graduate School

Pukyong National University

Abstract

In this paper, we analyzed two-branch polarization diversity at a mobile
station in NLOS indoor environment when a base station transmits circularly
polarized waves. In order to calculate the correlation coefficient considering
the XPD(cross polarization discrimination) between the received signals of the
two diversity branches, a simple theoretical model of circular polarization
diversity is adopted. From the measurement analysis results, it can be seen
that the XPD of circularly polarized wave is less than vertically polarized
wave about 6~7dB. And also, it is clearly seen that the correlation coefficient
of a circular polarization diversity evaluated by the XPD is less than that of

vertical polarization diversity. In order to investigate the performance of the



circular polarization diversity, a computer simulation was conducted using
measured fading channel data. As a result, the circular polarization diversity

shows better performance compared to the conventional linear polarization

diversity about 0.5~9[dB].
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Al A AARC R FqY 24 Helvte] 4L AFEE WLAN
o Fiel #EaA AAHT Qov 23 o] A1 Yk o]
¥ WLAN®| #&Fol= ETSI BRAN ¢ HIPERLAN/2, IEEE®] 802.11a,
MMAC® HiSWANa 50| 9lew, o AAulEe 5GHz F3b4 thefof A
#H3 54 Mbpse] HE&& L@t oldg AW FH LAN 8764

RMS delay spread2 <13 intersymbol interference ( ISI )= dtlo]g) =

& BIHE A= 842 AL o ISIE AAS] 9 u
Mo Ag F37] ( adaptive equalization )7} Z 2 o] 27k o] Z3}7)

A& 10MHz ©]42] symbol A48% 7lxe AW BAdo = 5
Edole EdAdE SN =8 5875 deep fading?] 7ol
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A 2% WLAN ¥&

B om=golds WLANE 98 40 FAR%N 2985 thejul A g
o 5 Jloly ARBAA R AFATh wjHN AN 2 gEe @
Ae) WLANe| gt E2ol djs) 7hets] 4mnux ok,

2.1 WLAN EF 7l&

19909t =& Ajzte® WLANS 900MHz, 2, 4, 5GHze] Abql, w8}
A58 FHFU( ISM )7 AHEE7) AR 19979 69 IEEE (
Institute of Electrical and Electronics Engineers ) 7} IEEE 802.11& A
Hoeg sdsgden, o] XFLE MAC procedure 9 H71x9] EalA=
£ FAEAT EEAEFS 24GHz Y-S AbEEtE Frbx] whdal Ao
e AHEstE Wile] Q. o] B AESL IMbpsE X 93h9, 2Mbps
7hx A" 7hssivh 24GHz e £, v=, AR BF A} ALE 7}
T ool 12 AR 7H5E Fog gidn Aa B30 AL A
A ekell thal = Asa glet

71E9l 24GHz ool ALE2rE9 o =& A$E, TA4L 538

oX

877 80211 2F B g A7 2848 =74 )y 2 2
<, 19983 7¥el 71¥ M4 E 11Mbps$ fallback HEE 54Mbpsg Al
2HAZT] EFFE AHHAG o] B AETL Ul WA modeZ,
FFekd MAC A3 Asste] A 4 .



B 1A 2159 24GHz9 58GHz thej o] Al 4o

Location Regulatory Range Maximun Output Power

North America 2400 - 24835 GHz 1000 mW
Europe 2400 - 24835 GHz 100 mW ( EIRP' )
Japan 2471 -2497 GHz 10 mW
United States ) Minimum of 50 mW or 4dBm +
( UNII lower band ) 5150 = 5200 GHz 10log ,B°
United States _ ) Minimum of 250 mW or 11dBm +
( UNII middle band ) 5250 - 5330 Gilz 10log ,B
United States _ Minimum of 1000 mW or 17dBm +
( UNII upper band ) 5725 - 5825 GHz 10log B
Notes © ' EIRP : Effective isotropic radiated power

B : -26 dB emission bandwidth in MHz

IEEE 802119 + ¥a 24d 3§52 52GHz g4 o & A48
At £FES FAPelAk ol AL 1997d 1¥ ©v]= FCC ( Federal
Communications Commission )¢ Part 15 F&2] MR Ze A =
o 2 78 &<S UNI ( unlicensed national information infrastructure
) A¥IES AFEEY] 93] 52GHzAol A 300MHze AMEHS AL 7]
s okAl sk T

1998 74, TEEE 80211 53} 282 6~54 Mbps? AE&S &

)

o2 5GHzHe] Wiz o= OFDME Adsigrt o] qze g

1>

[«]

.

