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Concept of THz-optical seamless networks

= Beyond 5G syslems will have huge numbers of Remote Antenna Units (RAUs)
= Number of RAUs may be larger than number of users

= RAUSs will be connected by seamless networks 5 (i)
' THz link \!

g U

1) Photonic THz
£ et
xS generation

ThoR THz links will make bridges for
RAUSs in rural and/or urban areas.
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BAE#MFIREFEDM L Increase spectral efficiency (SE)

By using advanced modulation formats, MIMO or beamforming.

FRERMAROMIE Explore new radio frequency resources

High frequency bands: millimeter-wave, THz---

CFSE (carrier frequency spectral efficiency product) = CF x SE
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Bitrate and power consumption of wireless
data transmitters
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Concept of THz-optical seamless networks

= Beyond 5G systems will have huge numbers of Remote Antenna Units (RAUs)
= Number of RAUs may be larger than number of users

A W

ThoR THz links will make bridges for
RAUSs in rural and/or urban areas.
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Waveform transport over fiber (Radio-overfiber:-RoF)

Waveform is transported over the fiber — Simplify the EO/OE conversions
\ \ Optical fiber \ Tl 1
Optical
o]

- Simplify the process in the marine port
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Transportation of truck cars by ferry ship
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Photonics for THz links

Waveform transfer over fiber (Radio-over—fiber / IF-over fiber)

Comprehensive signal processing

Photonic Local Oscillator (photonic THz generation)

Stable 4706Hz |- ~k % f} A
optical signal WIYRYEVAY)
VY Vvy

External modutalor for harmonic generabon

Photonics developed for high-speed fiber
communications can be used for THz links.
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Over 10000 QAM

16384-QAM TRANSMISSION AT 10 GBD OVER 25-KM SMF USING
POLARIZATION-MULTIPLEXED PROBABILISTIC CONSTELLATION SHAPING
ECOC2019 PD.3.3

Fig. 6 (a) Recovered PS-16384-QAM

constellations  with
[#=5.597; (b) Histogram of the positive-amplitude portion of real-
part of the transmitted PS-16384-QAM signal with [J=5.597.
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Comparison Between Analog Radio-Over-Fiber and Sigma Delta Modulated Radio-Over-Fiber
Laurens Breyne ; Guy Torfs ; Xin Yin ; Piet Demeester ; Johan Bauwelinck

IEEE Photonics Technology Letters Year: 2017 | Violume: 29, Issue: 21
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DRoF: CPRI data rate options (for LTE 20mHz cC)

Opuion | No. of CCs | Line coding | Bit rate (Mb/s) | Examples

] 0.5 SB/10B 614.4 Only I or Q component

2 1 SB/10B 1228.8 One CC with 1 and Q components
y 1E3 SB/T0B 24576 2x2MIMOor2CA
4 .9 SB/10B 3072

3 4 8B/10B 4915.2 i x A MIMO or 4 CA

6 ] 8B/10B 6144 5CA

7 8 SB/10B 9830.4 8 x SMIMO or 8 CA

TA 8 64B/66B 8110.08 8 x SMIMO or 8§ CA

8 10 64B/66B 10137.6 5CA +2 x 2MIMO

9 12 64B/66B 12165.12 3CA +4 x 4 MIMO

For 400-MHz 5G NR, 20.274 Gb/s for a CC, and 324.384 Gb/s for 16 CA

More than 1 Tb/s is required for RAUs with massive MIMO and beamforming.

