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A. DoT "

1.1 GIHEAR faHET (DoT) & 379=Y I $haTeh L-14001/01/2019-NTG f&siieh 27 e 2019
(TTSTET- 1) o HTETH H, Tl HATT oh 3ecl-BT5-EUIS LTE TAT el & FETd oh TR H
SRR & | &T-I133 3R ¢o-¢oT TAR & AT 3e7eh YT seas & a1y 3menRa G a1ferarT|
Yol HATCI 1 DoT W S 3837 & Tl 700 MHz &5 & 15 MHz T 3TRTET et T eX0er
foram & 3R 58 ATA &Y 10 MHz 3T HTd & JTTafeT fohal ST & Frifeh Ig SEciTa fohal oft
SATAATTRAS o1sT @ IR 8, fehet sharer TR 3R A Flaensit a0l dera & fow | 27 el
2019 T feT ITT 97 o 3THR, DoT = TRAI A AT Teld (IR) AR FaleH, Hod, 3ugeFd
3mgfee 85 (450-470 AAMELS o3 Higd) R ot off 37 Faftrd 7, & fav TdargA &
RIS 3TTdeeT 9T FABIRE detet et &1 313rer fohar| TRAI 3ifRfaTe, 1997 % @ 11 (1)
(a) ST 2rcll & 3THR, TRAI HeereT 3TfRIferara, 2000 GarT G fhaT araT B |

B. gsa9fA

1.2 IR Xl HATST SaRT FATTod HR 1 TS TeTd YTl &1 IR F Acdeh &l 3HTHR 66000
et & 317F &, ST 8000 T 311 TeUT it SEdT &, Tor T WX 21 faferass I 3R Arerenfzar
gfafes 8 [Sforaa At 31t 1 foass e AT f TUTaRa s & O Torar 81

1.3 17T 2.2 S AT WA TET Yeran St b1 3Uer ahdct B, 3oTehT FL&T 3N FI&T IS
fore wafaf fefar aik sraffendr 1 8 srermar, 3m$3m i @iffa AfRaa giaard o sk
T Teieh SUCTSEIT & HIY JTTA 2l o [T REaT & 3Teeh oAt IR Sgral &h &A1
& TOIT Fgdt JT9T, o ST 3R T T &THAT 1 39S Fah ot bl a7ty 31 31fa hr Jer=r i
TG & | HISET ISR Al |




1.4 T #, 900 AIMGEST TUFEH 35 H 1.6 AIMNEES (FTHT) TITFCH I SeoTeh SHTHTH-3TR
3menRd seas & forw Hitea 39T & fav wrafas 3R o 3SR i dfar =T g |

1.5 ¢oT 3R ¢ohaTss o e IS -hagireheral & foIT, aciAte 7 TR Yo 2 S HEhoT
ATS T TR TOTel 3 SHTHTH-3TR ST 3YANIT T 6T ¢ | T TiHTeT 7 FRART Yeld T} 2500
FC HUH YT AT [T IAT ¢ | SThT sicaeh TR, RSTT &1 5W 3T 25W VHF HE T 3UT9T e
BTl fohdT ST § | 38 YehR, AciATel TRTHEET AT SITHTA-3R 3R ATavsh de 7T &9
q argd 3TaRd § 3R 59 e € FIS 3T g5 foi9T 87T gt § St fob WA ol &
TIRTEAT 31erC SR Toh St & THIRTEAT 3161¢, AoiaT Teleh & S—IRes AT IR
SdAITECHd |

1.6 "IR & icdch o ATY 3TegT-gT5-TUIS TR ISR ol Tdeh" I Ugdld Adex 2017 7
HATAAT 1T o ARG H Ao Ridet RRIax 7 3m$31R & IRdde & [olv Tk e &
& H T IS AT | TRATARRY TgeT hT Ueh HTeAT T & | YT TRTeleT, AT G&Tr 3R grat
SYAET, ATATAT, ST FERERY 3R gaTdll & delet, AT HJSe Fel 3R Tefd o e
ALY H GUR el T &THAT H 3T I cleh Feolld ol oh [TT 3R eaR ficteT foham
IAT| S8 A H Teh HEcd Y01 TG el T YEd ¢ | HISTSe IR JOT & TR 9 Teh JTelfareh
Yord astieter 3T ¢ fHAIT0T JoTrell (ZUHT ST TAA=0T JOTTel! (ETCS) e -2) T Y|

C.RSTTHaR H

1.7 ¢ AR hATSS (IIRTHEA) & o Yofd WA fieheret faees Yor afi=mers & fow
Sgc YeTd AT TAIOT, AT FI&TT 3N SgeR GR&T YT id & | Ig ¢ef foiar=or, aras
BRI, FHATE, ITRATA STTHRT & ATT-ATY AHT-a15 I3AT 3ueior 3R Tharss & Aty
et 3T sprecaaR o S 3T FI [AIRIT FIAT§ | RSTT T THYT et dTel I3T-
IR wAcdeh &l Hellelel & folv HgeaquT § 3R [aeadeigdT, Sefstrdr, gt 3R geem & fav

FOR HTTTHdIT & |




A. RSTT hT ATHTT el

1.8 RSTT & HET dedl’ 3 3iTe1-a1S IS 3uehor, I3 e Fhee 3N 31w Sharss A
SIhTECeRe QMTTHe § | 31 JOTToraT, Si¥ foh S sicadh, BIse ofd 3Tfe, IIRTHEE & fow
HETIS JoTIforAT & |

o ST vFAH gfeie: T 3R 9 T Aigd, STl (TAAT &9 & e 32 &t
X33 g el et b ey |

o 3ToT I3AY 3USOT: ¢ H 3R AT &1 §38¢ W I3 3uaor i frw arw €
3ETEYVT & ToIT, TgaTferd &t [T (T & Aesd @ |

o 3T ¢hATSs ST STPRCFAT: chATSS o AT ITSAT SIhIECTHa T HdTelT |
3CTEX0T o ToIu: QIfEaT I3TT IuaoT|
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! http://www.apt.int/sites/default/files/Upload-files/AWG/APT-AWG-REP-
78_APT_Report_RSTT_System_Description.docx



