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Abstract

Since the major cellular data service providers in U.S, Japan as well as in Korea started the LTE (Long Term
Evolution) service, there has been more strong need for the methods that can accurately measure the MIMO (Multi
Input-Multi Output) OTA (Over The Air) performance of LTE handsets because the performance of the MIMO antenna
determines the data throughput in the downlink. In this paper, the hand effect on the MIMO antenna performance is
analyzed by numerically and experimentally. The hand effect on the LTE mobile handset is analyzed by measuring the
link level performance in the MIMO OTA system.

Keywords : MIMO, OTA, LTE, ECC, Correlation, Channel model

I.M B of o%F SHHUE x3ste dde] 4537t 7hsst
3 s ¢ Ao g Azt ves A7y
% StElUS E3hel= LTE ©d7]e) §4 A5 Al e Ao HHsE A% dEd e @4
AEgS FE 2A4E HHLY efficiency, correlations 9 AF 3HE AT 5 ds Aotk
A, baseband chip®] MIMO channel estimator A%, MIMO 215 A sl ols @Ee] As F7hiy
channel3H7 5o 93] H3dor HJags w=t) o of digt daXo] Fasl] ol wal A 2008 FH
3k o] MIMO 441 Asdl theh F3491 Hrlke MIMO OTA testing methodology®ll 3t Q4 A=
Z2 A qu)a o] T2 dosAdA bsen °] research forum¥} standardization forumell A A}
2 gz oty A S 29sE o)F ko] B4 A o] =951 ¢t} EA 2 E European Coorperation
5 H37ME Yaide B v 83} Al7to] FQsit) in Science and Technology (COST) COST21009] +
AP BN DA AFE QAES mE uEs 5 oS 1C10047h Lo 3GPP RAN4 working item
© 24 MIMO OTA methodology®ell thdt =2]7} &t
* e, AEA-wA AR}, LGA R 3 A% 3 91 CTIANAME S =07} 7 &)
(LG Electronics) g 2o gREgi FEHoR =y gE

Hadak 2012934289, #4945 201295912



92 LTE 0|

MIMO OTA methodologys 342l “Anechoic
chamber with multiple probe antenna” W'3“e o)1
o AAH fading emulator® pre-faded MIMO OTA
AZE AAEY anechoic chambertle th4=¢] probe
SElUE F3l spatial fading 74 Fd3gc) o]t
#2e] MIMO OTA system 3GPP  SCM(E)”,
WINNER® 2 IMT-Advanced” 59| geometrical
channel 7ldko 7
channel anechoic chamber FYolA AdstozH
o] MIMO $HeHY A5 3 #217]1¢] MIMO vl 34
2 A B e E AQrE A

H =R E MIMO OTA systemel A LTE o]
GZe] PDSCH HolH A% £=8 dddos 4
Sotlon A= AHS o]8sto] A= 37} LTE ©]
o] PDSCH dlolg As&mol mx= 93

4 dolHE 7oz FAstt.

A MM E 5 F7 700 MHzH S ol A &8
DUT (Device Under Test)E 44 ato] o] E0
g o]5 S5A¥ tHY 11 correlation
iate] = aklar Aol A= Al DA =9
E5° DUTE o|&3te] hand effect7t Qe
correlation 543 % PDSCH HlolH A& &= nx]+=
ko] M X JEFS MIMO OTA systemS ©] 831

FokAaL, Ao R A NAdA = A& 2Es

model & space-temporal fading

3

N offt

N offt of
tio

II. LTE Ol T QLI Gain &
cross—correlation S

=1}
=~

1. LTE DUTS| CHL} §d A"

E HoAe= AA4E LTE ol w7 55l st
QEelvt stetrlE el 34 Wy 2 QY 34 A
thate] @okslgith DUTE & A2 22407 ot}
54& do= wAste] 17 13 o] DUTY| Qtelv
A8} o5 5A, U] correlation 544& 8.0k}
o] Yepfigleh 449 DUTY Sty vjA & 354

o
2 ANTIo] sletel] X3t ANT27F Zdete] wjx] &
don 19 19 #39 e 5E4S Zterh <ty o
52 dubdQl 3D anechoic chamberdll A far—field
Radated Field Pattern (RFP)E& 29 2 (a)$} %ol
Azimuth W€} 2D gaintH& aejste] 34 skgich A
A ARE Alvel e 2 A= A"l AXee Aok o

9]
o}

ool MIMO &M

(387)

451t Hand effect

DUT 1 DUT 4

fﬂ

Battery

DUT 2 DUT 3

!