—

Function split or ARoF?
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TOANETFOY, REBIDERHERERIC

TARGE [ DRoF (CPRI based) | Delia sigma i
Sampling raic NA 30,72 MSals
—T'a—:nr-vm. T,/ T
y - ~ 123 Gbis 125 Mbss

Comparison Between Analog Radio-Over-Fiber and Sigma Delta Modulated Radio-Over-Fiber
Laurens Breyne ; Guy Torfs ; Xin Yin ; Piet Demeester ; Johan Bauwelinck

IEEE Phetenics Technology Letters Year: 2017 | Violume: 29, Issue: 21
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ENRDERAIE 20> TODITFEE B R E BB INL TOVETS,

TIVY DI BRITE ETOHVELTD, Frla <-on
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Concept of THz-optical seamless networks

= Beyond 5G systems will have huge numbers of Remote Anlenna Units (RAUs)
= Number of RAUs may be larger than number of users

= RAUs will be connected by seamless networks «m o
' THz link ._d

MBH: Mobile Backhaul g ? \
MFH: Mobile Fronthaul

<
Photonic THz

generation

Multi-band
wireless entrance

Comprehensive

100 G
signal processing g i

THz/mm-wave direct
waveform conversion

. ﬂTJ)
\‘\d ThoR THz links will make bridges for

RAUSs in rural and/or urban areas.

B

ATAR 17

ZDOTaT I NDORA L MWK ONTRALET,

ThoR approach: capability of 300 GHz backhaul/ fronthaul links

Key Enabling Technologies (KETs)
1-Photonics-based LO

2-Electronic THz amplifier and up-converter
3-High Power THz TWTA

4-Electronic THz receiver

Key Performance indicators (KPls)
1-Transmitter linearity, bandwidth & output power
2-Spectral purity of photonic THz LO
3-Bandwidth, noise & linearity in the receiver
4-Real-time data rate processing capability

5-Digital & g interf 5- fliciency (bit/s/Hz)
6-Spectrum regulation and interference 6-System capacity (Gbpsxkm)
mitigation

A7AR 18

ThoR T, & HE->Ta—hIUE BZEEAZEE, TT~LYD
15 B HIE - £ #1575 RF O7u b= ROB%E, Zhnb
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1%, AETIHMER N —ATOF T I IR E R E D7D T
T, LoD Ry NI —I b 27035578 b DEEAD, ZO~—
ZNROFINHDIRN TN ETHHROMATT,

EZ DT T~NVINZT B, BEBEOENGTEM, 2
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7V 7 =71/ No. 96 Mar. 2021

viii

X, T O EBEIEERR B Ao F — LT, Z OB
LT (R B E ERRIC R —ZNNURBEo TV e, BRYO—
DTT,

A4 F 1913, ERICEBRTRLAIELTWALTETT A,

ThoR demonstration concept

air interfaces from THoR partners’ prior an

DEMO4
simulation-based

100 Gbps
full 802.15.3d
bandwidth

e

Modems.
| existing TRX realtime DSP
l photonic LO network integration
Ei &
2i . i
distance
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FTIALDEREL 2 —Tar, ZRDDIT AAALGRE, T
BHROENTWDHDT, T TILHDbDEMAE RN, LB
LOED LT ORTTHTHED TOET, 1 km OREEET 40 Gbps %
KB D208, ET =405 32— ar TEORREZR
DIHELTWET, Zhp—F B Z 5 IKERIZLENET,

JIFE OMVIRLNZ/RVET A, CFSE fRECTRLE, B—21%
300 GHz T,

CFSE (carrier frequency spectral efficiency product)
T. Kawanishi, JLT 37, 1671-1679
300GHz
2000 o ASK
Z 1500 .
= £ 4 16QAM
2 Fhow + 32QAM
i 1000 R * 64QAM
= A
(@] e ?
500 e, 2
] =I R
0 [ ]
0 500 1000
Carrier frequency [GHz|
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FXIZZOFaV =/ Th, 300 GHz T 100 Gbps 2°59¢L
TWET, RO LICH -T2/ T7 (R T4 K 2002 7TC, 71
T IINPTEDIT TEHVETAN, B TIRVIRSTHNL, 7
F7DHERDOFT TESILE > TNEWHTETT A,
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300GHz link budget

NF:15dB
Req. SNR for QPSK:10dB

SIN[dB]

Antenna gain:50 dBi 0 200 400 600 800 1000
Transmission power: 20 dBm. Distance [m]
Thermal noise power: -64.00 dBm (100-GHz BW), -80.99 dBm 2-GHz BW).