B. RSTT & dgd [afficad ¥R

1.9 AT TR W, RSTT & HET TCThelel” 2 Y ¢oT I3, ¢oT Dfarerfaiar, 27 RaAte 3 e
Afgerg afed IR FHRT 7 gefierd B o gear |

o A UBAT ¢oT USAN Siselis IR ASel-C-ATTSel el HUR & [T ANSe Selchaae
geTeT HiaT § 3R et arges Qansit (IEI@ra, 3aTdenTen, ¢oT HII=0T (3ol
UTTRISRIOT), ¢l STTeTehRT (Il goT JTIRERT AR aleil o HIaR ST grafAere defel) & &9 7
I T § ATA) | AISH G ToAeheleT & ToIT o7 ISAT TR o T4 cieht o A1 hiet
eI (UISC-E-UIST / U / SANSIET / SIShd / SISHIEC) YTl il § (SH8 TUTeT I &
TR W, HTATcHD T, Siel TTHBATT, G2T-E-Eleh, & H -entry, 3R IJ-3cdoieT) |

o o QSIRATIT T SATARRT: g it hr [Fufa, Senarss o asit Ffaret i fFufa, ot
Ufelar FeTen & AR RHTET (711, gdY) 3R AT 3R 875-Fd1s e # qeRai @
ferdiY 8 STeIT o I A 3T SATeTeh T HeTel Xl & | T STTeTehRT ST, o[CH / ollehl aheler,
TogACH, TSR, TS 13 Sl TSRl fAEeH GaRT 9red i Sifell & | refares feufa
I SITTPRY 37T ATETAT T oY SIgIAT ST FehlT &, 37| ST I3AT|

o o IRTEAT: S [AIRTSAT YUty ATdeifaies 3R Sharss &Xal, 3rgar darar, AT e,
ColewrA! 3R Barsa $r eRTET & Nfar i Fhear 3R ga@Ra e 7 Te737 Ja1dr 8|
fafrse wmE (she, SENAT, AT ) 9T AT 1 Teh AT TeaAT & TUR W HA 4 3T9
Rafegare, & 3 3<2 e & 399 f3ar Sirar § | FAfd I3a §ar gomel &
ATETH T gl i fAIRT = & fIw Ser o a1 aY -9 / T §9 8 Igia a1 T
T ST FehdT & (SIQ IETTd AT AfZA) |

2 https://www.itu.int/dms_pub/itu-r/opb/rep/R-REP-M.2418-2017-PDF-E.pdf



o o7 RATe: T8 Uiarshers 3o7eT o A e & foaw aenrafed 3 anm3s-3manRa Reea
% 1T ST TR UeTeT T ¢ | I8 31, eifear ars #F «ifear 3iTesT & fav 3madk w et &
ReATe dfd Ageic # gara Tarar |

D.ETCS h IR &

1.10 JUTAIA ¢oT shctel fEeH (ETCS) 1 3227 fRaaAfaar 3R &of dheter FaTeH =l ATl
AT 3 ITRTSERT I ATARAT T # STHT &l 6T el ¢ | Ig 3 11T 3R IR
SEHTRIATAE ER1T o 31e7dTeret & v fAfdse #:Xar &1 78 R wAeas & ¢l i ATareieg! &
TorT veh Famstriaes & & GII&TT IRETeleT aTcTa)oT Yelel el g, STaieh 3Tt st of Sl
T &7 T GIIUTSHoTe TATcT & | TE JHTSToleT HTAFRAT, T &oT TATH, &oF T 7Ty, Ffhar
"edr 3R fAEeA 3r@gar & Gafid 3er & aredfde 973 hr fFarTe, e 3R [aeevor s
ATETH AT & | S8 ST & TARATUT oh IR W, IuGercd @G0T 37 SIRY fehw SiTet & arfen
Yol IIATAT S A T, A FH2UST, Afehe] Tl FRI&TT 859 & AL FelTfol &l

1.11 ETCS 9T ShTATcHS TR T&Ted FIAT & - TR 0, TAX STM, TR 1, TR 2, T 3| T HT
TRHTT S8 STl TR R el § o AT hd gatootal g 3R To1a oig & &of ol Faer 9ide &
ST g

o TR0 IR-FGHAST oIS & AT Tolel dlell ETCS & o oAl oh [T |

o Il THEIUH FT AT SCIUTE! T o 3T & forw ik 3ifaRed @eae crafae=
A3 (TEEITH) H ol g it favrad faeaforer fares (e Ford of fred FgrS1arg) &
TTY SN & T ETCS ST 3R TSET TaTferd Sof e (ATP) fTeH & i v
3RBeleh & F9 H HT AT |

o TARX 1H ¢ 3erels HI flaR IRTET enfAe §, Jafeh ¢o7 3R ¢harss & &g Uah ik
{9 (ATHTT TG U JU-STTH & ATCIH ) | 1Sl o6 Hehe 31T ¢ 3N Sehargs
3UUT GART ¢l ST Tl STaTT SATAT 5 |




o T2 H AR TUR & A1 ¢ 3TieTele i fAiaR RIRTeT enfae §, S Shugud-31R
EaRT ¢of 3R ShaTSS Gl & 1T UeTeT I ST & | 36 ATHA H diga1ss st dehfoash
g, R ¢haTSS 3ISOT GaRT ¢ T I ST SATAT & |

o oidd 3 80 v FQIATeleT RATea § S ¢t 3R ¢oharss & fig folia TuR & arey iR ¢t
TAQETOT FeTel el & | Fo 2 oh I HET 3HeR e & fob Sof TATT 3R 3r@sdr &t
SHRETATH FAFCH & g # Y& e fanan SIrdr &, Attt Z-anferst & 3relrar 313
charss fAadter AT ¢ F3earaT fATea 1 AT 81 § | <ol ST ITESAT ST IR ool
SART Y STl B, ATl &oT I Gl eet & forw ge at aweh & o 18 e arerchh &
CEIEEGIEIY