Antenna
Batter Batter
Battery Y Y

W‘) ANT 1 y ANT 1 J

ANTL | ANT2
-58 | -88
065

ANT 1

ANTL | ANT2
-94 | -76
037

aNtL [ ANtz
07 | 1
087

ANt | ant
BEE
078

antL [ ANt
43 |
041

Gain (dBi)

DUT 1~50i CHEF OFE|LE BiX| 2=

M
Antenna configuration and placement information
for DUT 1~5 and relevant gain characteristics.

(a)

oL EM EXE 98t DUT AX|

Free spacestEiolM 2D RFP EMS

25t DUTS| &k (b) Free space =HLZ A
E:

Ral}
ro
0z
pul
o
@)
=
>
kI
M
.
O
>
et
n
e
oo
2

x| el

DUT install condition for antenna performance
measurements (a) DUT orientation for 2D RFP
measurement (b) mounted on a JIG for free
space condition (c) mounted on a PDA hand
phantom compliant with CTIA standards.

7 ¢ O RIRE 45 719 Al A
4 H A= GIs Agyor Felsly] s 1
# 2 (b), (0 Zo] 27 A 33t AZeet d= 9"
of Axg AejelAe] el o]59 ®sg) <Y 1t
9] correlation ®3sfel] thst o]2 H APy FEMS
el om HEFAo2E MIMO OTA systemS o] &

3l LTE Physical Downlink Shared Channel (PDSCH)

throughput Bl A9& &8 d= &35 F2lskad

2. LTE T2l Cross—correlation §4
LTE °]& @9 cross—correlation 574, p,< 4Rt



2012 58 MAE3 ==X H 49 d TC ® H 5 = 93

Aoz otei}e] far-field RFPS o] &8lo] thoo] 2
DERE A& 5 o

[ B@E@P,@a0

* \/ / |F ()PP, (£2)ds2 / |Fy ()PP, (2)d02

S @,
k=1 JL.kﬁ

2 (DEF-E AL p,E anechoic chamberdl| ] &4
ot far-field RFP £y, F,7} w5 o] <eu}
4 2ol wet opl &7F v 2 ¢ Aok E=gk ot
o7 C¢teL} correlation AlAtel] B &A AL
D-Uniform PAS (Power Azimuth Spectrum) 2=

4 i A @9 2ol Laplacian” & g8t}
Folxl PASEHO Feje} Z7e] uweb QY
correlation®] o} 9A| Fas WA AT QUh

Ao & 3GPP RAN4A MIMO OTA system
A%z AH4¥ 3 9% round-robin channel model™”
% SCME Urban Macro (SCME UMa) channel®l| “g <]
# parameterES 79O E PASE AoEtal o] F 7wt
oz a9 1o AW®E 5 FTHF DUT st
correlation 548 #4353 th
Iy 39E ppe 47 S8 Ale"E PAS RES
Azimuthd/g-] ‘JrE]rlﬁ» t}, SCME UMa Alvg] 2.9 3l
S = PASE 2] (2ol N,=691 AR 123004
o} 7o) 6709] clusterel ©]%F composite Laplacian PAS
e = zh=t} 6719 clusterE 9] angular spread= =7
0=3'%E TYstu A2 2 Angle of Arrival (AoA)¥}
powerZ zb=ril0

=7 dolge] 79k & Qtelve] correlation %k QF
Hute] REPEA Al cpl&ats Edbeties 7 719 <t

P, (p)= ~ V26— 60 /L) ©

fEOHT e e
bl

Bk EAl0] 9174170 FejelA] Qoizl REP dlold
g 4 (o] Ag3tol Poid 5 ik ol @ oz

2% 4ol 7z DUTH Srelvs9] RFPE 4 (1-2)°l 4
&3tod DUTH p,, 235 HERAAT 7] dioly &
BE Qe tho]Z QU] SA % Ededitt 71Ee]

Y= ol QtElL Hlo|H = 7 QtElLF 119 oA A Y

7 AENARD A FRE S4 Aot 17 49]

Azt A p, > 079 ¥A =L correlation 54

7= DUT 1, 29] 45 AoA offsetell whe} p, ¥ 3t=7}

wf- Aot p, <05 545 Hole DUT 3, 59 4%

¥ 10?

