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1 Uvod

V tomto dokumentu je predlozen navrh zakladnovych stanic BTS radiového systému
GSM-R. Z&kladnové stanice BTS radiového systému GSM-R slouzi k pokryti signalem
GSM-R Zelezniéni trati v Useku Plzefi — Ceské Budgjovice (mimo) - trat &. 190 dle jizdniho
fadu. Pozadavky na pokryti signalem GSM-R vyplyvaji z mezinarodniho standardu EIRENE a
ze Smérnice SZDC ¢&. 35.
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Obr. 1: Zelezniéni trat &. 190 Plzeri — Ceské Budéjovice.

IXPROJEKTA s.r.o. Strana 1 leden 2017



GSM-R Pizeti — Ceské Budéjovice

2 Predpoklady

V této kapitole jsou uvedeny podminky a parametry jednotlivych €asti systému GSM-R,
které byly brany v potaz pfi navrhu.

2.1 Doporuceni EIRENE

_Nasledujici hodnot vychazi z mezinarodniho standardu EIRENE a ze Smérnice
SZDC ¢. 35.

Minimalni hodnoty, které musi systétm GSM-R splfovat:

e Pokryti s pravdépodobnosti 95 % vychazejici z urovné pokryti 38,5 dBuV/m (-98 dBm)
pro hlas a pro bezpec€nostni nekriticka data.

e Pokryti s pravdépodobnosti 95 % vychazejici z urovné pokryti 41,5 dBuV/m (-95 dBm)

Nasledujici hodnoty jsou doporu¢ené hodnoty:

e Pokryti s pravdépodobnosti 95 % vychazejici z urovné pokryti 44,5 dBuV/m (-92 dBm)
pro traté s ETCS urovné 2/3 s rychlosti nad 280 km/h.

e Pokryti s pravdépodobnosti 95 % vychazejici z urovné pokryti 41,5 dBuV/m a 44,5
dBuV/m (-95 dBm a -92 dBm) pro traté s ETCS urovné 2/3 s rychlosti nad 220 km/h a
menSi nebo rovno 280 km/h.

Pro navrh systému GSM-R byla do uvahy vzata hodnota intenzity elektromagnetického pole
41,5dBuV/m (-95dBm), jejiz dosazeni je cilem po celém pfedmétném Useku Zelezniéni trati.

2.2 Zarizeni

V této podkapitole jsou uvedeny zakladni parametry zafizeni vyuZitych pro radiové
planovani. Katalogové listy vSech nize uvedenych zafizeni jsou uvedeny v pfiloze na konci
tohoto dokumentu.

221 Zakladnova stanice (BTS)

V nasledujici tabulce jsou uvedeny zakladni parametry BTS uvazované pfi navrhu systému
GSM-R:

Tab. 1: Parametry zakladnové stanice (BTS).

Parametr Hodnota
Produktovy list S9000
. bez diverzit -110 dBm
Citlivost s diverzitouy -115 dBm
Vystupni vykon 60 W (47,8 dBm)
Ztrata v duplexeru do 2 kmito&tt | 1,4 dB
> 2 kmitocty 4,5dB
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2.2.2

Mobilni stanice (MS)

V nasledujici tabulce jsou uvedeny zakladni parametry mobilnich stanic, které byly
uvazovany pfi navrhu systému GSM-R:

Tab. 2: Parametry mobilnich stanic (MS).

Vozidlova stanice | Ruéni stanice
Vystupni vykon [dBm] (W) | 39 (8) 33 (2)
Citlivost [dBm] -104 -102
Ztraty v kabelech | [dB] 1 0
Anténni zisk [dBi] 2 0
Vyska antény [m] 4 1,5

223 Anténni systém

Anténni systém se sklada ze tfi zakladnich &asti a to z antény, napajece (anténniho svodu)
a déli¢e vykonu.
Anténa

je charakterizovana pfedevsim impedanci, polarizaci, ziskem, frekvenénim rozsahem a
Sifkou svazku v horizontalnim a vertikalnim sméru.

Tab. 3: Parametry antén.

Anténa

Kathrein Kathrein Kathrein Kathrein

80010642 | 80010303V02 | 80010643 80010305V02
Frekvencni | i1 | 806-960 | 790-960 790-960 790-960
rozsah
Polarizace [-1 ZgS a- +45° a -45° +45° a -45° | +45° a -45°
Zisk [dBi] 18-18,5 15-14,7 20,2-20,8 16,7-17,4
Sitka H[°] 31-29 65-67 30-33 65-69
svazku V] 14-15 15 7,4-8,4 8,5-9,1
Impedance | [Q] 50 50 50 50

Pozn.: pouziti vyse uvedenych typl antén neni pro realizaci sité zavazné, Ize zvolit jiné typy
antén stejnych nebo srovnatelnych parametrd.

Napaje¢ neboli anténni svod (feeder)

Je charakterizovan pfevazné ztratami (Utlumem) v kabelu vztazenym k jednotce délky. Pro
pfipojeni anténniho svodu k anténé a zafizeni jsou vyuzivany tzv. jumpers. K pfipojovani jsou
vyuzivany radialni konektory 7/16“. Délka anténniho svodu se odviji od maximalniho Gtlumu
signalu na vedeni, ktery je dan souétem vSech Gtluma jednotlivych prvk( vedeni (konektory,
délka svodu, jumper atd.) a ktery mize byt max. 3 dB.

Tab. 4: Anténni svody.

feeder jumper
Rozmér 7/8" 1-1/4" 1-1/4*
Produktovy list LCF78-50JA-A2 | LCFS114-50JA-A2 | RLF114-50FLA
Délka <35m >35m 2-3m
IXPROJEKTA s.r.o. Strana 3 leden 2017
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Déli¢ vykonu
slouzi k déleni vykonu z jednoho vysilaCe do vice antén. Déli¢ vykonu slouzici k
symetrickému déleni vykonu se nazyva splitter (katalogovy list: Kathrein 86010100) a déli¢
vykonu slouzici k nesymetrickému déleni vykonu se nazyva tapper (katalogovy list: Kathrein

K 63 23 60 67).