The atmospheric attenuation: 5,24 dB/km for 300 GHz and 66.23 dB/km for 500 GHz.
Attenuation under Smmvh rainfall: 4.47 dB/km (300GHz), 4.27 dB/km (S00GHz)
Aftenuation under 50mm/h rainfall: 8.99 dB/km (300GHz), 17.83 dB/km (500GHz)
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ATA K 2113, BEEMSEREEL, 7o 7710 % 50 dbi
LRV EDIAREL T2/ F7 T, hFAIy a3 20 dBm T,
HHRIE )20 Beg 72 KE T3, 100 GHz & 2 GHz b~
1, QPSKIZESATFLDLEFY 10 dB D S/N 3AZE T,
~—Y L ELTNF % 15 dB fLAATAHL U U BOMRES | EELTZ,
ZOMELT 5L, 300 GHz T 100 GHz Ol Ba5 4, 50
mm OFRAFEEDE 800 m SHNETENIZ &IV ET, BIMER
ZRETDHE, 100 GHz O A IR-72LLTh, #0100 m DY
IENDTLED,

300 GHz 72Efi>THDADBNROIND, FH7RERE20D
T EOTERLHINEITENETN, VE—her v o 70BN
KT E~OEELHVET OT, T T TR EESTE
To AT A4 K 221%, BEOFEEIRFELOFHOBEFITT,

300GHzFHTO T i1 &HAl

Anghe [degive]
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F—axFasl, R4 K 22 TlrmydHh— " —LENTH
BT —HDAT Fy N — % [ E MR TORST TV r—ar i
otz LET, BIIC2—H =AW TR 300 GHz 25454,
fEEFEN 10 48058 D/U s 20 dB 281555 Ri/m> Tk
9, MEE72 SN Y 20 dB FREE T, ZALERIC DIN 3 ZE 72 S
ETHE, R0TY 10 ESHNDO~— U BN ELRDE4, [ E#
BRA L THIUZM IS L TEDINB LN ETANR, S iXBHE
EENT T ELRFSNTOETOT, T TITIOVH THIIREES
HEVNHTETT,

725 500 GHz IZATIHIEV WD TIEZRWNZHOWT, LB
FELET . 500 GHz TITHHENEZ T, (5325 AT Re/R IEAEI 80 £
¥, 100 GHz O iika A5 L Th, F13500 GHz IZIZ$5E80
WAL HY, ZDFFE 100 GHz ZID DIV O Tl
BEDVDLLIRLRNEWTERA, RTA4 K 23 07771, %5
DO REIXEHL COET,

500GHz link budget

ol NF:15d8 _
ol Req. SNR for QPSK:10dB
70

g eo

g’ 50
40
30
20 {BWTOOGHZ BW 2GHz
10 5 mmih e=——> > \:-\ o
0 —_— —— ;

0 200 400 600 800 1000
Distance [m]
on power: 20 dBm.

00 dBm (100-GHz BW), -80.99 dBm 2-GHz BW)
jon: 5.24 dB/km for 300 GHz and 66.23 dR/ki for 500 GHz

fall: 4.47 dB/km (300GHz), 4.27 dB/km (500GHz)
7.83 dB/km (500GHz)

Attenuation under S0ommvh rainfall: 8.99 dB/km (300GHz), |
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100 m ZE5EF LN THDHDOT, ENSHNTHILE 50 mm D
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IT TIHINSNTNDDEN D, AR THRERRWDIT T,
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References for link budget calculation

1. Report ITU-R F.2416, Technical and op h istics and of
the paint-to-point fixed service i ing in the band 275-450
GHz

2. Report ITU-R SM.2450-0 Sharing and compatibility studies between land-maobile,
fixed and passive services in the frequency range 275-450 GHz.