180 135 -90 45 0 45 90 135 180
AoA (degree)

a™ 3 pp= Tok7| 98t Power Azimuth Spectrum
(PAS)

Fig. 3. Power Azimuth Spectrum (PAS) model to be
applied for p,, calculation.

xxxxxxxxxxxxx

%
=
xxxxxxxxxxxxxxx
xxxxxx

0B trree DUTT pet o ifrey o il
.....
— lpkdg, © tehagsst |
s T DUT: SRS S o
* +
* +*
§ (i) =] +++++ ******** DUT4 oo pF
7
T osht " L0000, .
g Bovog, . DuT3 ﬁgﬂ‘?ﬁ%o Qﬁ
& 0Ar Oy PR witwE My A
8 BAx <><> Trarto i " o ¢
G DAL s puTs oo P ﬁﬁgiﬁ‘} q
" =
02k 10 TR PP’ TR MRS SO A S e
-4
01k o ’?(——DIPD\E‘(A‘:WMK * ®
et st

i} Il L i L
-180 135 a0 -45 0 15 50 138 180
Aoh offset (degree)

% 4. DUTY ZXE RFPERE U2 p,5429 AcA
H3tof| e Ae

Fig. 4. p,, characteristics against AoA offset, obtained
from the measured RFP for each DUT.

AoA offsetell we} p,Wste] Fo] Hoj 0302 2
57}'&& & 4 otk olgld A tolE ShELhe
¢ g FEYzt wEs v deld= DUTH
SHElY correlation 5435 AoA offsetol] thet p, 2 33
oz Aostel MIMO OTA systemol Al =43 24
o} HaLskol

_‘Tirilrfo

[lI. MIMO OTA system= O|&¢t LTE Q|
correlation 54 & = §3fo| A

1. HE Z240f ot QH[LE 0|5 L correlation H13}
MIMO OTA system< Azimuth plane’doll probe
OTA <HUE 93 2= HAow I8 59 ol
ring®] HElE wiGA7) I o]E probed OTA <HeLt
= o] &3}l 2D Laplacian PASE AAAIZ 4+ otk
Anechoic chamber Woll= 8709 probe® OTA <teLt



94 LTE 0

S EZOl MIMO

AY Vector signal
analyzer

Fading
emulator

£

%]l T
a2 5 Channel correlaton & LTE ©hte] £M Data
throughput performance &d=  2I8 MIMO
OTA system A E
Fig. 5. The MIMO OTA system setup for channel

correlation and data throughput measurement
for LTE handset device.

7b 457 A 0= wdEe] 9lom 7} probed OTA <
HU= vertical @ horizontal polarization-& &4 w2}
2 =gxor 7 9o] PASe XPR (Cross
polarization ratio)d 27} 7Fsstth. MIMO OTA
systemol 4 2] PASS] A2 PASS| AoAel uwhel 870

o] OTA ¢telY 5 2~47012 Aeste] zkzke] OTA <F
HuUzZEE 25 259 a7]E 24ste] PASE
T s,

MIMO OTA systemelA DUTY correlation E43
542 gy 22 FHo= o]FofXrh LTE BSE
(Base station emulator)dH]o]A 2x2 MIMO LTE
downlinkAl 35 AA3te] fading emulator?)
signal® ¢17}8ta fading emulator® £33 spatial
fading effect % PASE At AAE  fading
channel A%+ fading emulator®] signal output®} <
¥ probed OTA SHH|UE T3] chamber %22
A AgHE 2x2 MIMO A3+ chamber 5 %ol
A} patio-temporal fading channel 373 A7t
Chamber 9| €1x]3 DUT ¢HUE 4419 fading
215 RF cables &3l chamber 952 VSA(Vector
oA dHeolEE FH gt VSAE ol&
g correlation S4S thHeo] A B-4)om2RH A& F

ek

hy

input

signal analyzer)

:FFT(Sl)ahQZFFT(SQ) 3)
cov(hy;hy)

\/cov(hl,hl) . cov(hQ,hz)