2.3 Energeticka bilance

Energeticka bilance (linkova rozvaha) systému GSM-R vychazi z kritérii EIRENE
a z technickych parametr( zafizeni uvedenych v kapitole 2.2.

Jelikoz planovaci program RadioLab vypocitava urover pokryti s 50 % pravdépodobnosti,
je nutné vychozi hodnotu pro radiové planovani upravit pomoci technologickych rozmezi tak,
aby predikovana hodnota urovné signalu v realném prostiedi splfiovala hodnoty dané EIRENE
kritérii.

PFi stanoveni minimalni hodnoty sily pole pro navrh byla vzata v uvahu tato technologicka
rozmezi:

o Statistické rozmezi: Program pro vypocCet elektromagnetického pole pocita s
pravdépodobnosti 50 %. Z tohoto duvodu je nutné zavést opravnou hodnotu, jejiz
pripocitani zajisti dosazeni pravdépodobnosti 95 %, ktera odpovida kritériu EIRENE.

e Rozmezi prekryvu: Cilem tohoto rozmezi je poskytnout na hranici bufiky dodate¢né
pokryti, které dovoli rychle se pohybujicimu mobilnimu zafizeni uskute¢nit pfedani
spojeni a vybér buriky (handover a cell reselection).

o Rozmezi pro ztraty pomalymi uniky: Pomalé uniky jsou zpUsobené prekazkami pfi
pohybu antény mobilniho zafizeni. Ke kolisani urovné signalu dochazi vzhledem k
vinové délce ,pomalu,” ale hloubka téchto unikdl maze byt velka. Pomalé uniky vykazuji
logaritmicko-normalni rozlozeni v €ase s nulovou stfedni hodnotou.

Vypocet minimalni intenzity elektromagnetického pole uvazovaného pro navrh:

e [Min. int. pole pro navrh] = [Specifikace EIRENE] + [Statistické rozmezi] + [Rozmezi
prekryvu] + [Rozmezi pomalych uniku]

Hodnotu efektivné vyzareného vykonu (EIRP) Ize vypocitat nasledovné:

e EIRP = [vykon BTS] + [Zisk antény] — [Ztrata v duplexeru] — [Ztrata v anténnim svodu]
— [Ztrata v déli¢i vykonu]

Mezi dalSi ovliviiujici faktory patfi:

e Ztrata Sikmou polarizaci antény: Pro zajiSténi diverzitniho pfijmu se u BTS pouzivaji
antény s kfizenou polarizaci (£45°). Z tohoto ddvodu je nutné uvazovat ztratu
zpUsobenou Sikmou polarizaci anténnich dipoll jako kompenzaci zmény signalu z 0°
na +45°.

e Ztrata Dopplerovym jevem: Diky dopplerovskému posunu kmitotu dochazi
vzhledem k rychlosti pohybu mobilniho zafizeni ke snizeni kvality pfijmu.
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V Tab. 5 je uvedena energeticka bilance pro sestupny smér (downlink) ve sméru BTS -->

MS.

Tab. 5: Energeticka bilance pro downlink.

Sestupny smér — DOWNLINK Pozn.
[dBm] 47,8

Vystupni vykon BTS [W] 60,3
[dBW] 17,8

Ztrata v duplexeru [dB] 4,5

Ztrata v déliCi [dB] 3,0

Ztrata v anténnim svodu [dB] 1,6 [=30m

Zisk vysilaci antény [dBI] 18,0

EIRP [dBm] 56,7

Max. dovolené ztraty Sifenim [dB] -134.4

Min. int. pole pro navrh [dBm] -77,7

Statistické rozmezi [dB] 11,4

Rozmezi pomalych unikd [dB] 3,4

Rozmezi pfekryvu [dB] 2,5

Sensitivita — specifikace EIRENE [dBm] -95

Zisk pfijimaci antény [dBI] 0,0

Ztrata v kabelu [dB] 3,0

DalSi ztraty [dB] 3,0

Vstupni citlivost MS [dBm] -104,0

v

Tab. 6 je uvedena energeticka bilance pro vzestupny smér (uplink) ve sméru MS --> BTS.

Tab. 6: Energeticka bilance pro uplink.

Vzestupny smér — UPLINK Pozn.

Vystupni vykon MS [dBm] 39,0

DalSi ztraty [dB] 3,0

Ztraty v kabelu [dB] 3,0

Zisk vysilaci antény [dBi] 0,0

EIRP [dBm] 33,0

Max. dovolené ztraty Sifenim [dB] -144 1

Min. pole (po rozmezich) [dBm] -111,1

Statistické rozmezi [dB] 11,4

Rozmezi pomalych unikd [dB] 3,4

Rozmezi pfekryvu [dB] 2,5

Sensitivita systému [dBm] -128,4

Zisk pfijimaci antény [dBi] 18,0

Spoleéné ztraty v kabelu [dB] 1,6 [=30m

Ztrata v déliCi [dB] 3,0

Vstupni citlivost BTS [dBm] -115,0
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3 Softwarovy navrh pokryti signalem GSM-R

Softwarovy navrh pokryti signalem GSM-R probihal v programu RadioLab verze 4.1.5 od
spolecnosti CRC Data. Jedna se o komplexni vypocetni systém pro analyzu a vizualizaci Sifeni
radiovych signall nad zemskym povrchem zahrnujici analyzu terénniho profilu, vypocet
Utluma Sifeni signalu, vypocet radiové viditelnosti a vypocet ploSného rozlozeni intenzity
elektromagnetického pole.