E. DoT ¥ T3 &l hROT

1.12 ¥ HAATAT o ¢oA-AM38 3R ¢oT-¢oT HAR o ToIT 3791 sicach o ATY Ueh 3Tecl-gle-TuIs
TICIS MUTRAT HOR ITIRT T21RIT et T 9Ed1a A § | 3o HAeiT & 57 32T & faw
700 MHz §5 & 15 MHz T9ergH RTET el o fIT DoT & 31eqXrer fham g 3R 10 MHz & ary
Sq Ao A 3Tafed foham ST & Fifeh Tg yedra i sit saraanfaes amer A e &, oifehet
Sherel AT 3R T raLn3ii ol dg1a) o forT |

1.13 SR Yo & f=rforf@d wegferar &

a) WlledT TH SaATCYRILT (LTE) 4th SR (4G) HISTSS hegiorehelel ffFeH § AR gefr o e
shelel AR Yerd Taatfolar 31Toraiait o foIT Teilael £33 o &9 H I IET &, Sl foh g@d qér &
GSM-R ceheiieh Y ATAEATTIT T TQT & 3R SHH ST T HHTTAT § YT FRET, FI&T 3R A
3TT3Te TTTATaN 3 3aTel &2reh 3 Tohdll 81 1S ARl d ceheileh &h ShTdeh elTcl |

b) 3TS3TR Acdh & AT 3Teel-BI5-TUIS Taldls TR AR ITIRT TATIIT AT & o
A133 3R ST &, T GI&TT 3R I GR&T AAT3HT 3R I8Y Tl o fAIv ¢ef-gof TR & faw
AT 3R TS I ST HTARIR AT T G BN | Hffeet T IR R FeereT |



c) X3 vrlH Sicaeh & AT & foIv BTS, V=T 3N HeiftraT 3ushior digd afsha giaamdr
eraT [SFAeR &, o OX, AlTsd [3asy serds q§u 9TCd el & foIT g gid &1 700

AIMEEST TIFCH & T1Y, TiohT TEITT (AT AT § &) RFT 3MaThdT0 8T 8-10

freTaeT 3 3TcRTT X ToTd TAAT & TATH & ATY A 7 giel | sTciieidst, AEg-Ts Ay

3TTESAT TR ATY AT IS &Y ST |

d) 3EE-3R o 5TeT -3 (VRIAT-3fATer) 7 3mSuAdy & forw 3nmgfed ds 698-806 AeMgest A
f3fStee f8Tass TaarcH i ugael i | T 3Mgicd ToT HIdolfeleh GR&TT slcdeh & [elT Fairdy
HAGTS oS58 8 AU TSI Y Thdll § 3R SH ThR R TeTd I ATTISHAT o folv Jad
39gFA g

e) GfeTaT 81T o Yeld 00 A ST HIFAHN TIFCH T ITATAT SHh ATk TH Si¥ foh
AT halal, hH Hhuad, §%mﬁ2‘dﬂ33®’m$cmﬁ o HRUT §¢ 38T & | Teh 3o SISTAT el
TAICIS o Hzoo HIMGC ST TUFCH H &7 & ST el 3T IMTeY, o 1T FeTeT el ¢ | feiereTT,
hH UCIHT HAY, 3R TTU-GIE&TT ST hd (e (e, SiT TeTd Y F&TT R Gt Uitershers & fow
FAeEHATSAT 3R Ay ®9 & fA2T Agcaqol AN Sar FaR et et hr qd AT B

f) 700 R A FSTASY T ITaLTehcT ST ITANIT T STHIAT R ST T IHTATTAT AT N
STt hT ST IR ToVei el § | ISR 37 3T aant / FIAen3it o o # GReved=T e g it
700 AIMGEST H TeAETS e TTehT T ATl IR ST SYANT H gig i sgrar gar:

(i) ForereT ferfearor SR AW IS0 US UTellehalsT, ETCS oidel 2 IT IR UX ¥oid fAaaAfoiar
{Teq & AregT |



(if) I GR&T & forw A3 vannfaiesna & a1y gail & DA Farl & Aregsm § ffsar
[GERGINCIEERIS]

(iii) 31TareT, Aif3AY 3R 37 GafT Tiashers & fv aef 3erAcas §ar|

(iv) 37T sede-TeTH f3arsd (loT 3maTRa tde [[FaE=adr At Ran) |

(v) =it & aTS-WBrS A JeTe |

(vi) ATSTSS TR o ATEIH T ¢l 3R AT HI 3R CellFgT |

g) Yeld dsTagy & forw AlaTgel Etheh I HTaHAT & fT auThAI dsfasy (FgcayoT)
(TeRT o dTer 10 feheit e shr 31erd o R faeR) Taffieet 3rgoraian o |ry Yeranisat & ars-
TS & JTAITeT, ETCS T} 2 oh ST GI&TT HEcd o1 [HaaToiaT JUTTel, Tefell ¢ail 7 FEerdr
FERT & Geier NS BI5 / el ST3eTells el ST AT I 12 AIEES deh g |