3. Recommendation ITU-R P.676-11, Attenuation by atmospheric gases and related
effects

4. Recommendation ITU-R P.835-5, Al h

5. Recommendation ITU-R F.699-8, Reference radiation patterns for fixed wireless
system antennas for use in coordination studies and interference assessment in the
frequency range from 100 MHz to 86 GHz

6. Recommendation ITU-R P.838-3, Specific attenuation model for rain for use in
prediction methods.
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A T4 K 24 (ZITU-R ORF 2 A MOUANTT 23, HIIZSE
W EIR2Y 86 GHz DLOBHVET, THN072bDRT T~ L
VHAZKHEL TG, i HIIZEI R CERV o T,
ZIZbiE, 3—ay 0T aY e /TR TNAIEETHRANAL
1, T4 K 2513 300 ¥HDAT—T T OFITTiA,

300 GHz power amplifier

EEEEEHES

Transducer Gain (d8)
aeimeEEEHEEELESE

Pu= -5 40w ool Frequency = WODGHT
o EEEET RN R iiisbann

W i i
Frequency (GHx) Output Power (dBm)

Figure 17: CW measured larg the PA MMIC depi Figure 15 (left) measured
output power and transducer gain vs. frequency at -8 dBm input power and (right) measured transducer
©ain vs. measured output power at 300 GHz.
ThoR Deliverable D4.3
300 GHz circuits validation

ATAR 25
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X

Photonic LO

g B 4>
A ih—.mad./ b

- b,

- |

Fig. 5: Architecture of the photonic LO. Waveguide output is used at the end, as defined in
the D2.3 (Specification of the RF Design).

ThoR Deliverable D4.1
Photonic LO performance Report
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Photonic LO
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ThoR Deliverable D4.1
Photonic LO performance Report
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AT K283, EBRLEIEL TODL AT AORERKIK T,

System demonstration

antenna

Combiner/Splitter
300-GHz RF

Figure 4 Functional System block diagram

ThoR Deliverable D2.2
Overall System Design

ATAR 28
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DY AT L%, IF FELLTHESTWD7eH T, E SURDvRT
AlE, ART T OTIARFTTITREMEL TODBOEFFL T
F7, VAU RIE, AARD HRCP (High-Rate Close Proximity: /=
HOT BRI IEA) SADV AT LT,

INHEETLELT, IFEHELTRATHEET, IBEDOIE
DY AT LETEoTHDE, RUIVRAFELPNLIIOVI N LD >
72T R, FEHSG NSO @ EEEOIEEIINE 7R R =R
FEMETL2OLHLNOT, BFEOVAT LDHEZE IF [ZL TR
2T FDM(frequency-division multiplexing) L %79,

RS54 K293, 22020fITT i,

System demonstration

Table 7 Conditions for the throuahout calculation

Value Remarks
uency [GHz] 300
otal anmanHzJ_ I
[ Total Baud Rate (Gbaud| 5

Noise Power [dBm]| 599

Item
RF Fri

__| Occupled BW or Channel Separation
Assuming 20% BW expansion due 1o roil-ofl _
NF=10dB, T=300K

TX Power ([dBm)| 10 +30dBm with TWTA

Tink Distance [m] 7000

FSL [dB] 1420 at 300GHz

Antenna Gain [dBi] 50 Common for both TX and RX
Payload Rate 09 Payload/Frame length
Number of Carrier N N=1t0 8

ThoR Deliverable D2.2
Overall System Design

Figure 11 Calculation results of Throughput vs. Number of Carrier
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THz antennas, propagation and interference studies

= Evaluation of THz antennas and propagation
. Measurement of THz antenna patterns
Propagation experiments with 300 GHz wireless links

mmIRIRXY

MIBA INSTITUTE OF TECHNOLOGY

= Deriving planning guidelines for 300 GHz BH/FH links

=  Sharing investigations with passive services, development of
interference mitigation techniques
Simulation of THz propagation for sharing study

>
T
// - ‘\’ r " -
i& Evamcmor'ruzmprogj?w
.IS!/Q/ Evaluation of interfefénfe Saa

with other base station
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Figure 20 C aleulatson medel

Figure 19 Measurement system

A parabolic antenna with a diameter of 350 mm, a radio equipment, an anemometer
and an acceleration sensor were installed on a steel pole with a thickness of 89 mm
and a length of 5 m.