4.1 Model Sireni radiovych vin

Pro vypocet Sifeni radiovych vin nad zemskym povrchem a jejich naslednou vizualizaci byl
vyuzit model Sifeni radiovych vin zpracovany dle doporuceni ITU-R P.1812 (ITU — International
Telecommunication Union).

Model Sifeni pozemnich sluzeb typu point-to-area v oblastech VKV a UHF zaloZeny na
doporuceni ITU-R P.1812 je vhodny k odhadim v radiokomunika&nich systémech uzivajicich
pozemni obvody s délkou v rozmezi od 0.25 km do 3 000 km a s obéma zakon&enimi pfiblizné
do 3 km nad zemskym povrchem. Toto doporuéeni doplfiuje doporu€eni ITU-R P.1546.

4.2 Digitalni model terénu

Velikost obrazového bodu (rozliSeni) v digitalnim modelu terénu odpovida vzdalenosti
50 m.

4.3 Vysledky softwarového navrhu

Z vychoziho odhadu rozmisténi zakladnovych stanic BTS byly pomoci méfeni odfiltrovany
redundantni zakladnové stanice. VySe zminénym softwarovym nastrojem byly u zbylych lokalit
upraveny parametry (vySka stozaru, typ antény, azimut, ...) jednotlivych BTS tak, aby bylo
dosazeno komplexniho pokryti Zelezni¢ni trati signalem GSM-R odpovidajici specifikacim

vyobrazenym barvam.
Tab. 7: Legenda k obrazkam softwarového navrhu.

Intenzita pole Prijaty vykon
Barva [dBpV/m]p [dEJ:m{ ’
bila < 58,58 <-77,7
Zluta 58,58 ... 61,58 77,7 ... -747
oranzova 61,58 ... 73,58 -74,7 ... -62,7

Na nasledujicich obrazcich (Obr. 2 - Obr. 35) jsou uvedeny predikce pokryti trati signalem
GSM-R z jednotlivych zakladnovych stanic (BTS).
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Obr. 6: Predikce pokryti rédiovym signdlem GSM-R z BTS 607 ZST Blovice.
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Obr. 7: Predikce pokryti rédiovym signalem GSM-R z BTS 609 ZST Zdirec u Plzné.
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Obr. 8: Predikce pokryti radiovym signalem GSM-R z BTS 611 z. Srby.
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Obr. 9: Predikce pokryti radiovym signalem GSM-R z BTS 612 ZST Nepomuk.
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Obr. 11: Predikce pokryti radiovym signalem GSM-R z BTS 616 z. Kovcin.
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Obr. 14: Predikce pokryti radiovym signédlem GSM-R z BTS 621 ZST Horazdovice
predmésti.
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Obr. 15: Predikce pokryti rédiovym signadlem GSM-R z BTS 622 ZST Strelské Hostice.
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Obr. 16: Predikce pokryti rédiovym signalem GSM-R z BTS 624 ZST Katovice.
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Obr. 17: Predikce pokryti radiovym signalem GSM-R z BTS 625 z. Pracejovice.
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Obr. 18: Predikce pokryti rédiovym signdlem GSM-R z BTS 627 ZST Strakonice.
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Obr. 19: Predikce pokryti rédiovym signalem GSM-R z BTS 629 ZST Cejetice.
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Obr. 20: Predikce pokryti rédiovym signalem GSM-R z BTS 631 ZST Razice.

Sudom@? u Pisicu
A
Cehrice
! I Drahonice
Bakantni ‘
Pohorovice - Malé Radovani

) Chvaletice o

Radejovice
Netonice Hayel

=

Raddice
Pod holeffi
Zalui

U siinice Na Drahéc
#4a Dilech LTI

Obr. 21: Predikce pokryti radiovym signalem GSM-R z BTS 633 z. Skaly.
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Obr. 23: Predikce pokryti radiovym signélem GSM-R z BTS 639 ZST Cigenice.
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Obr. 24: Predikce pokryti rédiovym signdlem GSM-R z BTS 640 ZST z. Zablaticko.
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Obr. 25: Predikce pokryti radiovym signalem GSM-R z BTS 641 ZST Divéice.
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Obr. 26: Predikce pokryti rédiovym signalem GSM-R z BTS 643 ZST Zliv.
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Obr. 27: Predikce pokryti radiovym signalem GSM-R z BTS 645 ZST Hluboké nad Vitavou.
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Obr. 29: Predikce pokryti radiovym signalem GSM-R v tuseku Nezvéstice — Srby.
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Obr. 31: Predikce pokryti radiovym signalem GSM-R v tuseku Kovéin -- Strelské HoStice.
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Obr. 32: Predikce pokryti rédiovym signdlem GSM-R v tseku Strelské Hostice — Cejetice.
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Obr. 33: Predikce pokryti rédiovym signdlem GSM-R v useku Cejetice -- Protivin.
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Obr. 35: Predikce pokryti radiovym signalem GSM-R v useku Divéice -- Hluboka nad
Vitavou.
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44

Tab. 8: Seznam BTS s nesymetrickym délenim vykonu.

Vyhodnoceni softwarového navrhu

Konecny vystup softwarového navrhu a celého radiového planovani, kterym se zabyva
tento dokument, je uveden v Tab. 9.
Pro vSechny antény je mechanicky naklon (downtilt) 0°, proto neni tento parametr v tabulce
explicitné uvadén pro kazdou lokalitu zvIast.
Zemépisna délka a Sifka je uvadéna v soufadnicovém systému WGS84.
V Tab. 8 jsou uvedeny lokality, kde bude vyuZito nesymetrického déli¢e vykonu (tapper).
V ostatnich lokalitach je pouzit symetricky déli€ vykonu (splitter).