4)

P2 =

o

(389)

42 Hand effect z24 9
1.0 T T
] - l:Ipang{FP
o 084 —| —]
3‘“ angTA
_é 0.64
o
g
§ 0.4
%
S W
0.0
DUT1 DUT2 DUT3 DUT4 DUT5 Dipole (A=1/4A)
J3 6. SCME UMa PAS Z& 3t ZXE RFP C|o[HZ
TR D2 ppmp2 et MIMO OTA systemol
M EEE pop 5E 200 8D
Fig. 6. A comparison between the p,, pmp results
obtained by the PAS model and the measured
RFP and measured p,,, ors resuts at MIMO
OTA system.
VSA9 5718t & F 79 A portE Fl €

channel frequency response S, 5,5 FFT (Fast
Fourier Transform)®slH  A]7F SolA 2] channel

impulse response, hy, hys 7% F Utk HF Ho=

pe hy, hyZHE T AE 319 co-variance matrix

2 Fato] dwkAQl correlation 4 ()EHE AL 5
12

=R

¥ 62 OgdA A-8¥ PAS model¥} QeI
RFP £74 dvlo|HZ % 3 DUTE o, prpd ot L
g 59 MIMO OTA systemelr =4% DUTH
Pasg.ora A3E WL AItolrt. MIMO OTA system
Al X %= DUTY <HHY correlation E7d°] AoA offset
of wpg} W3l F22 AoA offset=0°, 90°, 180" (-180°),
270" (90Nl A p,ak=e] HEAE T8te] RFP 374
dolH 27y T3 p,o FAet st 13 6
A & 4 9d%o] PASEE ¥ =45 RFPZXE
8t correlation 5433 MIMO OTA systemol] A

correlation E49] Adko] A AXTS & 4

ZX—]IS

7L

z71 3 PDAS &

oL} o]5 wW3lel correlation ¥ 3}ol| thak

polt}, = WE A Aol AL @ﬂ%
FgE A 2S Ae AfolE YERAN SR
= avel el p,, 0 D ANTL, ANTZ«]



20124 58 MXt3ets| ==X M 49 A TCH A 5 = 95
MIMO OTA throughput A&°l F]X& Faol| ths
-0.5 T T T T T >olsled
ol @ | e, =elstsl
] -0.3 4 .
S-S B B ] 2. = 30| 2|5t MIMO OTA Throughput &gk
0.1+ r—-—‘ 8 DUTol| ™3 MIMO OTA A% Hlus FHEHo=w
0.0 T T T T T = ° = =z
P i , o LTE PDSCH throughput 4435 7|02 o] Fo
RO o aiaTe) XW‘r MIMO OTA systemell A9 link level 45 A&
= | I 1o gokst gerHES VYo E P H Sk
= ] DUTE«] A= gIo] g teue] A% HEE v
2 4
: ﬂ_\ W3 glo] ¥ ZHo]n e} o5 Wi} otw|
DUT1 DUT2 DUT3 DUT4 DUTS ]/}_ Corre]ation t‘ﬂi}]}“_% EIT; @_"?_]_ g_ _),: Q]E% C]):}E_Z]I

2 7. MIMO OTA AlAHo|M SHE DUTY SHE & AE AZIE 45 ~ ~80 dBm WSl g Wk &
o o3k oL} EAM B3} () oMLt Ak 4= AlE A7]el mE MCS (Modulation coding
correlation B 3Hp) °tE|L} 0|5 H3 (2 scheme)v= Foizl 48 A7]eA MAC (Medium
75”:3:;1 LO{L gcl,lsﬂl)o'ﬁ" - OIS == correlation| Access Control) 2] PDU (Packet Data Unit) CRC
gLV ET= — o) -

Fig. 7. Measurement results for antenna performance error’b 10% vIREe.®  FAE= Aol MCSeA
change due to hand effect (a) Antenna throughput Z7g¢] Pt 48 M5 A7|17F =
E:orrelation change, (b) Antefznna gain change & Aoo|= DUTY ot} o] 379} Aatgle] =
The negative values stands for the decrease in = o