R )

P2 7IRoR g FaAdHeA HEor ALREHE Zolu, o)At

A1¢] OFDM-< DVB( Digital Video Broadcasting ) Y DAB ( Digital



Audio Broadcasting ) o A4 o] AF&E o] giul.

S ole] HIPERLAN/2 ( High-Performance LAN type 2 ) & MMAC (
Multimedia Mobile Access Communication ol 4 PHY layere] & oz
OFDM<E A=At o] Al 58 DAEL Mz s 259 &
olE #Has} 7] S8 ) g, 2 AF A4 FuSo] A AR
TEEE 7HAA "3

IEEE R02.11 &3 o], ETSI ( European Telecommunications
Standards Institude )] HIPERLAN type 1 & MAC layer & PHY
laver o g EFL BHAslz Qrh. 28y IEEE 802113 %= =g
HIPERLAN type 1 E&d 9 AFL A FqME &A3# @=c}
BRAN( Broadband Radio Access Networks )2 3] A2 A% ETSI
#2%E HIPERLAN EF &4 digh chgst 28 AdF8 G830
}.

- HIPERLAN type 2 : QOS(Quality Of Service)& #Z3= 2 u

- HiperLink @ Ad] F4 W=

- HiperAccess @ 71 §A% H3E AFstE 28, 4 FHEL

HIPERLAN type 17 type 2% 5 7FxX9] =zteo]do] itk 34,
HIPERLAN type 12 QOSE Al-&3l4 ¢v MACH olgh 25 wd

—

HIPERLAN type 2+ E#I MACE AF£3 QOSE A2tz 9o},

i



A, HIPERLAN type 1% PHY #Al%& GMSKZ 7|82 3z ¢,
HIPERLAN type 2= OFDM<€ 7|02 &1 ¢t}

dE2 Ministry of Post and Telecommunications = 30-300 GHz o
Se FHEE ALEE A 156 Mbpse| dl43 dloly "o sssia,
3-60GHz®] SHF W9 & o] &5 25-30 Mbps 14 SMH&o] 71538 A
W ozn& 4 WLANE ¥E8ts MMACS 23 #9L A3
o}.[8,9]

# 2v IEEE 802.11 WLANS] task groupo] g @ <kojr},

# 2. Summary of the 802.11 Task Groups

Name Status Layer Type Summary

80211a approved Physical High data rate extension 6-54Mbps
. High data rate extension of
802.11b approved Physical 0211 DSSS 55 / 11Mbps
. . corrects errors in the MIB ( Medical
802.11b-corl ;| new standard Proj. Physical information Bus ) definition in 80211
. Specifications for WLAN specific bridge

802.Lie approved Physical interfaces to MAC layers
802.11d new standard Proj. Physical Regulatory domain update
802.11e new standard Proj. MAC security and QoS
802.11f new standard Proj. MAC inter Access Point Protocol
802.11g new standard Proj. Physical 20Mbps+ extension to 802.11b
802.11h new standard Proj. Physical spectrum managed 802.11a




2.2 IEEE 802.11a%} HIPERLAN/2 ¥ &

€ AelXe 5GHz t9de WLANS E%9 IEEE 802.11a%h
HIPERLAN/Z ¢ FAFd 3 zto)ade] dis) d™gct o] % EZ

x

o]
-

rlo

MAC layer & #AM € Holx|%t PHY layerdl s 29 xo]d L Hol
c}.

HIPERLAN/2 %4 Y EfAL internetworkingS $3 convergence
layer(CLs), data link control layer(DLC)9} =® &<l PHYZ A eolst).

CLsv oldyl, ATM3 [EEE 1394 &t87z2 ¥ stz 9, 344

dAd=E oz Ko}
IEEE 802.11av %£¥4<¢ PHY $ MAC layer ( 802.11 & ol A

5 PHYE 522 ALE3l= MAC layer )8 A2stn Qo

2.2.1 MAC layer

IEEE 802.11a ¢ HIPERLAN/2¢] 7} & #o]3-& MAC layerol A
vHEb O

HIPERLAN/2¢] medium access® 2ms 714 MAC frame& A}83}
< TDMA/TDDE 7]&22 &3 glut. o] Z# e uplink, dOWﬂiink,
direct link A7HA & efz2 FA4 €,

o Al7bAl Wef= AP(access point)ell 28] ZotollAx HAA 3, ¢ o]