= =

? | NazevBTS 2| € 2| € TYP

o © | 2m| ©| 2m

No) S | DB o | D8
611 | z. Srby 1 -1 2 | -7 Kathrein 86010150
618 | ZST Pacdejov 1 -7 2 -1 Kathrein 86010150
620 | z. Velky Bor 1 -1 2 -7 Kathrein 86010150
629 | ZST Cejetice 1 -0,5 2 -10,5 | Kathrein 86010151
631 | ZST Razice 3 -0,5 4 -10,5 | Kathrein 86010151

BTS 601 ZST Plzen-Koterov bude provozovana v konfiguraci O3. BTS 621 ZST
Horazdovice pfedmésti, BTS 627 ZST Strakonige, BTS 631 ZST Razice a BTS 633 zast. Skaly
budou feSeny jako dvousektorové. U BTS 151 ZST Plzen hl. n. bude doplnén druhy sektor.
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Tab. 9: Kone&né umisténi zakladnovych stanic systému GSM-R v tseku Plzeri — Ceské Budéjovice.

& zemeépisné soufadnice typy antén azimuty antén
TS | NézevBTS zem. délka zem. Sitka nadm. | vySka |y |yl g ]y | g 2, 3 4,
vySka | stozaru
151 | ZST Plzef, hl. n. 13°23'33.900"E | 49°44'45.444"N | 352 | 40 E 135
601 | ZST Plzef-Koterov | 13°25'13.454"E | 49°43'27.188"N | 328 | 30 E|E 332 | 170
602 | ZST Stary Plzenec | 13°28'33.013"E | 49°41'44.708'N | 358 | 25 E|E 290 | 145
604 | ZST Nezvéstice 13°31'00.107"E | 49°38'31.037"N | 377 | 30 E|E 348 | 179
607 | ZST Blovice 13°31'51.851"E | 49°34'52.326"N | 398 | 30 E|E 346 | 150
609 | ZST Zdirec u Plzné | 13°34'24.923"E | 49°33'03.169"N | 423 | 30 E|E 308 | 147
611 | z. Srby 13°35'30.326"E | 49°31'27.235'N | 428 | 35 E|E 344 | 150
612 | ZST Nepomuk 13°36'30.841"E | 49°29'49.952"N | 434 | 25 E|E 342 | 180
613 | z Miled 13°36'30.763"E | 49°27'43.350"N | 455 | 25 E 181
616 | z. Kov&in 13°36'42.992"E | 49°24'50.696"N | 505 | 25 E|E 349 | 160
618 | ZST Pagejov 13°37'15.295"E | 49°23'28.627"N | 530 | 40 E|E 345 | 132
620 | z. Velky Bor 13°42'04.122"E | 49°20'44.696"N | 455 | 40 E|E 314 | 133
621 Sf’ezﬂg:fd ovice 13°44'30.156"E | 49°19'49.179"N | 435 | 30 E|E|F 291 | 130 | 268
622 ﬁigﬁige's“e 13°46'40.495"E | 49°18'19.600'N | 420 | 30 E|E 320 | 136
624 | ZST Katovice 13°49'25.426"E | 49°16'09.393"N | 410 | 30 E|E 310 | 112
625 | z. Pracejovice 13°50'54.821"E | 49°15'29.733"N | 409 | 25 E|E 306 | 92
627 | ZST Strakonice 13°54'52.909"E | 49°15'16.494"N | 395 | 40 E|E[B|B]| 280 |78 240 | 60
629 | ZST Cejetice 14°01'03.730"E | 49°15'05.369"N | 382 | 40 E|E 278 | 97
631 | ZST Razice 14°06'26.792"E | 49°14'41.987"N | 373 | 30 E|E|E|E| 280 | 114 |39 73
633 | z. Skaly 14°09'52.424"E | 49°13'25.189"N | 377 | 30 E|E|E|E| 304 |108 |340 | 100
636 | z. Protivin 14°13'20.455"E | 49°11'46.763"N | 386 | 30 E|E 340 | 180
639 | ZST Cigenice 14°13'23.357"E | 49°09'03.480"N | 390 | 35 E|E 352 | 152
640 | z. Zablatidko 14°15'52.531"E | 49°07'29.702"N | 397 | 25 E|E 302 | 107
641 | ZST Divéice 14°17'48.591"E | 49°06'37.874"N | 397 | 35 E|E 316 | 140
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& zemeépisné souradnice typy antén azimuty antén
) . BT ,v
BTS | N8ZevVEBTS zem. délka zem. &itka nadm. | vyska | 4 1, | g 1, 2 4.
vysSka | stozaru
643 ZST Zliv 14°21'44.215"E | 49°03'55.711"N | 384 30 E | E 316 121
645 | £ST Hiuboka 14°25'14.590"E | 49°01'56.44'N | 380 | 30 E|E 308 | 132
nad Vltavou
Legenda antén: A — Kathrein 800 10642; B — Kathrein 800 10303V02; E — Kathrein 800 10643; F — Kathrein 800 10305V02
Legenda barev: - antény zapojeny do druhého sektoru
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4. Zaver

Pfedmétem tohoto dokumentu je radiové planovani systému GSM-R v Useku zeleznicni
trati Plzefi — Ceské Budé&jovice (mimo). V8echny lokality, konfigurace anténniho systému a
vySky stozaru jsou pifehledné uvedeny v Tab. 9.

Radiové planovani bylo provedeno na zakladé softwarové predikce Sifeni
elektromagnetického vinéni. Vysky stozard, typy pouzitych antén a jejich azimuty byly
upraveny tak, aby bylo dosaZeno pokryti ZelezniCni trati vyhovuijici kritériim EIRENE za co

v

V této fazi navrhu nebylo feSeno frekvenéni planovani, To bude pfedmétem detailniho
planovani v ramci realizace systému GSM-R.

5. Prilohy

V pfiloze jsou uvedeny katalogové listy zafizeni, jejichz parametry jsou brany v potaz pfi
navrhu jednotlivych zakladnovych stanic BTS.