¥3 SNRE ud 5 9
the antenna gain or in the antenna correlation #¥F SNR= 1.2 5 gle] PDSCH TM3 throughput
due to the hand effect) 35 <telYe] correlationell o3l A =™
g 2% AZI7E sk A e QtEYS] o]5%
= =1. O = = I
oI5el #ags srdn. 22 DUTAM ge1o= throughputoﬂ ek -% F= F83 247 #FE3ir)
EQo o] o]lE ZAH o] o=
E AR =2 Ao 2 ¥ ole o] % .
o wot Lilf -9 1] DUT L ﬂi P e *JEHOH/\H LTE PDSCH TM3 throughput 2
= E3 o [IR=H T} 2

S TRl @ Akl ANTIOL R A g wmael yeiian 1 deldza F e

2& o] Z| =] sl & 3 =4 = ol

o RARRE A AT GAH AEA AL LA ) el aovag) telE kel 4 o)

b 5 L=} ==

Woduds A fil dem F4 gk uhd HE Adoz gAsT oF Ao Amsel=e] W
5 biR=] 5 S 1= o3

ANT2ZZF = Al A% el ANTLO] B2 S & gae gy o5e panz 2a o ey

of Hla| AHow 2L olfx= 19 13 7o T2 . N _

] JrOHL OOEH:LD} X I . :]E:Jr = ]qulj correlations ZA W= a7t vk 19 89 A
= o =] 5] e =2

HEol HA AU HF HWA o] Ag7] o 7

gEy a8 7¢ Al A ;;u]g% Ao olEL} E 1. MIMO OTA &5 £3g 9/3h mi2io|g

correlation®] ™9~ =& DUT 1, 29 A< A= Flo Table 1. Parameter for MIMO  OTA  performance

measurement.

93| correlation&/d 2] W3/t i 4JJr T12] o]

P Descripti
% ©40] 2 DUT 348 3% comelation®] gpae] % | Lo T
% thE DUTe] s} uj$ Zcks Holth structure FDD with normal CP
E Ao A& Multi-antennas ¥&3sl= LTE @ System bandwidth 10 Mz
) B } - . RB allocation DL: 50 / UL: 12

71 W= Fke o8] ctHU o] 5 £AS e 8 Frequency DL: 752 MHz, UL: 782 MHz

o}yl obeL}e] correlationd] &= 2 WIS F1 5 Total eNodeB transmit 45 ~ 80 dBm/9 Milz

Al DUTelA 85402 correlation®] StobA = 7 PDSCH

?Q: o Eol S MIMO OTA system oﬂ }\1 /\164 7< o -21' Transmission mode TMS3 (Open loop spatial multiplexing)

olatgit) the oM #l= FIby} LTE wd7]e PDSCH MCS Variable (MCS Index= 0~28)

(390)




96 LTE 0|3 =& MIMO 2M 453 Hand effect x84 9
60 : ; : : : - 80 : : ; : ‘ - —
50k ,)J}‘f’— V S BOE l”’(- -

40

(S
=]

i | =——DUT1 without hand effect

Averaged PDSCH Throughput (Mbps)
w
=}

10 ITEI L Cedbrairanese 2| =+==-=DUT1 with hand effect B
bt : : i | ===Dipole A =025 &
q i i ; ; ; ;
75 -70 -65 B0 55 -50 -45

Incident power (dBm/3 MHz)
(a)

& T ! ! T '

. . -
i

. DUT3 without hand effect
i = +=+-DUT3 with hand effect 1

Averaged PDSCH Throughput (Mbps)
=]

S
=]

B

— DUTZ without hand effect
i| =+=1-DUT2 with hand effect

o

Averaged PDSCH Throughput (Mbps)
=]

Incident power (dBm/A3 MHz)

(b)

DUT4 without hand effect
i.| =+=+-DUT4 with hand effect

Averaged PDSCH Throughput (Mbps)