Ado] sgtd W) MAC Z# 9ol A MT( mobile terminal ) o X 5t}
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time slot2 A% 2o Jgo wat F¥oz FFEc HIPERLANA
2] MAC & QOSst th%dt dElntje], AA7t application® A T3} %
A A

g

[EEE 802.112 FdAoi7} ofd 2ibg MAC T2 EZE Al430, o
MACZ FE339 ZE2EZQ CSMA/CAE 7|20o% %t} o Zees
< MTo] dolelE A43lr] Ao wh=Al 24 aide] AHES 7230}
SFZE “listen before talk” 1% B ach wek Ado] freestd H4
of Nt ¥ erom ade ¥ o 2=x87] Mol exponential
backoff period 7} A3 ¥}t IEEE 802.11a°)A A}&3t= EAl® MAC =
22X ZFE& ad-hoc networking ©]U} non-real-time &89 o A% sl

Eoshv ¢ BT Fad Ao, AgdE dAe Zolo|n).
HIPERLAN/Z = 34 4do| #Z& Ag3tx, IEEE 802.1la: 7pH2 ol
A2 & A3

2.2.2 physical layer

= WLAN E&9 PHY layere ©}F {4}8ts, OFDME 7|R2o 7 &

2 Atk OFDM-Z frequency selective fadingell o} #&tw, #gd
fading channelell 2§t |3 A& EAA7= 98¢ sivh 9 =z

Wy HzuHE ¥dE= PHY laverd modeSL link  adaptation
schemeoll ]3] A"} o] link adaptation scheme®] ZAg VL& 7T
Foll WAEY x| ¢t 39 1 dwERe a7 pALE Jed

.
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PDU train —\
fram OLC “?é

1 2 rate

Sclambhng con»oluuona\
code

Punclun‘nu lnler\eawnml Mapping | N OFDM bPHY
F! ri iré ursts
3

219 1. HIPERLAN/2 & IEEE 802.11a transmitter PHY layer

# 3. Mode-dependent parameters

. . . . Coded bits Data bits
Mode | Modulation Coding | Nominal bit| Coded b1t§ per OFDM | per OFDM
rate R | rate (Mb/s) |per subcarrier
symbol symbol
1 BPSK 172 6 1 48 24
2 BPSK /4 9 1 48 36
3 QPSK 1/2 12 2 96 48
4 QPSK 3/4 18 2z 96 72
16-QAM
192 108
5 | w2 eny) | 916 27 4
16-QAM
! 4 1 96
> (IEEE only) Iz 24 92
6 16-QAM 3/4 36 4 192 144
7 64QAM 3/4 54 6 288 216
640AM
288 192
8 (IEEE only) L 8 6

A% HolE e

long run St

HIPERLAN/2

9% PDU <€ely PPDU Z¢

scrambler®] 7|3+

Mz ga

- 12 -

el Z PHY layer2

I o] M AN JdouER d¥de 07 1o
AE WRAEE scrambler2 A HAU. 802.11a9
R5 12749]9] PN sequenceE scramble <] gt



°| scramble # HolEE convolutional encoderZ YHHTh o
encoder= 1/2 rate¥] mother code ¢ puncturing®® FAHTH o
functuring = 1/2, 3/4, 9/16 ( HIPERLAN/? only ) code rate ¢} 2/3 (
802.11a only ) code rate® 7F&3tA gl 16QAM® A< HIPERLAN/2
= @9 PDU ¥ OFDM A 29 7458 8837 Y 1/2 code rate U
A 9/16 code rate® AME-3Fth. 2/3 code rate:™ 802.11a 9 64-QAMS 7
Folgt AR&Eth HIPERLANA2E 2/3 code rate® mode?t Sl
HIPERLAN/2%= di4lol] 54-byte PDU2] OFDM A& 9] 72 #8437
A& 7142 puncturingS A3k}

o] Z=3te delE e #2719 convolutional decoder® ¢EHE= A%
of APzt A= AL HA37] Y9 interleave T}

interleave® ©io|EH &= BPSK, QPSK, 16-QAM %= 64-QAME o=
mapping € tt. OFDM ®¥Z% IFFTo2 TEET 48709 data A2 4
Mol stdsl AEe] WaR shde) OFDM A% Rez A4,