h) Terets T IRTAT T3 3R Yerd GRa R GRaw gt &y 3= dsfagy A &
HLToI, TTdls o oIT 15 A ST TUFCH & Ueh TgEH hl HTARAHAT G1elT | TR H, Tfeh Yord
T3 QATHT hT Teh AT HATelel YE AgT R Aol 8, FHIT Acaeh H Hel & 10 AINELST
TAFCH GIeAT TIET FiTeh 10 HEEST A el oy 1 SUGercd oTE1 gIarT|

i) Tfeh 3gfce ST 3TN AT FR&T T FR&T Farsit & forw fevam St geanfad g 3R forer

o eATEaTRIS: 3TN & T AR 61 8, SATAT 700 AIMEEST o5 H THFEH T T Ho
fohaT ST |

1.14 1T ¥e o TIT, TSR o DoT & Fe=A T T ITR1er T &

(i) NI TSE Jrgfea et Arstelr 7 AT Yerd & foiw 700 AT 3Mgfed S5 3 15
AIMESST TUFCH R TATT It o ToIv |

(ii) 700 FIMGEST SHTerarelY 5 3 ST Yeld T 10 AIMGE S FIFEH o AT Y& oA & [T



(iii) 700 AIMEEST ShIFAHT &5 ¥ 10 AIMGEST & TUFCH ! HRAT TeTd ! HeT H rmafed fonar
STI=T & e TR Yord @R fALrT fohfeeher A, FRat 3R I giaemsit & faw
Arasifere fed 3 sThT JTaeTShar g |

1.15 $H HIY H Yol HAT ¢aRT SATRd STHC FHfdele Al HI ST Fet & 916, DoT & 2 sTda
2018 I 39T feoquit UeTel hr | ST H, Yof HAATTT o DoT I [eTTTOIT O 319+t YT fshar
WW%’U 17 STeTadl, 2019 &I 3oTeh T i TE, &L 16T | Taed 3R it R =1 HATerd
& 3TITAT, 5 3T FHATSTAT o1 700 HIMEEST 83 # 10 AIMGCoT TIFCH T TeTd hl FTIT T
A T & 3R 71 ofY 31eqXrer fonam § o 3a7eh 31eqXer WX qeiera foham SiTv | TRy Yord
oh 3R T TSToTCel Shegfelehid AR (DCC) H AT 717 3R Fg 0T foram a1 foh 5@
HTH &I TRAI T ST ST T & |

F.3%h e

1.16 ST o Yol HATCI oh 3T Y STy T 3T 2 AR 2018 1 I & FIY 3= feequfy
JaTel I | S8 &G, Yol HAATST o 17 STAa, 2019 & T ol SIHIET gaRT 33TT 97T feeqiory /
HET R 39T FTAshar &Y DoT ehr 3eh-aR feeHiuTT, YT HATerd shi Tictfshadm 3R DoT & faeri
Y TETT H JEIT fhaT AT g |

a. 700 HIMGC ST AR TAAEIS FHI AATcll o [oIT 3T 3FHIGAR s

1.17 DoT o &@T & f& 700 AMEEST I3 U faea T oX AA=eaqol d3 ¢ 5 fafdiest qeif gamr
GIEUR AT H IMT (ITeRTSET AINTS o GIEUR) AT & FIT Tl fehar aramr g | 9 &,
$H d3 ! HATTAA HTSTHET A3 o Torw @ 37T § S o TR AT JTd13it gaRT deird
oY ST Fehell 8| T 3MTqfcdt 35 703-748 AIMEEST / 758-803 AIMELS A thell €5 &, forast er 45
AIMGEST AT TAFCH & | S &S 3l ST hT ENTUT lel H Tgel, &7 85 Fidagel &
30 & &9 H 3@ §5 & 10 AIMEEST THAT TIFEH T 8T SYANT & fIT 58 45 AmgdsT &
ST 3T AT| DoT 316 $H &5 H 35 MHz JITA ThereH & AT TATE |
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1.18 $Heh 3TCITAT, €IS & 1 31ITECT 2018 T 39T FAWIRIT 3T T 9 7T, DoT & 3[R TR 700
RSt Aige fafdest smgfca 35 & slremel & forw 3mfara 7o 3R 33 o ver 1 g1 o1
AR & g5 o, 3iaR-3nforar o, Feafaf@ad # A fFar g:

a) ST QAT T Tl AT AR ST & W HTIAN & 3T Tolehetet & fIT, T
AT HfT ol W g | ‘3o sf3ar & 32237 Fl ured st & fore gaTed Taea $r

C
3YeletIal Hgcaqul ¢ |

b) 700 AAMEEST 5 T 4 ST T AT o T g R H gE#ATer foharr 37 @1 8 3R 5 S
LT3l o T4ehTH & HRUT SHT ScehSe TR TARATATIT & SHRUT TG TACTS T cfedlell oh felT
e I F AT TSI ST H I TH T

¢) TS o oY faRg FaAT W A WY T qTHTR QaT34T & foIT 700 FIMELEST T 3TANT A ATl
e, el S IR TEATAHT dF Y AAAT &1 & 3R G 35 AMEET FhFH Y ATeraT hr
dehTeldl T &, TTfeh $TRcl 7 APT700 (FDD) TTSTolT &hl HheTclT T 3eTehOT fehdT ST Heh | 50 &
31fe et

1.19 3TRNF & AL, DoT o1 2 AFER 2018 &l 3TeT TF oh ATEIH § feequly &7 foh LTE
MR HagsT 450 AIMGES H - 6 GHz deh 3T g, o1 foh ITU-R Rale (e ITU-R
M.2418) H afoTa g1 "RSTT &7 faaRor" 31 3Tk 37TdT, NFAP 450-470 FIMECST 3 IMT
TN T HTTRIRATIHT TR AR X1 BT TN T §; ITEHR & TS 3menie sleash
ST AT T FHTGT 32 Ao I3 (S 450-470 AIMEEST ITTE) H WS ST Fhell B