Pozn.: Pouziti nize uvedenych typl antén, koaxialnich svodd, splitterti a tappera neni
pro realizaci sité zavazné, Ize zvolit jiné typy stejnych nebo srovnatelnych parametru.
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2-Port Antenna KATHREIN
Frequency Range[790-9%0 |
Dual Polarization [ X ]

HPBW

[ & ]
Adjust. Electr. DT %))

set by hand or by optional RCU (Remote Control Unit) RFID

2-Port Antenna 790-960 65° 15dBi 0°-14°T

Type No. 80010303vo2

R

[(790-080 ]

Frequency range MHz 790 - 862 824 - 894 880 - 960
Polarization N +45, 45 +45, 45 +45, 45
Average gain (dBi) dBi 145...14.4 . 143 14.7...145 ... 144 15..14.8 ... 14.7
Tilt . 0..7..14 0.7..14 0..7..14
Horizontal Pattern:
Half-power beam width = 67 66 65
Front-to-back ratio, copolar | dB > 24 >25 >25
Cross polar ratio dB8
Maindirection 0* Typically: 25 Typically: 25 Typically: 25
Sector +60° >10 >10 >10
Vertical Pattern:
Half-power beam width = 15.7 | 15.5 | 15
Electncal tilt - 0-14, continuously adjustable
Sidelobe suppression for T 0..7..14 0..7..14 0..7..14
first sideloba above horizon | dB 15..14...15 18..15...15 18..15..15
Impedance | o 500
VSWR <15
Isolation, between ports dB > 30
Intermodulation IM3 dBc < -150 (2 x 43 dBm carmier)
Max. effective power per port w 300 (at 50 °C ambient temperature)
Max. effective powar for the antemna 600 (at 50 °C ambient temperature)

790 - 862 MHz: +45°/-45° Polarization

Mechanical specifications
Input 2 x 7-16 female
Connector position Bottom
Adjustment 1x, Position bottom
mechanism continuously adjustable
Wind load N|bf| Fronta: 440| 99
gt Rated Wind Lateral: 210| 47
: 150 km/h) Rearside: 610] 137
. i - Max. wind velocity km/h 200
0°-14° electrical downtilt moh 124
880 - 960 MHz: +45°/-45° Polarization Height/width/depth | mm 1294 /256 /
linches 50.9/10.1/3.9
Category of mounting hardware| M (Medium)
Weight kg 8.5/ 10.7 (clamps incl.)
Ib 18.7 / 23.6 (clamps incl.)
Packing size mm 1596 x 272 x 127
linches 62.8 x10.7 x 5.0
Scope of supply Panel and 2 units of clamps
for 42-115mm |
1.7-4.5 inches diameter

www_kathrein.com

[B0070300vz Paga 1072 ]
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Logarithmic Periodic 690-2690 KATHREIN
Vertical Polarization v 1]
Half-power Beam Width 67°
VPol LogPer 690-2690 67° 11dBi
Type No. 742192vo02
Frequency range |MHz 600 - 880 880-960 | 960-1695 | 1605 - 2200 | 2200-2490 | 2490 - 2690
VSWR <16 <15 <15 <15 <15 <15
Gain dBi 10.1 10.6 11.0 11.0 11.0 11.0
Impedance 0 50 50 50 50 50 50
Polarization Vertical Vertical Vertical Vertical Vertical Vertical
Front-to-back ratio db >25 >25 >25 >25 »22 >25
Half-power beam width >
horizontal 60 64 57 53 47 45
vertical 54 53 50 48 46 44
Intermodulation IM3 <-150 <-150 < -150 <-150 <-150 <-150
(2 x 42 dBm carmier)
Max. power w 300 300 250 200 170 150
Total power w 500 (at 50 *C ambient temperature)
690 - 1695 MHz
Mechanical specifications
Input 1 x 7-16 female
Connector position Bottom
Wind load N | Ibf Frontal 20| 4
g; Rated Wind Lateral 210 |47
: 150 km/h) Rearside 30| 7
Max. wind veloci km/h 24
ucr!v mph 150
Height / wadth / depth | mm 300/ 155/ 785
inches 11.8/6.1/309
Weight kg 55
b 12.1
Packing sze mm 360 x 175 x 1000
inches 142 x6.9x39.4
Horizontal Pattern Vertical Pattern
i hah oM [742192vez Page10i2 |

KATHREIN-Werke KG - Anton-Kathrein-StraBe 1-3 - PO. Box 10 04 44 - 83004 ROSENHEIM - GERMANY - Phone +49 8031 184-0 - Fax +49 8031 184-820
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Panel KATHREIN
Dual Polarization x| Antennen - Electronic

Half-power Beam Width
Fixed Electrical Downtilt Lo |

XPol Panel 790-960 30° 21dBi 0°T

Type No. 80010643

Fraquency range 790 — 862 MHz 824 — 894 MHz 880 — 960 MHz
Polarization +45°, 45° +45°, —45° +45°, —45°
Gainat 0°T 2 x202 dBi 2x20.4dBi 2x 20.8dBi
Horizontal Pattern:

Hall-power beam width 33 32° 0°
Fronl-o-back ratio, copolar >30dB > 30 dB >30dB
Cross polar rao

Maindirection 0° Typically: 30 dB Typically: 26 dB Typically: 23 dB
Tracking, Avg. 20dB

Squint 22.0°

Vertical Pattern:

Half-power beam width 8..4° 8. 7.4°
Sidelobe suppression for first

sidelobe above main beam >15dB >15dB > 15dB
Impedance 500

VSWR <15

Isolation, between ports > 30 dB

Intermodulaton M3 <-150 dBc (2 x 43 dBm carrier)

Max. power per input 500 W (at 50 °C ambient temperature)