OFDM  stetellelzl £ 4o Jebdcoh. OFDME delay spread2 ©13
[Sl(intersymbol interference)®} ICI(intercarrier interference)& x| 3}7)
A% £BHF YA A nETNE B0 0ela 7 OFDM A¥ e
7 AE A FriA el gabo) ool 1eln2 AF OFDM AR
TINE T = Te+ T B ZHHY, o714 T, 2337, T &
3 OFDM A E&F718 vehdoh F4 Adeld Rayzte] 2axaAnt

g A% ISl AAd



OFDM 47l 71840 2s $£479 v 2oz gy 1w
v, #2715 AGC, AlzE- Fube 1skel Alg FA o] slm ol i)
training sequence<> ©|2i3t 53 715 L +887] 98 preambled] ¥
o F MY OFDM Aol AEF:AHE 98 preambled] AZHC}.
A&¥ preamble 2159 AMARE dwrdom A e AR(CSDHE
HEHE Ad 4L AHoste HHE A48,

HIPERLAN/2 ¢ IEEE 8021la® 2 t©& preambled training
sequence® AHEETH Ald FA] AL ¥ = training sequencel® A T,
AT e A Fig F718E= M2 t2r. convolutional code 9
decoderv QWA Viterbi decoder® A& gt}

X 4. OFDM Parameters

Parameter Value
Sampling rate ( fs ) 20MHz
Useful symbol duration ( 7' ) 32us
Guard interval duration ( T, ) 08pus
Total symbol duration { Ty, ) 40us
Number of data subcarriers ( Ny ) 48

Number of pilot subcarriers ( Np ) 4

FFT size 64

Subcarrier spacing ( 47 ) 0.3125
Total bandwidth ( B ) 16.875

- 14 -



2.2.3 Channel Models

HIPERLAN/29} IEEE 802.11a Al A®1& A}Z A AL

AAe Z& F¥e fHel s AN Aol oled Ry

LEFH 7]

A& o2 7k Ad 2do)

HERER

Ris

AkH g E 5&

WLAN #£FelA HAstn gl A RdEg gokg Ao} o

< Taped delay line©® 298 3% Rayleigh & Rician 2 ¥ 9|

Adeoltt. 7t tape AFH o2 HstE Wi D& 2D profilet

o % YAl Rayleigh, Rician fadingg 71=t}8,10].

it 5. 5GHz dls WLANS9 a3 24

& P
=, T

Name RMS delay spread Characteristic Environment
A 50ns Rayleigh Office NLOS
B 100ns Rayleigh NLOS

C 150ns Rayleigh NLOS

D 140ns Rice LOS

E 250ns Rayleigh NLOS

- 15 -



A3F AN FHEN #A49 A=y

3.1 5GHzdl 9] Ay FHAd 54

e F4 AReAe) Rdae B4 Aol e AW WLANS
5GHz Wl REOZ stu glom, oe 4o 4 oZgAolis
o 5GHzH 9 & Adslm glvh webs B Aol e 5GHz e #g
TH Ase] AW FHEAY RIEHG ) Lolpua @b B P
ol A 24 dolB: =& (111214 F2% Ao 56Hz 0o

AN Z4E Ao}

311 AZ24£4 249 ( Pathloss Model )

T4 B4 A2gelx A48 dde] ot 5899 A% coverage

g AZste AW ol TE RF AZZREY DHNEE o Fshe
HlE o}F Zasich B gM dhah: Ay RBPEL AwHe)

LAN Al&ge] 288 5-50m o AR @7olw, Aol 200m A5 9
Sue wesgt Avdos oZaAcldel ¥ el Fawca
Fen, £3r mee ndad L,

BEEd B 7g $4407] Aol A d9 ol AAs A

-16 -



TUTE 7 M, A9 ARAEE 5P djojn),

PL(d) = PLy(dy)+ 10nlog(d/dy)+ X, (3.1

n : pathloss exponent
X, © zero mean log-normally distributed random variable

dy - free-space pathloss PL; distance ( = 1m )

A71A, tEHY ol % G FH G ARETI AReAS vEslgn
PLy = — G~ Gy+20log(dady/A) °1¥, 2= 3o
el guided wave® 9vlstH =2 A&F7 A
Fresnel zone o] el &l o3} xghe Ao},