1.20 STATE &, YT HATOIT o Sool TohdT [ 450-470 FIMET 85 H IRTTEE ¥ AT
forratfafad geifaar §:

a) HITA ShITaECH, IS 3 §5g s TSaATSH ST 8 & 3R Y2I-g-Cieh (PTT) SIET ShRI&THT
3qeTst g1 & Sl fob HgcaqoT HaR Har3il, sgd VAT ST 3R 58 5 H LTE TR 95 ha
&ar # aifoifeaes Acas & v gl

11



b) Ssfaser AT AlaTger Sisds aTaar i HHIEET Ht AT FHT Feelt § 3R AT Aorredr
3R 3HT7-aS S5 AT SIA 3UHNT & ATH Y WA X Tehell 8, ST sieash 3ifcen o
ST hAT HITA 6T & FHTeh e Teig TADeIcT T GIATET it oh fIT 3R hl eI et
& foIT =geTaa 10 FIMgES Y HaLTFAT BN Bl |

c) 31afeies 3R ST3afeie & o 5 AIMGEST NS &3 FI ITLISHAT|

1.21 DoT T AR § T 450-470 MHz 85 &, TDD Tl 3Uars¥ &, fI& FDD Tt & 31a2Th
319feleh 31R ST3aToiah o a1 IS o8 T AR 181 @191 | SHeh TAATAT, 450-470 FIMEE ST
o5 # 20 AIMEES ASTATY U &, ST TSR T 15 AIMGEST T ITaRTehell o AR
3UCTsY § | TeeTHI, DoT &1 faaR § 1 IR & LTE 3R sicadh T alTcll Sl HHTIT 450-470
Mgt 3 # Wieh ST dhdl B

1.22 DoT 3H TSR0 A 31T § o Hehed 236 (Tos ARG Aherst I3ha (WRC) -15) ITU-
R 3T€IIAT & IROTHAT & TR U, WRC-19 T THAT HIAT &, ST 3TaTh HRATS il &h
fore, 3fra &9 &, ARaes a1 &1 FrHEEIoT 3gicd T Giatmsies g & fav g | d3,
AlS[aT ANSTS T aT 3Tdes & i, ¢l 3N ¢hATSS (RSTT) o ol Yord TSAhIFY fetehelel
AEeH & FaTTaa & AT THa &€ dh | 3T IV 3mANTod g1 arel WRC-19 H 39 TaisT
HTSTHA (Al 1.11) 3T HeTRIT FhAT ST ITU-R HETTeA oh 3R I, TaEce faRIsarai,
gaATe 3R AT RSTT & Frateadet 31 RSTT 6 T s 3MaeTharait &by 3ifae &9 fear
STTTTT| Heh 37eATaT, dfReeh AT &1 TR W IRTHEE & foIT 3nrgfce o7 &1 Hera

A fohar SITweT | Ig faea TR oY 31 811 &9 & ot 3gfcd Yof # Ferferd
ST gonfergt s STt &l GiaRud e fSrad YATe T 3rdiegaeart g Hevcil 8 |
TR, SIHIEY I ATAAT § o FAISR-2019 H g1l dTeY SSeYITRET -19 o TRUMAT & IR W
R YoTd T TUAFEH IATSAHC o JEAT X AU AT HHSIGRY 8191 |

12



B. ATOIToTe AR sicadh & folT 700 FIMEEST 95 H TIFCH I HaAT

1.23 DoT & feoqoft &Y o Afe 15 MHz FIFCH & 3HTaee o Tl TR Yeld o YT T
AR fohar SITar g, Y T acaes & fow IMT Qar3it & foIT 700 MHz 88 & $ael 20 MHz
FIFEH BT DIST ST | T 4 A1 / 5 S Famait 3 forw e 7eT g Fohell 8, IE ST g0
TcAS AT 817 H 3§ 4 HAT Y&TdT HATU TETeT hial | ARAT Teid & ot 700 Ao d5 #¥ 15
PGS T T [AATOT T i el S TMIAT T T § 3R Seltepla AT Hir
ferer AT T ST X Thell & | S 37T, 700 IS 85 & oi1dl 1 Hfed o3
IIATT F AR H MSTAET Ja13it & fT 31Tdes & v 3uaser 781 & | safav, 700 Amgésr
&5 AT &1 7 AgeR halsT YTt el & folv TE ds & |

1.24 STETS H, Tel FATSI o 3ol T fh IR S AgcaquT 3aederdT 10 AT §, IR & faT
10 AIMEEST T TAY A T HRT H IMT Ta13iT & forw 31mded & forw 25 Agest e
SITTATT| 600 HAMGEST, 450-470 FIMGEST ¥ e HTgTee 85 H #f S5 ATHIOT hakeT HHT B |

1.25 DoT &7 faaR § T3 700 AeEd s o5 @ A 3gfea s ¢ foaed sa A arfoifoaes
GIETR AT YETc3T Y TFAE FUFCH HIGT ST HebelT § | TeoTHR, SH o5 F FUFCH i HFeal
2016 H ATITHY o TorT T@T 31T AT 3R BT T JTMAT elreHT 37 atell o1emet & forw er forar
SITTATT | $TRA YoTd & forT 700 AaMgesT S5 7 15 AT T Pl TEAT A & TIFCH
1 3qfet MTAT &1 Hehell & S HHTTAT T A S HecaquT FIereH I 1A 7 ghg el i
XTI JTIREI S Taehrer TYSTAT3i ot Gk & STl Hehell § | AGTAR, HRAT YeTd T
HTGLGR T3 T G YA o fIT 700 FIMEEST &5 (S 450-470 AINGEST) & TeATaT ATl o5