880 — 960 MHz: +45°/~45° Polarization

51

790-960 790-960
-45° +45°

] ]
7-16 7-16

Mechanical specifications
R ] nput 2x 7-16 female
Conneclor positon Rearside
Horizontal Patiemn Vertical Patten Wind load Frontal: 1760 N (at 150 km/h)

Lateral: 330 N (at 150 km/h)
Rearside: 2040 N (at 150 kmvh)

790 — 862 MHz: +45°/-45° Polarization

Max. wind velocity 200 km/h
Heightwidth/depth 2254 /576/ 99 mm

Cat

mor?:g :ardnrn Agean

Weight 20.5 kg /22.5 kg (clamps incl.)
Packing size 2536 x 502 x 147 mm
Scope of supply Panel and 2 units of clamps

for 42 - 115 mm diameter

KATHREIN-Werke KG - Anon-Kathrein-StraBe 1 - 3 - P.O. Box 10 04 44 - 83004 Rosenheim - Germany * Phone +49 8031 184-0 - Fax +49 8031 184-973
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Panel

Frequency Range
Dual Polarization [ X ]

HPBW

KATHREIN

65 |

Adjust. Electr. DT

set by hand or by optional RCU (Remote Control Unit)

XPol Panel 790-960 65° 17.5dBi 0°-8°T

Type No. 80010305vo2
R
[(790-060 ]

Frequency range 790 - 862 MHz 824 - 894 MHz 880 - 960 MHz
Polarization +45°, 45° +45°, 45° +45°, 45°
Average gain (dBi) 16.8...17.0...16.7 16.9...17.1..16.9 17.2...174..17.0
Tilt [ R o _4_.8" 0. 4.8
Horizontal Pattern:
Half-power beam width 69° 67° 65°
Front-to-back ratio, copolar >25dB >25dB >25dB
tmm g Typically: 25 dB Typically: 25 dB Typically: 25 dB
Sacu-x'mm :ag° Typically: f ?o dB Typically: ;2150 dB Typically: '>215 0dB
Tracking, Avg. 0.5 d8
Squint +2.5°
Vertical Pattern:
Half-power beam width 9.1° | 8.8° | 8.5°
Electnical tilt 0°-8°, continuously adjustable

02 AT | Ol 8T

Sidelobe supprassion fotfrstl g’ B PR P |
18 ..

sidelobe above main beam "18..18..16dB|18..18..18..16dB[20..18..17 ... 15dB
Impedance 500

VSWR <15

Isolation, between ports >30dB

Intermodulation IM3

< -150 dBc (2 x 43 dBm carrier)

Vit el bows b bosrers

400 W (at 50 °C ambient temperature]
800 W {(at 50 °C ambient temperature

790 - 862 MHz: +45°/-45° Polarization

www kathrein.de

D

RFID

I

Mechanical specifications
Input 2 x 7-16 female
Connector position Rearside
Adjustment 1x, Position bottom
mechanism continuously adjustable
Wind load [ibf) Frontal: 800 [180]
at Rated Wind Lateral: 390 [381
: 150 km/h) Rearside: 1090 [245
Max. wind velocity 200
mph [124]
Height/width/depth (mm) 2254 /259/99
[i [88.7 /10.2/3.9]
Category of mounting hardware| M (Medium)
Woight (kg 11.5/13.5 (clamps incl)
[b]| [25.4/29.8(clamps incl.)]
Packing sze (mm) 2536 X 272 x 147 mm
[inches] [99.8 x 10.7 x 3.9]
Scope of supply Panel and 2 units of clamps
for 42-115 mm
[1.7-4.5 inches] diameter

[80010305we2_Pageio0i2]
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Multi-band Low-loss Power Splitters

KATHREIN

Antennen - Electronic

For indoor and outdoor use.

2-way Splitter 694-3800
3-way Splitter 694-3800
4-way Splitter 694-3800

Type No. 860 10100/860 10101(860 10102(860 10103|860 10104|860 10105
Connector (female) N 7-16 N 7-16 N 7-16
Max. power 200W 700 W 200 W 700 W 200 W 700 W
(at 50 *C ambient temparatura) |
For connecting ... antennas 2 3 4
Frequency range 604 - 3800 MHz
VSWR 604 - BO4MHz: <13
790 — 3800 MHz: < 1.15
Intermodulation IM3 <=150 dBec (2 x 43 dBm carrier)
Impadance 50Q
Inzertion loss <0.05d8
Weight 7%0g | 8mg | 780g | o00g | 775¢ | 960g
Packing size 300 x 75 x 75 mm
Material: Brass. Surface treatment: CuSnZn3
Mounting: Bracket for wall mounting included in the
acope of supply.
For pipe mast mounting use clamps listed
below (order separately).
DC capability: DC tranamiasion between all terminations
(suitable for remote power supply systems).
Environmental conditions; ETS 300019-1-4class 4.1 E
— Low temperature: =55 *C
— High temperature (dry): +60 *C
IP 65
860 10105
4 SW 24
b Y e, i e - ..ﬂ
— &
™
©
645 260
860 10104
36 Sw 24
-4 i S 00 0 A S .‘M
- I B 860 10104
63 263.5
Clamps (order separately)
Type No. Description Remarkse
736 801 1 clamp Mast: 34 — 60 mm diameter
736 802 1 clamp Mast: 60— 80 mm diameter
736803 1 clamp Mast: 80— 100 mm diameter
736 804 1 clamp Mast: 100 — 120 mm diameter
736 805 1 clamp Mast: 120 — 140 mm diameter 736 805

Imternst: www kathren de

[886010100,.. Page10fi]
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Multi-band Low-loss Power Tappers

KATHREIN

Antennen - Electronic

For indoor and outdoor use.