# 68 LOS, NLOS Aol ZHst Az&d zdo) aa sdve
Solth. LOS #A A= nel gol 13~15 A%l Bxel HA wig

Holl 213 guided wave @Y YE & F Ul NLOS A A= o8 7}

2

e AR B70] W8l 0 el 25~488ER Yehath

_17_



¥ 6. Pathloss models

category | environment { config d{m) n STD - Osiow antennas
[dB} [dB} I'x-Rx
HUT1 corridor 8-60 1.3 4.7 40 omni-omni
HUT1 corridor 8-60 1.3 53 42 horn-patch
LOS HUT?Z corridor | 10-70 1.5 48 4.0 horn-omni
VTT corridor 3-25 14 34 25 omni-omri
Airport hall 8-100 1.3 20 1.3 omni-omni
part corrido
HUTI1 | type orridor 5-30 4.8 55 49 omni-omni
c -room
HUT2 | A | €Omdor 1o 70 1 29 | 31 17 | horn-omni
-room
NLOS :
HUT2 | A | M9 | aas 96 | 56 | 51 | omni-omni
—corridor
VT | B | COMOT e ae g5 | 27 1.1 | omni-omni
-corridor
Airport hail 35-200 19 27 1.7 omni-omni
HUTI1 comidor |0 o0 ¥ 65 | 60 omni-horn
Different ~corridor
floors ;
VTT corvidor | o oe | 57 | 58 omni-omni
-room

{ * HUT1 = Department of Electrical and Communication Enginnering, Helsinki University of Technology
{HUT)
HUT?Z = Department of Computer Science and Enginnering, (HUT)
VTT = Technical Research Center of Finland, Telecommunications division in Otaniemi

airport = Helsinki-Vantaa airport )

- 18 -



312 AA & ( Delay Spread )

°lF FTAAEANA WA dElete BEAT Ad o9, 48 W

¢ el Ao 9] wAEE @AY AdSed o time dispersion
= FWA dEFh <] time dispersion 2 45417 Alole] 7]sl8tA )

B FH9 BEHA fAd ZA =&y @ rms Frolut
worst-case value 9 ] time dispersion®] 4% Rdo| AlA=l A7
A EastA dd 2 1AM 92 dee AW 874904 6. ( rms
delay spread )& ¥Yusl7] 9&8 099 CDF(cumulative distribution
function)= °| &I LOS #74e BEo|A omnidirectional $teILte] 7
+ CDF 90%°1A o, 7} o 30ns AEZ VEY T directive SHHILFS] 7
T 9 20ns AER delhgd E£3, NLOS 3#7¢ Zxd A= CDF
0% A 6,7 ¢F 30~50ns AL Uetgton, & oA g
CDF 90%°l 4 °F 120ns AXEZ eyt Ex-we NLOS A=
CDF 90%°l A o7t °F 42ns A= 2 vehgol T34 etete] Fo)d)
WE o, ZHEH, median F& el Hol7l ZEbzte) wiEd 10% A=

7t e CDF 90% #& 2 wisz 99

313 " & 54 ( Material Characterization )
Aes 7% 229 dA7] EA(H 249 $HeY mH8)S A
284 oy rms delay spreadell Q¥4 vt S8, A424£4 ¥ oms

delay spread’l Frd&elv Ex&0 o 917stcH12,15].
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Foh wapASe] 2HozRE P ¢ A $9% He 20dBi
7429 &

ERSEI=Y

el E ddaA dAMoz AYNA port 1, 2o A3t

AEIV Atele]  FefE  glo

L7, EHYS

ZHdet AL, <rElY Alolel AelE far-field Aele ¥ o

=
o,
oF
o
L)
1
e

(5m) AT F 7L 58GHz A Huo] s

Ax}7) sebolebE ol o),

# 7. Electromagnetic Parameters at 5.8Ghz, Vertical Polarization

Material Relative permittivity Ref ¢,} Conductivity o

Mean Maximum | Minimum (S/m)

Facade 4.53 6.04 3.02 0.20

Brick wall 3.58 433 234 0.11

Chip wood 2.88 2.97 281 0.20

Glass 6.06 6.31 5.80 0.35

Doors 5.84 6.15 559 0.06

Plasterboard 2.02 242 1.64 0.00

Wb 2e 5T FHEAT B9 FuE 4RO, 4 903

LHUE= w=w AAAC s AoEHE

- 20 -
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6702l & HEo Edo g Az SHavrlze o =359 3
Aot WAl &2d e S8 AAth 2 BA ( brick  wall,
stone-concrete facade, chipwood, plasterboard, glass, doors ) o th3h
°lel samplecl] tha] Zgo] olFolzth EFHAL} wAlASd @
internal multireflection = 9-& Algsh 2+ BAE9 Azly] Fueise