APT REPORT ON FWS LINK PERFORMANCE UNDER SEVERE WEATHER CONDITIONS
APT/AWG/REP-81 Edition: April 2018
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Figure 21 Wind speed distribution Figure 22 Inclination va. wind speed

APT REPORT ON FWS LINK PERFORMANCE UNDER SEVERE WEATHER CONDITIONS
APT/AWG/REP-81 Edition: April 2018
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Figure 25 Rx level vs. wind speed

APT REPORT ON FWS LINK PERFORMANCE UNDER SEVERE WEATHER CONDITIONS
APT/AWG/REP-81 Edition: April 2018
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Standardization of RoF systems

ITU-R? AWG?

RF signal

[ITU-T? ASTAP"|

%%%ﬂvwmm

RF signal Optical signal
Optical fiber

%l

b=

Photo
detector

RF stgnal
source

Electro-optic | |
conversion :

‘Central unit (CU)

1
1
1
1
L]
]
i
1

Remote antenna unit (RAU)
/ Base station (BS)

ATAR 34

T VY ENTH NSNS R SJ N2 TN THEHE L O TE B A L T
WET, A TIET 7 AN~ RO HEIITZ Ne0ICFBES T
WHEBNET D, BONIRe LB OBRHVELT-, HEEID
XA AR T T, R EZThHVET, YIZVRTTT A,
B HH Y JRFEHEIEL CODHRED I LT v — T e DE N
FT, WNVTF v —BPRVEIDIIEHRNZETTR, 77 A3—
GRS AT AOEHEALIZE B L TRADNITRITRVET,

Lidnz, B TIIOIV T RIISLETT, REE TS
Lo TOHEGHIEL TR AL R TLLED, RoF 23Ry b —27(Z
2o TLLLBHEDOE LD LB>TWET, Hlx X7 7o
N—=DHIZFERITT VAL DOF ¥ Fh WDM TASTLDHET
L&, TUXNDEG O EEZ DETBE OB BN NS
ZIRN, ZOEEEST LTI,
IFMNLL T2 A7 BT, B IXRH 22O U AT A THILE T A

EERTHRFEZLLZITD VDI T, LiL, E
TICASTCEIZHA

=

LDT 7 AIN— RS 2T 1

R R —
FE DI EE XD RERBTLE

5G DEB T~ ~Beyond 5G/6G TROHIDHHy T — I Hiffi~



Do VWA Z L2 L CHE SR E EDOL BT 23, #icT

WS A7 Ry NI — 7 & H AT Iv 7\ B85 L3 5566

TETCWET, FyNT—IRBHINLIZ, ZARIENRIEbHD

DTIIIRNNE RS TNET,

7 5: APT(Asia-Pacific Telecommunity): 77 « A V-2 Sl {E 2 A
7 7T REPE R O B RORE R I O SE K DLk L F D% D
A 2 7e3E A [ D7 8 00 s i BE

5 BbhYI

BB, ZRBAIANEEDD, W2 E R L B
ERRWET,

6G DFfaT DL, T HUMAES O | ERTDIVES, ZHUTMEA
HIZR R BRI SRR D TT N, BRI ANLAI2=r—vay
FTHFFEDERBVRNEEE COET, ZOBELZITT
D, FOBITESADOEB R AN ATT R, KETIET 24
FTARET, WHBILEDOBICRERTREZLOFLHVET, 1=
72, FAEOMDBIE, WANALAYYIERELTNDEITT, 3%
EHEERLTALNDLED, RFEIATIRITRNED),