2-way Tapper 694-2700 7.0 /1.0dB
2-way Tapper 694-2700 10.5/0.5dB
2-way Tapper 694-2700 15.3/0.3dB

Type No. 86010150 | 86010151 | 86010152
Frequency range 694 ~- 2700 MHz

Tap Loss

Input «= Py -10 dB -0.5dB -0.3dB
Input == P, -~7.0 dB -10.5dB -15.3dB

For connecting ... antennas 2

Insertion loss < 0.05dB

Impedance 500

VSWR 694 = 2700 MHz: < 1.5

Intermodulaton M3

< ~150dBc ( 2 x 43 dBm carrier)

Max. power per input

500 W (at 50 °C ambient temperature)

Connector 7-16 female
Weight Apprax. 1.3 kg
Packing size 310x 93 x 112mm
Max. size 244 /90/ 55 mm
Material: Housing: Aluminum.
Inner conduclor: Brass.
DC capability: DC transmission only between input and port P1.
P is coupled capacitively.
Mounting: Bracked lor wall mounting included in the scope
of supply.
For pipe mast mounting use clamps kisted below Input
(order separately). pu
" . 86010150
Environmental conditions:  IP 65
Clamps (order separately)
Type No. Description Remarks
734360 1 ension band Mast 34 - 60 mm diameler
734361 1 ension band Mast 60- 80 mm diameter
734362 1 tension band Mast: 80 - 100 mm diameter
734363 1 fension band Mast: 100 - 120 mm diameter
734364 1 tension band Mast: 120 - 140 mm diameter
734365 1 ®ension band Mast: 45 - 125 mm diameter
www kathrein de [#s010150, .. Page 10f1]
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Product Data Sheet RLF114-50JFLA

| 1-1/4" RADIAFLEX® RLF Cable, A-series

NE

Product Description

RADIAFLEX® functions as a distributed antenna to provide communications in tunnels, mines and large
building complexes and is the solution for any application in confined areas.

Slots in the copper outer conductor allow a controlled portion of the internal RF energy to be radiated into
the surrounding environment. Conversely, a signal transmitted near the cable will couple into the slots and be
camied along the cable length.

RADIAFLEX® is used for both one-way and two-way communication systems and because of its broadband
capability, a single radiating cable can handle multiple communication systems simultaneously.

This RADIAFLEX® radiating cable utilize a low-loss cellular pdyemylene foam dielectric and a smooth

s qe d bending ot

« Broadband from 30 MHz to 1000 MHz
* Heavy duty multiuse, for tunnel applications of all kind
* Easy system planning

* Insensitive to environmental influences<p

echnical Specifications

[in] 1-U4

Mu P g frequency. [MHz] 1000 |8

Cable Type: ALF. RLF | 900

- s T

Jacket Descripbon Halogen free, non cormosive, flame and fire retardant, low smoke, polyolefin +
flame bammier tape above outer conductor for lowest cable loss Test methods for
fire behaviour of cable : ECOO?&-UZymhemnsmhdogmm
cormosive IEC 61034 low smoke IEC £0332-1 flame retardant IEC 60332-3-24 fire
retardant UL 1688, ASTM E 682, NEST711 and NEST13

Sict Design Groups of slots at large intervals

Impedance ] 50 +-2

Relative propagation velocty (] 29

Capacitance [pF/m (pFM)) 75(2.9)

Inductance [pHim (pHAR)] 0.1875 (0.057)

DC-resistance inner concucior [Qviern (Q/1000%)] 0.54 (0.29)

DC-resistance outer conductor [Q%m (Q/1000%)] 1.85 (0.50)

Outer Conductor Matenal Owverlapping Copper Foll

Inner Cond M ] Copper Tube

Diameter over Jacket fmm (i) 38.1(1.50)

D Outer Cond [mm (in)] 30 (1.34)

D Inner Conduct mm (in)] 13.1 (0.52)

Minimum Bending Rads. Sngle Bend __[mm (in)] 500 (20.0)

Cable Weight [kg'm (4] 0.67 (0.58)

Max_tensile foroe [N {ib)] 2000 (440)

Indication of Slot Alignment Guides opp to slots

Storage temperature *C ('F) -70 to +85 (-84 0 +185)

Installaton temp ["C (*F -25 to +60 (-13 10 + 140)

Operabon temperature ['C(F =40 to +85 (40 to +185)

Stop bands [MHz) None

Recommended / maximum clamp spacing _[m ()] 1.3(4.25)

Minimum Drstance to Wall mm (in)] 50 (1.97)

Length [m (f)]

= Coupling loss as well as | itudinal att tion of RADIAFLEX® cables are measured by the free
space mtl'bod according to IEC 61196-4.
* Coupling loss val are ed with a radial orientated dipole

* The coi.ﬂing loss values given in brackets are average values of all three spatial orientations
(radial, parallel and orthogonal) of dipole antenna.

* Coupling loss values are given with a tolerance of £5 dB and longitudinal loss values with a
tolerance of +5%.

* As with any radiating cable, the performance in building or tunnel environments may deviate from
figures based on free space method.

* Due to the cable desi n| sini ﬁ should not be less than 80m |282ﬂ|

2013/10115
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Plsass visH us on the in Radio Frequency Systems

IXPROJEKTA s.r.o. Strana 34 leden 2017



GSM-R Pizeri — Ceské Budéjovice

PRODUCT DATASHEET RADIO FREQUENCY SYSTEMS
LCF78-50JA-A2 The Clear Choice

JE

7/8" CELLFLEX® Premium Attenuation Low-Loss Foam-Dielectric

Coaxial Cable

CELLFLEX®7/8" premium attenuation low loss flexible cable

FEATURES | BENEFITS

Outstanding Intermodulation Performance
CELLFLEX® coaxial cable’s solid nner and outer conductors virtually eliminate intermods.
Intermodulation performance is also confrmed with state-of-the-ant equipment at the RFS factory.
High Power Rating
Due to their low attenuation, outstanding heat transfer properties and temperature stabilized deelectnic
matenials, CELLFLEX® cable provides safe long term operating life at high transmit power levels.
(©) Wide Range of Application

Typical areas of appication are: feedines for broadcast and terrestrial microwave antennas, wreless
cellular, PCS and ESMR base stations, cabling of antenna arays, and radio equipment nterconnects.