AlAkek it
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3.2 WLAN A%s |9

= Aol WLAN 33olM thxdzel o# solws xola 723
=4% detde dduged s dFe. d¥ugE % o A
HE /29 AEAE FL B A8 ez, T4 whel wal
A3 99 ¥ ( RHCP : Right-Handed Circular Polarization )$} 24

__?_
3] 18935 ( LHCP : Left-Handed Circular Polarization )2 o)z
t}

ik

2% RHCPE Matlab& ol &8 Z3d$ 1™ o)},

b At el e AAE ELHet E(HE 8,

[gfgg - [ % —],] [i% (3.2)

_22_



2 T Bt Evn 7t $5¥R £48HE, j= 22 radian
o 4ol g ol

Er(f)ol Ep(t) = ELD+EANQ $43 d¥uds 4% o, 7}
AAY AN FAEHE AFE
nH = 2-E(¢— T)+2§:p¢-E(t—r,-k) (3.3)

P = (PH. iie) i"‘(- p‘l/_ak)i

2 EIY 7 glen, o JMANAY M A YEhiY, o,

= 9wl

W

WA AADE JET 0,9 0y, HAase A
AIAG ol g B ASE Jebdi13),
Brewster Zt&= o]ulof Al 2m7} whAlg A9 S Hul= gate] wislx
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Al 4 % 1.3GHz, 24GHzH o AR=x

AZHA doluAge] FaAF FHL 59 459sE 98, 94

S

AU WAL BN FAWS, A¥VA 27te] g XPDE 23
i FUF BHolA 7)) AuR DoAY A2 dFA o
AIMAEY oY EAE ZH) AA xRN AN 4uE o

o2 Holt},

41 AU HAANAL AR=R A9

41.1. 1.3GHz 34
1.3GHz Fad] AW w7l A e A& de a3 33 o] 11.11x%

799x27 21 ARFRAA o|RoiH on, Fleue FelBL Fo

T

HIZEAL AR B4e FEAT $41 FoeE 1.29875GHz0l® 0dBm ¥

e
Mashe S, A2 1 2 e Wal Fejgary Qo oFs
4e shech

¥ 3 1L.3GHzW v 7MA A AnEA g7

- 924 -



412 24GHz F %54
24GHz F3tpdi AWl wizbAZle datd4 e 13GHzHeg & o &

F( 16.2X8%32m )ellAf o] Fo] Hou gore} e wHoz ujs}

2% 4. 24GHzY v7tN AR ADEH 37

42 R34

421 XPD &4 4%
13GHz%t 24GHzd AW FH#AAN Fadsel dddAse g
XPDE A3, A8 3= dgdste] 39 714 wialy

=)

b AR AU FA tevtel faEA ge a3 Qe wbAbg
7b A A XPD7F of A velUA gt 87t AR #AdME HH
Bt EAetA o=z Ve wkalstel ¢4l walast v d B
X2 pAVe medeg XPDgre] A vElhd S 88 ¢ glov, 1

F 5 62 2AANZ v AAAY BN 98Ha= XPDrF ¢k [~

_25...



3B Hdxolx, AMARE XPD7F ¢ 7~84B AT 2 T Wute) XPDr}
° 4~7dBAE Ao|7} 3 & & QU F 7, 82 XPDe] Wiy pa
Hxpol o).

1.3GHzt T F = 10f T8 XPD
60 .
40
— 20 ’ il
g Wik Miqg.‘ (A —XPD(CX1)
g N vy t === XPD{VH1)
Pad -20 v
1 ¥
_40 l
_ﬁO
Sample number
(a) A3 =Z 19 XPD
1.3GHzl &8 = 20| o B XPD
&0 r

ofi |~ XPD(CX2)
e X P D{VH2)

XPD(dB)

Sample number

(b) =R7A =2 2¢ XPD

%" 5 13GHzW H7FA A" AZ 1, 2] g XPD

_26_



2.4GHzd YA = 104 tf o XPD

B0 o e
40
o —
L ol [=——XPD{CX 1)
o e X PO{YHT)
>
-40
760 L.
Sample number
(a) 474 = 19 XPD
2.4GHzWY BH AR 200 of & XPD
60
40
@
® —XPD(CX2)
o s X PD{VH2Z)
[N
bl

Sample number

(b) 284 = 29 XPD

I 6. 24GHz H|ZHAIA Y A2 1, 29 g XPD

- 27 -




® 8 13GHz ol XPD o ®7#% gzuz

XPD ( dB )
1.3 GHz #3544
b R EEHz
AHAFCX) 1.43 6.96
AZ |
£ 2 H s (VH) 201 7.06
AP (CX) 1.44 8.08
Az 9
2 U (VH) 866 793
¥ 9 24GHz W XPD ¢ H#3 EFHx
XPD (dB)
24 GHz 350
B EF9dg
A8 9 CX) 0.718 6.82
Az 1
A H3H(VH) 765 2.97
FEHHCX) 389 7.17
Rz 2
A4 HHVH) 795 4.07