H TUFCH T IAT o317 ST HhAT & |

C. Shalol ¢eh oh HIY HRCITY YoTd &hl HTaRTehdT, T g A e Teleh shalet oAg!

1.26 DoT & feoquft 1 for LTE 3mend §aR &1 39T IR gaRT [9oTs 378 Yo 9eRAt & |
o ST yEarfaa g, 5 fT DoT & 15 MHz 700 MHz TdFeH Hr ARTHr a5 &1 Ife;
TAFCH I Ig AT Teld dAcdh o (ol AR 8, df Gafrd Har &131 # el HTIRER| GarT
3 TAFCH T Yo ST g1 T ST Hehel 8| TAT 3ATAT & e Tenfac g&aaia Yerd
AT 3R ColhieT T T 39T ATSHT Ued TAT 87 H YoId & &1 Uah & TAFEH i

IS el  hdT g |
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1.27 RYercl o STATS H, Yol HATCIT o Y&l T foh sledeh & ol faffiest 3mgfcaat & e
TS &5 & FRUT I AR seds 3R TNHIA 3TN & deds & &I ToHTfad geaelq &
ICEIRIEL G

1.28 SH TGH H, DoT o 3eoid fohaT § foh HIRAIT IeTd I 1UeT sicdch ol hdel ¢oh UX oleITcl
el T TSR & | 900 FIMGEoT 348 H HRAT IeTd oh SHATTHTH-3R Acdeh o qlHT
3TETSAHCT hd ol &ah o TTY 3YANT H § | gTellTh, T TAR aiede 3R Telleid et &
wicadh & Srd HHITAA GEAETT T S §U, 900 HIMGEST 95 # Eeh oh AT HRCAT Te1d &
Acadh 1 A 7S Jrgfed argeh 1 AOods qEAR dcash & [T 78! diar r=r g

1.29 DoT o T3 3eei@ ThaAT § fh 450-470 MHz 88 &, TDD ITST=AT H Tfeafed 20 MHz S3fasy
R YeTd @RT AU 3 AT 3ucrety §| S 37eITdT, 450-470 AIECST 33 H Tg TIFCH
3737 e SATelTHT & ATETH Q ATTOST GIATAR HIRE bl 3THTSH el hT AISTalT 6T Tl1S
I8 § | AGTTAR, DoT T FIraR § fo 450-470 AAMEEST 5 7 ARAT Yold A1 TaFeH &

ITATSAHC T GHTGAT ST TT SIITAT T HehdT & |

d. AT GHIH I o el & HTeileh & HRAT TeTd & ToIT TUFEH T Sl TRIHih
3Tde # 3T 2 HIE 2012 T 2 ST ATAST H

1.30 DoT & 2 AdsR, 2018 I Y& I 318 feeu Ot T Ieorm fohar T foh T Aifderd Aok oft
ORI ST 31Ta2Te & o 7T Re ariient & AT gafa =ararer & 2 wad) 2012 & Aok
h 3Telleh H TS &I H HRAIT YoTd Sl TIAFEH AT ST HehdT ¢ AT o161 (FATdeN) 2010
A 423 (2 ST ATHET) | TETHR, SIHIE o feoqolt &t o HisfeAT AT o f81m9T, hiefe 3N
T HAATAT o [GIR, ARG YoId o olT TUFEH oh TR T 3T o aR H ol ST Tt
gl
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1.31 3Heh STaTd A, Yol HATeI o Soold TohaT § foh Shielet 3R AT HATel o HRAT Tefd &
3eRer it HHY foharr & 3R 58 Heer H Yol HATCRT S@RT FHTRA ST hidaie e I i
froaforar yereT Hr 1

e. 700 FIMEES o3 7 T A I He fefiwor

1.32 DoT o 2 AgsR 2018 & Yl FI 15 eeuforar & 3eo@ fFar ar f& 700
e 5 A TIagH Us Heddlel TIacH §, Fifeh 16 GaRT 1 3Ed 2018
47-3f3aT IR W Hoe RGN 7 yee fFar = 3RfEd qeg €1 15 FAamee
(FFFnd) TIaea & AT 98,520 3|

1.33 39 o1dTd H, Yol HAATTT of 3ol (AT g b Tded HATTT of TIFCH oh 3Tdce & [T
HRATT ToTd o JTIRIET T FHL TohaT § 3R S8 Haitl 7 YT HATORT SaRT JHTR STFE Shideie
FATC 9T 37efehel feT ol YeTet T g |

1.34 DoT I HIeTaAT § foh TR Yord o 3T fAre 3rafer & forw gam, geam 3 I giaensi
I TGTo o ToTT 700 AIMGEST 45 H 15 AMEES (10 AMGEST A o ToIV) AT A ARTE,
STafeh TYFEH AT T3 hl FABIRRIT & HTAR 3TRTET & | T ool T &THT| 1 oI IS
chalel 20 N1 & Tl 3TIShe o & H | goT HefY 20 TSt o SRTeT, Tg ThereH IYANT Yoeh (THIH)
& T H FATHS T A $S §oTR IS TY UTCcl | GEIY 3R, 450-470 HIGEST 35 T
THTE H 31T 3R AT 13t & 1S HAIIT AL & | SHb elldl, HRAT eTd GaRT 3R
15 FIMGCol TIAFCH o §oI1F, 450-470 Wﬁ?ﬁ%ﬂw%ﬁv?d 20 FAIMGC ST TAFCH B |
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1.35 DoT & T T Sl T foh TR TeTd &l 3191 AISTaT GSM-R TR HTdoTfoieh FRET
3R GR&T Aeash & forw 900 AIMGEST 5 # 1.6 MHz (FTTH) Ferea |iaT 71T 8, Torgeh faw,
TAFCH oh ITATGAHC o [oTT IS 31T ST T AT TS Teh T ITIT & | FTelITeh, THFEH
3[eeh, BT & TR I, HRAT Yeld GaRT 379 HISIaT ISA-HUR Heash & [T ATl &g
g, o ae Shroaua-31m 3manRa sicas off enfaer 1