@ Ultra Low Attenuation
The further reduced attenuation of CELLFLEX® premium attenuation coaxial cable results in extremly
efficient signal transfer n your RF system, especally at high frequencies.
c tete Shi
@ Mﬁdmmmdmaamdmmamwwlmmm
minimizes system
(©) Low VSWR _ 718" CELLFLEX® Low-Loss Foam
Specal low VSWR versions of CELLFLEX® coanaal cables contribute to low system nose. Dielectric Coaxial Cable

Technical Features

APPLICATIONS

Applications. Man feed line

STRUCTURE

Cable Type Foam-Dielectric, Corrugated
Size 78

Jacket Option Black

Inner Conductor mm (in) 2.32 (0.37) Copper Tube
Dielectric mm (in) 22 4 (0.88) Foam Polyethylene
Outer Conductor mm (n) 252 (0.99) Corrugated Copper
Jacket mm (in) 27 8 (1.00) Polyethylene. PE
ELECTRICAL SPECIFICATIONS

Impedance Q 50 4/-1

Maximum Frequency GHz 5

Velocity % @0

Capacitance pFim (pFit) 74 (225)

Inductance pHm (pHR) 0.185 (0.058)

Peak Power Rating kW 85

RF Peak Voltage Voits 2020

Jacket Spark Volt RMS £000

Inner Conductor dc Resistance /1000 m (/1000 ft) | 1.54 (0.47)

Outer Conductor de Resistance 0/1000 m (/1000 ft) | 1.55 (0.47)

Return Loss (VSWR) Performance Premium for 790 - 930 MHz
Maximum Return Loss dB (VSWR) 24 (1.135)

Phase Stabilized Phase stabilized and phase matched cables and assemblies are avalable upon request.
Temperature & Power Stancard

MECHANICAL SPECIFICATIONS

Cable Weight kg/m () 041(0.28)

Minimum Bending Radius. Single Bend mm (in) 120 (5)

Minimum Bending Radius, Repeated Bends mm (in) 250 (10)

Bending Moment Nm (Ib"#) 13(9.8)

Tensile Strength N (Ib) 1440 (324)

Recommended / Maximum Clamp Spacing m(f) 08/1(275/325)
LCF78-50JA-A2 REV:E REV DATE: 13.Aug.2013 www.rfsworld.com
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FRODUCT DATANEY. RADIO FREQUENCY SYSTEMS
LCFS114-50JA-A0 The Clear Choice

1-1/4" CELLFLEX® Premium Attenuation Low-Loss Foam-Dielectric

Coaxial Cable

CELLFLEX®1-1/4" premium attenuation low loss flexible cable

FEATURES /| BENEFITS

@ Ultra Low Attenuation E
The further reduced attenuation of CELLFLEX® premium aftenuation coaxal cable results in extremly
efficient signal transfer in your RF system, especially at high frequencies.
- Shi
@ mmmmwacmasmmmuammmmmm
minimizes system
(O] Low VSWR _ 1-4/4~ CELLFLEX® Low-Loss Foam
Specal low VSWR versions of CELLFLEX® comaal cables contribute to low system nose. Dielectric Coaxial Cable
(O] Outstanding Intermodulation Performance
CELLFLEX® coaxial cableCs solid mner and outer conductors virtually eliminate ntermods.
Intermodulation performance is aiso confirmed with state-of-the-art equipment at the RFS factory
@ &a?bmhnmmmwmmmh » re stabilized dielectric
materials, ceuﬁex@mmmmmmmmn@mmm
(O] Wide Range of Application
Typical areas of appiication are: feediines for broadcast and terestrial m antennas, wirel
celluiar, PCS and ESMR base stations, cabiing of antenna arays, and radio equipment interconnects.
Technical Features
APPLICATIONS
Applications Man feed line
STRUCTURE
Cable Type Foam-Dielectne, Corrugated
Size 1-14°
Jacket Option Black
Inner Conductor mm (in) 13.1 (0.52) Copper Tube
Dielectric mm (in) 327 (1.29) Foam Paolyethylene
Outer Conductor mm (in) 359 (1.41) Corrugated Copper
Jacket mm (in) 30 (1.54) Poiyethylene, PE
ELECTRICAL SPECIFICATIONS
Impedance o] 50 +-1
Maximum Frequency GHz e
Velocity % g9
Capacitance pFim (pFit) 75(229)
Inductance pHm (pH) 0.188 (0.057)
Peak Power Rating kw 178
RF Peak Voltage Voits 4200
Jacket Spark Volt RMS 10000
Inner Conductor dc Resistance 01000 m (271000 ft) 0.83 (0.25)
Outer Conductor dc Resistance 1000 m (/1000 ) 0.72 (0.22)
Return Loss (VSWR) Performance Standard
Maximum Return Loss dB (VSWR) 24 (1.135)
Phase Stabilized Phase stabilized and phase matched cables and assemblies are avalable upon request.
Temperature & Power Standard
MECHANICAL SPECIFICATIONS
Cable Weight kg/'m (Ibt) 0.85 (0.58)
Minimum Bending Radius, Single Bend mm (in) 200 (8)
Minimum Bending Radius, Repeated Bends mm (in) 330 (15)
Bending Moment Nm (Ib*#®) 4332
Tensile Strength N (Ib) 2400 (560)
Recommended / Maximum Clamp Spacing m(ft) 1/12(325/4)
LCFS114-50JA-A0 REV: D REV DATE: 11.Dec.2013 www.rfsworld.com
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