_28-




A5 AU JonAE Y ojgF v

B ZNE 7129 twobranch UA W3t tho|BjAlE Sty
olgd ¥WAE $Asm Wb dolwAlY FHYR s A

o Tholu Al g o2 M Rdg fE

&

t}. two-branch FAIHHY v,

Vy DR Abele) AEASF A fEdm, 2L B8 A XPD @e

rh

.

5.1 €547 293

v Transmitter
{ Circulary Polarized Wave )

wF

«<i

29 7 A9} colwAlEl e HR417] md

- 929 -



“L¥ 7oA two-branch =21 bEIL V), V= el & Qz, &
A7lE AHeRRE g9 99 Aol Uk $5A 9 AgE FAARA
5] HolA glen m=AAe fx & 3l

B, FANE 253 Q8 ARDE 712 Rl sT 1y

7} Rayleigh X2 7}AE =43

koS

Epe = Eyg+jEy (b.1a)

Eie = Ey—jiEy (5.1b)

4 (s ¥y FE wsid

Erc = egcos(wt+ ¢p)2; + egcos{wt+ ¢R+%)'z72 (5.2a)

Eic = ecos{wt+¢)u + epcos{wt+ ¢L—%)% {5.2h)
o Fom o)A,

u, = —singx + cos¢y (5.3a)

%, = —sinvcoséx — sinvsingy + cosy3 (5.3b)
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I, Ece 33 98Age] Adoln g9 =
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AAeleh wAME g3 pE 4 U JAEE e fxo)n,
i xyFALN FAUAT BE 223 19 2oz JLolA Q) .H
ers M2 5¥H< Rayleigh $XE 71AE W5o)m, ¢, 4,& M2

=3 Hel3 uniform ¥ X & 7t@vz 7bA o

vz B2 F90E two-branch $41¢HHL 7F Behx| o] weuE

rir

v, = sinAy+ cosdz (5.4a)

vy = —sinAdy+ cosiz (5.4b)

Ao} S547] Bl A 7t BARY FAHE WA
Vi = Epcr v, + Efc- vy (5.5a)
Vy, = Egc- 0, + Efic- vy (5.5b)
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EREY £ gon, Vv, BdAd FaHe SAAA ) Relsy,

vV, = { ercos(wt+ ¢p)( —sindx+ cos¢y) + epcos (wt+ ¢R+g)

(— sinvcos gx— sinvsin g3+ cos v2)} - (sinAy—+ cosdz) +

{ e, cos(wt+ ¢, ) —sinpx+ cos ¢y) + e, cos(wt+ ¢, — g)

(— sinvcos ¢x— sin vsin ¢y + cos v2)} - (sinAy+ cosAz) (5.6)

V, = { ercos (wt+ ¢ z)(cos psind) + ep cos (wt+ ¢R+_21-T-)
(~ sinyvsingsind) + egcos(wt+ ¢R+—27£)(cosuc05/1)} +
{ e;cos(wt+ ¢;){cos gsind) + e; cos(wt+ ¢L—-é£)

(— sinysingsing) + e cos(wt+ ¢; — % ) cos ycos ;’)} (5.7)

Vi = { egcos(wt+ $x)Xcosésind) +
egsin(wi+ ¢p) —sinvsingsind) + epsin(wt+ ¢z)(cosveosd)} +
{ e;cos(wt+ ¢; )X cos¢sind) +

ersin(wf+ ¢ )(sinvsingsind) — e;sin(wt+ ¢;)(cosveosd)) (5.8)
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ob Ao} A& ks ) 9] s,

sinAcos @,

8
{

b = cosvcosA— sinvsin@sind

2 A, A (58)2

Vi = { egacos(wt+ ¢g) + e bsin(wt+ ¢p) )

+ { e acos(wt+¢;) — e bsin(wt+¢;) } (5.9)

ot Zo| I 7hsdty, Vel FAHE SARA AR AL

Vi={ era(coswtcos ¢z~ sinwtsindg) + ex & ( sin wtcos ¢+ sin ¢ zcos wt) }
+ { era(coswtcos ¢, — sinwtsind;) — e, b(sinwicos ¢ + sind, cos wf) }
= ( egpacosgr + epbsingg + e acosd, — e, bsing; )coswt