10_-’ T 10" }, P seeeeeend
— = = Dipole 4 =025 3 Lo : : :| ———Dipole A 70253
= 70 R - g T R =0 s
Incident power (dBm/3 MHz) Incident power ([dBm/3 MHz)
(c) (d)
60 T T T T T T 7o
’g 60d oo sss lase sis 562 57.5 544 8557 | 557 572 5748 N
= 2 50 — N
g [-'1]] TTTTII STR -_é— 20 1
5 = 30+ ]
Bl e e E 20 N
én o 10 —
E B | vvesnnans o s Bocsosinnsgossos plcasst s sollonanssss qasssassonanisigacassinsiesasshon Sg
2 g [_]without Hand effect s
o B A il NP S g 507 [ with Hand effect . 7
] : : R FT R Y e T e e ]
7 : — DUTS without hand effect = 30 B
5 10 F o e B ==+ DUTS with hand effect 4 % 201 n
: ———Dipole A =0.25 & S 4] B
0 i i i i i i =,
-75 -70 65 -60 -85 50 -45 " -
Incident pover (dBm MHz) DUT1 DuUT2 DUT3 DUT4 DUTS Dipole (A=1/4A)
(e) (f)
% 8 SHE g3fof| o MIMO OTA AlAElofA 2] PDSCH throughput &S Hlu
Fig. 8. Hand effect on PDSCH throughput performance measured by MIMO OTA system.
=S Yo e QHHY o5 EAdE Eqeta dE = B3t HE3t ¥ LTE #1719 EVM (Error
Aol ARG AAErE At FEHERY =2 Vector Magnitude)o] Z3}5o] 7F¢ =& MCS index

= g3 93 Sty correlation®] ol & 3bol] 7]

ko)

o] <telut 3t DUT 33 DUT 5] Astel] vehd
Az M717F Z71ske wel throughputo] ¥E3}E+

&2 fadingell ©gh 49 215e] =3} LTE T
F &g @Al ofaf g Aso A7I7E 71

=

(391)

S
o] 28041 10% ©]&te] CRC dll&j&S 24 a
Folt} o]# 3 Yelo g DUT 39 A%

71
N g o

[e)

93] <ElL correlation®] 7F A AL w
=2 A3 A7) JYollA throughput 71412 Zo] 7o)

A weh A,
Qe Ao A7 A tebdo] ket
AR zRAe Ash AREL

AL

Asur)



20124 58 MXSS3 =24

throughput©] StolA = wadEo] EAst=d 1 A%
A7) olstel e A= ZIR Qs AstyE St o5
o] 4l Al 9] SNR iz o]ojx]7] wjito|t},
a9 8 (Dol DUTYE =4 #3+e] #Hit throughput
3 Hdf throughput’ds 235 QFst3ich DUT 13
29l 4% throughputd H = AL Wgo] §lu
throughput 2] zlEHﬂi o Mbpsﬂ Exdipit=s
Throughput 3] 2] 749
o] Axs} o] DUT 134 2¢] 4
QtEIY  o]= ’\”01 ’é"ﬂ’“
correlation 74 <13k throughput 7H/8_ et g4
g 5 Folty. DUT 3, 4, 59 4%
|= 2~4 Mbps® 7HAhe] Zo] &
5 MbDSi 17}4 io] Faxtt. ol

99
T
L

4
Zo

‘}AL ?% 17]

— N,

%?l‘jr ) O]OL A At _b:::% o
Ao A9 throughput E3} &4kl 7]el3kc},
91 Ao A FHY FiES I8 7

wao 4 % DUT 3. 4, 59 ket o= gast 4

4 dBIA HY) 78 dB EASAOY 17 89] A=
o 9]& z} DUTHE throughput 3419 o5& =
S AdEelA e AF div] 25~4 dBE Ao #
QL o] 59 Z ] HAasidith 1 olfre d= &
ol 93k <L} correlation #AE LTE ©id7] 9]
MIMO 41 Aso] =7 wioltt.

lo,
:

X

]*,

(0e]
N
EN mv :

&

O

Iv. 8 8

B =M+ multi spatial cluster channel model2]
79 PASE P} =47 oL} RFPS o] &3] de
cross—correlation 54 Z¥e} MIMO OTA systemd]
A ESARE AR dAE gRlgslon ol F3
MIMO OTA Al2=§le] Fa34S ASsiainh =3
ol E%oﬂ ,] ]_ 0]—131]1,]- EH Bﬂﬁ],a %@31 o= pj_o] }oj
o HFHoz MIMO OTA Alz=#HedAe PDSCH
throughput A5 H|aE F3}9] link level 454
A A= ﬁﬂrﬂ LTE ‘i‘r‘:—'iﬂ«] MIMO ol
sro1ael