G. DoT ¥ 9req dea7

1.36 GIHTR fF#MT (DoT) = 379=1 I H L-14001/01/2019-NTG feaAeh 27 Bl 2019 (3e]ae-
1) & FATETH T, T HATTT & 3ogl-gI5-TUIS LTE TATTAT et o YA &b dR H SITABRI & |
So1-3M33 3R AT HAR & fIT 357 Acaeh & 1Y TR TR ITAIART| Yo FHATol T o 39
3227 & T 700 MHz S8 # 15 MHz T 3TRTETT it & foIT DoT & 37aRrer foharr 41 31 10
MHz 3 T S8 Ftd A JTafed fanar ST ar F2ifer a8 yedra fondlt ot saraanide ore &
R &, ofehet harel GR&T 3R AT JIALn3it &l Tl & foIT | 3 I & ATEIH F, DoT A
HRAT YoTd I TAFCH oh TRIMHTAeh JTTdesT 3N FdieH, Hed, 3UFFd e 43 (450-470
AamgesT o5 Afed) R fore o 1wy T 72 I URT 11 (1) F T BN F:a & forw
TRAI & 3R1er fohaT| ) (T) 218 31TRTATH, ¢ % TRA & 3THR 1S HeMere 1fafags, 2000
AT HAM AT

1.37 31T foh 5% T 7 &) 318 SATTPRY feeTich 27 T 2019 &Y gATe 78T 2, wrfdreor o
19 AT 2019 T DoT i feT 1T 37at 7= T NS T, ol F Fo el R 3fdRerd
ST A7 a1$ | 379 97 f&atieh 10 7S 2019 (3T 11) & HTEIH W, DoT o YTTRAHIUT GaRT
A IS SATARRY TSI FI |

H. axrael gfshar

1.38 "R &I 3R GR&T FaT3iT o ToIT R ToTd vl TUFCH T e I Ueh TIHAA
T 14 SToT 2019 ST STRT feham aram AT iR fafRIse aet ux =t 1 915 oY | feeaiorat st ST atat
shr 31T T 22 oS 2019 AY AR STare feoaiorat & fow T 5 39 2019 AY| FrfRrRToT
T 12 FRTIReT & feoaforar fAel 3R & fedaRe! & STarel feeaforar ared g5 A grs
ATHTST www.trai.gov.in 9T TS § | 26 3FTET 2019 T A3 el & U 39 g13F T=T
AT H TS|
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1.39 fEeTeIRent & UTee SeTqe 3R 38 AR TaReIwoT & TR 9, T o o1 fAwriet
a1 3ifasr &9 fgar & | RwerRelt 3 e ey enfde §1 I8 3rear fawy 1 gy yere aar
&1 31T 1| A TaTfiee fReTerent & red Hel, feoaiorat 3R 3e7 7l o) == &1 718 § fotereh
TR R FAEIRRIT S R R Irar § | 3reara- 111 Rt o1 aRTer yere axar g |
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ITEAT- |1: Yo FATSIT Y 3TaTehdl éﬁagau qreTr

A. GSM-R ¥ 3793E ey ehl ST &

2.1 TAAT H, IR G 8 H Aottt A TPeT ToTd siecaeh & GHTT GSM-R JTEITR sledeh &l
3T T TGT ¢ | TR H, 900 FIMGEST A5 F 1.6 AaMGL ST (FA) FIFIH AT SHTHTH-3R
TR Acds T =TT & Tt AR Tord &t SiaT AT g

2.2 TSI 2.2 05 AT GiATEST oAt ot TTNET ol €, SeTehr GRaT X Feat IR & fow
FagR AT 3R A §1 $Heb 3elldl, 3SR ! AT A RE giramer are 3R Ufeiar
TCTeh IS o Y FTTHT &2 o Ta o=t fGEat & 3118k ¢oit 3R 3gra hr &3nd & forw
T A o FHRT, o SITeT IR THTCTT ST &TFAT I 3T Heh ol T ITTeT IR 1T T TGTeT
T TRl & | HISTEl IR Acdeh|

2.3 UG g2l #, gaslfae dedes mﬁ-%%aagafr%%ﬁwﬁmﬁgqﬁm

& TIT, AT &A1 & ATT A IR & [T ool [ATes (Sirvgues), ateft didr (4 3
siTgas fAEcH & fAT, S 3T 3eT &3 T IS FA &, S, ErdiehTioleh A (LTE)|

Aol foleh AR SToTR U SToI 20T IIEaI AT AIaiere (3GPP) LTE T 3T [ iad gl & arg &)
GSM g eTehereT FaEeH i faafed foham 5T 161 & | IRUTHETET, GSM-R 1 319 Siidsehrel

o forT Teh grell 37 o § | 38 YehR Fg 37eTell WIEY & Vel d-HATIT TR FUTTel o AL TTHTT
STTATA-3R WP Fr aeefet o forw arafae & AT sgax 7T AR &7H T Jard e |