+ (—egasingyr + epbcosgr — e asing, — e, bcosd,)sinwt
= (eglacosdpt+ bsingg) + e;(acos ¢y — bsin$;)) cos wf

~ (ex(asingr— bcos ¢g) + e, (asin ¢; + beos ¢ )) sin wt (5.10)

Ay = { (eplacospp+ bsingg) + e (acos ¢y — bsing;))*

(eg{asindr— beos ) + er(asin ¢, + beos é,))* } 2
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={(a"+ 6% (eh+ e]) +2epe; ((a®— 6P cos (pr— ¢,) +2absin (dx— ¢,))} "

(5.11)

V, B30 =05 s AR A0 el HFsd

Vo = { erpcos(wt+ ¢ ) —singx+ cos¢§)+eRcos(wt+¢R+%)

(— sinvcos ¢x— sinvsin v+ cos v2)} - (—sindy+ cosdz) +

{ epcos{wt+ ¢)(—singx+ cos d3) + e, cos(wt+ ¢, — “g")

(— sinvcos ¢x— sinvsin ¥+ cos v2)} - ( —sindy+ cosdz) (5.12)

V, = { ——eRcos(wH-¢R)(cos¢sinl)+egcos(cut+¢R+%)
(sinvsingsind) + epcos(wt+ ¢R+'2£)(COSUCOSID] +

{ —ep cos(wt+ ¢ )(cos psind) + e, cos(wt+ ¢, ~ %’)

(sinvsingsind) + e;cos{wt+ ¢; — *275 ) cos veos /1)} (5.13)

Vo = { —egcos(wt+ ¢p)(cospsind) +

egsin{wt+ ¢p)(sinvsingsind) + epsin(wt+ dp)(cosvcosA)} +
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{ —e;cos(wt+ ¢;)(cos psind) —
ersin{wt+ ¢, )(sinvsingsind) — e sin(wt+ ¢;)( cos vcosA))

(6.14)
Vi B¢} g2 o

a = sinAcosa,

¢ = cosveosd+ sinvsingsind 2 XA, A 514)=

Ve = { —eracos(wt+dp) + egcsin(wt+ dg) }

+ { —epacos(wt+ ¢;) — e csin(wt+ ¢;) ) (5.15)

gk ol Bd 7hHestd, Vo FAsE AAAY arPR AE

Vo={—era(coswtcos pr— sinwtsindg) + e c(sin wtcos ¢+ sin ¢ pcos )}

+{—e, a(coswtcos ¢; — sinwising;) — e; ¢ (sinwtcos ¢; + sin ¢, cos wi)}

= (—egracosdr + epcsingr — e, acosgd; — e;csineg;)coswt
+ (egrasingp + erccosgp + e asing; — e;ccosd;)sinwt
= —(eplacosdp — csingp) + e (acosd; + csing;)) coswt

+ (eplasingr + ccosdr) + e lasing; — ccosé,))sinwt (5.16)
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Ay = { (eslacosdr — csingr) + e lacosg, + csing;))?
+ (eglasingp + ccosdr) + eilasing; — ccos¢,))? }”2
={(a*+ cz)(egﬁ—ezL)—i-ZeRe;_((ag—cz)cos(qﬁg—¢'.r_)"-2acsin(¢1e—¢L))} "

(6.17)

ol HAFHeR ViFH V, BAA £AHE FAAA] AR A,

%t Ay

A (@B+ 8D (h+ D)+

2erer ((a®— ") cos (dr— @) +2absin(r—~ ¢1)) ) He (5.18a)

Ap — { (@ + D) (bt b))+

2eper (( (a*— c*)cos (dpr— ¢1) —2acsin(pr— ;) } 12 (5.18h)

AMHOoE FUAF AL FE3) o] FoAn,

. CAZ AL — CADCAD
AaAGE o = 1 z 1 2 (5.19)
SEAT [(KAD—<AHY(AD—cAHY]

A9 Aol A3 A3 s, e ¢,°] Rayleigh ¥ & 712 u
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_ (24 B+ A+ eddD) +2¢ ek el (@ — B aP — B — 8¢ el Y albe
[ (a2 + b H &+ AU > +<h) ]

(5.20)

= #¥dY. 4% XPDE 99 FRAS Ho stz s

3} o] XPDE Aostm e, HEHoz V3 vV, HaAX Aol
AT e
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