-3l Q‘L% 25 AMd S T QHEHIL

did7)e] e &de QrEUe] o=

Sl E3HA| Y oHH|L correlation 7

=

1

/\] /\g

R

=
=
Bt
L
4

(392)

HMA49HTCHAHS Z 97
& wR7bE QAF LTE 54 m9yel dag 4% 7)
How of% wgldl me A% Astd & 4N &
slek Helth

212
[1] “http://www.cost2100.org/.”
[2] Vodafone, “Proposed SID revision for study

item: Measurement of radiated performance for
MIMO and multi-antenna reception for HSPA
and LTE terminals,” 3GPP TSG-RAN 54,
RP-111754, Berlin, Germany, Dec. 6th-9th, 2011.
“hppt://www.ctia.org/.”

Kyosti, Pekka, Nuutinen, Jukka-Pekka, Jamsa,
Tommi, MIMO OTA test concept with
experimental and simulated verification,
Antennas  and  Propagation(EuCAP), 2010
Proceedings of the Fourth European Conference
on Publication Year, 2010,Page(s), 1 -5

[3]
[4]

[5] Baum, D.S., Hansen, J., Salo, ], “An interim
channel model for beyond-3G  systems:
extending the 3GPP spatial channel model

(SCM),” in Proc. of the 61st IEEE Veh. Technol.
Conf. (VTC '05), Stockholm, Sweden, vol. 5, pp.
3132-3136, May 2005.

P. Kyosti et al, “IST-4-027756 WINNER II
Deliverable 1.1.2. v.1.2, WINNER 1I Channel
Models,” IST-WINNER?2, Tech. Rep., 2007.
“Guidelines for evaluation of radio interface
technologies for IMT-Advanced, ITU-R Report
M.2135,” ITU-R, Tech. Rep., 2003.

R. Vaughan and J]. B. Andersen, Channels,

(6]

Propagation and  Antennas  for  Mobile
Communications. The IEE, London, UK, 2003.
[9] S. Laurent, IP. Klaus, EMUPreben, From

Antenna Spacings to Theoretical Capacities—
Guidelines for Simulating MIMO Systems, The
13th IEEE Internaltional Symposium on Personal,
Indoor and Mobile Radio Communications, 2002,
Vol. 2, pp: 587-592

[10] Measurement of radiated performance for MIMO
and multi-antenna reception for HSPA and LTE
terminals,” 3GPP TR 37.976, v1.5.0, May, 2011.

[11] Pedersen, KI. Mogensen, P.E., Fleury, B.H,
Spatial channel characteristics in  outdoor
environments and their impact on BS antenna
system  performance, Vehicular = Technology
Conference, 1998. VTC 98. 48th IEEE Volume: ,
Page(s): 719 - 723 vol.2

[12] Kolmonen, V.-M.; Kermoal, J.-P.; Vainikainen,



P
olo
0z
Iee)

98 LTE 0|5 &9 MIMO 24 ds1t Hand effect

P., Comparison of Correlation-Based and
Ray-Based Radio MIMQO Channel Models,
Personal, Indoor and Mobile Radio
Communications, 2006 IEEE 17th International
Symposium on, Page(s): 1 - 5

S P |

AR-RTEE D)
2005 FHeFej st A 47 FEl
Z 8} 3HA})

= & A
1997 M o skal 7] d 2

=T o 1 :Jg_—!l?‘ (O ==
1999 ol A8t A #}& 8k} 20073 sl stal A= 7] A o
(234 A Az etat (F3H4Ah

20073 ~& A LGAA A1y

o o dH39)

20043 @A TS 271474 20104 Felehskan 4477
Foha} (F8HeHA]) FoL (33D

200613 A thsha 47147 20100 ~ @A LGAA 174
Fo3t (A <FFAEF 1 MIMO, B4) A2

2006 ~ A A LGAAF A+ &, tE >

ot

DAl AlE]L A EA ], Q>

T TCE )
83 M osha 4173 33}
(& 8FEHAL
1985 A& it 2}k
(F3 44
1992 University of Southern
California EE-Systems
Ph.D.
19921 ~2005% Hughes Network Systems,
System Architect/Technical Director
2006 ~ & Al LGAA AG/LTE & A
<FHAEoR T2l A2E A A, Qe >

—_

(393)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