BHEETHUN LS THDIDNL, PADEBRZIRNIELRAT
o FAITHRDLITRVETD, BVTD ADEZE R s, 550
NEEZFIEL QDA TT R, FAESAUTBNTTR, [ZoT
THZEAEETNT, DHOHEXIETRED LD, [ZOT1ET ok
FLETWDIED, WANWARIAT DFAEZ L TNDDI T, i
4 3, 4 b T, ZNENOEENRRA LRG3 >TEET
DT, FHrEHHSERT, BIZITHLVGEEZL TWDHEXIZIT FD
WTIHNDIET O RDONTIRWEELD, fEZOL LA
IS DDITTT, TNEDLIDLE IV I LT, [l > T
DR E LN TO TR EICRVET A, 2B AL RS
Eo TSIV ZEel, EXCERLELZR, ZOMEbESA
DEBROLNTZD, bIVLEEONBEESADORKLRIZHEDLEDLZ
EITERDBLNER A,

FIFHB ORI, R EOEHRS LB 2DHATT, 8K
TRV WD BLNERA, X LES, ZOTORIEMN
RZDEIIRVAT DEAELIRNEIZD TR, AL E 5y O
HERICERINER RSN, LEOHEND Lo bB> T UL T &
DIEHMELTUT T TY, LinL, REEED LT 572012132
VIRNATT, T A —T A A MNEL TS 2%, RCEIIC
U TWDDTIZRNTLEIID,

BATH, Kbl BICA T I TRl THRIC, BhoLHEN

TV 77 =71/t No. 96 Mar. 2021

xiii

WHEPRT, EART —~THEY EBR>TOBONHERIL TA-T
WoTZOLET, WANARY — UFHHTETWET R, £ E2E
WMEITEORNEELET, bolb oM EA IO LENHY
7,

BIL, AETHLEONTEIETEOHYETA, A B
FEIZEST, 6G ITEETT 4,

AT FET T, 2T 4ar _N—ZAR <% —Y A MNCBM)
TLEID, BIETENNT BB I EVOZE T, RUTATRE
WHET AL, WAL TWA DI T3, EfimA T3,
BRAELRUT T, BTN ES RIS IR T,
OB DERHIET DL, TG KR BDIFRER LEN
ELET, LIEEBEERILEOHIZHLUELTA, FIZBIHILZY,
BELZD, RAELZOA, HiTiZk>T5TLEY,

ZONST T 6G DM ND L, HHUROHS N AZEBAD
IDNTRDEEGEL TV ET, MG A THRLTOLRILSHND
R CER AT TR L, Kb LitEEA, L2L,
LB RELCHBEE LA BT LERHLOTITRNT
LEohy, ZHLNE, EREEOHRATHLOAN—NT =T 134
FNTIRVDTIERVDEESTNET,

FEELRVEFCTHLRGVETAD, LLETT, HUBEITEWN
FL7o,

SE Xk

1) GSMA, Reaearch Report, Moble backhaul options Spectrum

analysis and recommendations, September 2018

5G DEBIZSE~ ~Beyond 5G/6G THRD LDy T — I Hiffi~



REERNT

‘A
I # b (blcL ToR)

1992 4 FERRE T B LR

1994 £ TSR RE . LR & L
ELRET

1994—1995 4 F& NEEAREES (BK) AERERIRIIEIT S

1997 4 FRHSRFREE LR e LI
RS T

1997—1998 4 FHBRE N Fp—EVRATRTN —
UL =

1998—2015 4% JEEHRAEWIFEAT
(BRENZAFIEBRFIE N IEHOB ST o) €55

2015 —BUE  FREHEKXTEEE

7V 7 =71/ No. 96 Mar. 2021

Xiv

5G DEB T~ ~Beyond 5G/6G TROHILDH Ay hT — I Hiffi~




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