2.4 AT T 11T 3 I hT AT GAAT A W & | 773 JaT31T hl G2heT it o folv §1S TS T
(TITHIN) TRETeT ST ST bl G el o [T Tehs 778 YOI Y IRl Bl &, ol fehet
fohT ot o9 T e SNTATH-3R o A1 He-31ecdcd 7 g & | HSRs & eIt Ueh IugFd
AR TR YTl T el Y&, FaT faIsdr3it, 3gica ds 3R sitegftes a@der s
HET R TR e T ITaRThl § | GSM TEEEH &l JolelT #, LTE & Ueh HTLROT Fele
3MfeheereR, 3T e &Y 3R e faoiaar &, TSad I8 areaidsh G8T & HSR 3Tl & forw
TR TR aTgeh g7 ST 8|
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2.5 X HATETT SaRT JEIT SRR & 3HTAR, 14.4 el lNTH deh & 3T AR & fow
SII3RTH T STATA-3R GaRT ST A & forw 38 ag & GAfda fohar Sirar § o s
foraffe SroaTs JoTrel & |12 | TSR 1 3AT & foh 700 AeMEEST 3ngfea I3 7 weafad
ToTEIS YUTTell & HTY, TE 50/10 (31T / JUA) THSGITH o AT SereT AKX 2.55 dfdfiwd /
geof 1 FRIER JUTHAI G&TdT T 3cTTget |

2.6 TSR = TATaAfelar, T 3R ¢oT GR&T 3827 & Tolv JUA ¢e flr=1oT Jotrell (ETCS)
F -2 T ] e T TEaTd AT g |

B. 37T 22T {SieTah UTH GSM-R & 319318 &l hl ATSTaT &

2.7 F5 &2 TACIS ITUTRT TIR YUTITIAT dhl TATATIRT el T AroteT SelT @ g | ITU o
TRATTRT o TR & ATETH T 2016 H YoTd Y3l Eaa12 TAECH & 3TN & IR H SATAhRT
Teha | FATdelT, {c-3ATTerT, A FIS[ET YoTd JUTTCT shl FATATAR el &hT AISTall & TR H
qBTI ITU & 2017 # 27 =0T & 9red SATHhAr3it st genrfrd famam| Toréls 3menfia gorel &
ATSIT el AT 39 AlS[eT FATCH Y 1S A Sl AISTAT dTed =1 @ AIed Jréfe
gfaferarait s arfererr 2.1 F gaIfa frar s g

AT 2.1: TSR weaATaelt & fore rdfare wfafdansit w1 awrer

S3.No. | Country Response on plans to migrate existing system

1 South Korea | South Korea has already launched LTE-E using 718-
T2E/773-783 MHz (U/D) frequencies.

2 Australia It has proposed to use ETCS level 2 and it is likely to

[(Queensland | be LTE based.
Rail)

3 France It is plamning to migrate its GSM-R to a new technology
to be defined by 2022 at EUT level.

4 Japan Iz interested in the RSTT to provide the high-speed
data to the train crews and passengers from the train
communication networle, S0, Japan is studying
mmWave band radiccommunication systems for
railway systems to provide high-speed data to the train

3 https://www.itu.int/dms_pub/itu-r/md/.../R15-WP5A-C-0469!N17-P2!MSW-E.docx
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S.No. | Country Response on plans to migrate existing system

crews and passengers to realize more secure and
comfortable railway transport services,

5 China China iz planning to migrate the system. A field test
related to LTE-based next generation railway
radiocommunication system iz planned to be carried
cut in 2018 on some high-speed railway line to verify
system capacity and technical characteristics for RSTT

in different typical scenarios.

& Qatar Migration to LTE will be assessed once technology is
fully standardized and matured in rail environment.

=]

Spain GSM-E will be migrated in the future tc a new
broadband radiocommunication system. This new
system iz under definition in this moment by UIC
(Railways International Unicn) and ERA (European
Railway Agency).

8 Switzerland | The successor system of GSM-E ([FEMCS) will
originally be operated in 7 MHz of the 873-876 [/ 876-
880 MHz and 918-921 / 921-925 MHz band. The
setvices of GEM-F in 2 and 3G for non-critical railway
applications will ke migrated by 4G/LTE in 800 MH=,
1800 MHz, 2100 MHz and 2600 MH=.

9 United No programme is in place to replace the existing
Hingdom system, although a proposal to deploy GPRS over
GSM-E iz under review to support European Rail
Traffic Management System (ERTMS) roll-ocut.

2.8 2017 #, SIETUT HIRAT 1 10 AMEES (FHH) TIFCH oh I SATAHT e ST & fow
ToIEIS-3TR dliedl fohaT| gTelifen, TTEse 10 AIMGEST (FTTH) TUFCH Teldls- Ulscreh AFC,
ToTEIS-AICTSH 3N TeIdiS-Yeld o [elT Uehiehd HIdstioteh sicae & oIt 3TH § | T ST
Tl ST Yol Sicae TfRaor o Qistere & forw KT, SIRT 1 gar ded 3T aeld
SRR A T | GETETT T 3TeToholel el & [T, T ToiTaT (318 FHATerg, giargrer
e 3R IREE HATET; AR R GI&T HATelT; 3R HETEERT 3R Heed Harord) o
HoTeh HeToTol TTshaT (TH3TY) T FATIAT I § | RAN HISTTHUT Uehlehel HIdol(eleh sicadh,
TATENT 3Tdee fATaAT 3R AT a-wrIsRT Ifshansit & ST giar g |

2.9 31T, eLTE &1 AT <ANeT 3 gl AT oSl 1 W ThAT ST &, STEl Ig Aol H A35--
o 3TaTST, 3eT 3R AT AT U= *{dl%,ﬁ?a?éaﬁﬁﬁﬁa’(wa?éﬁﬂgﬁgmm
(freT I ATeT 3iTIREX) I 3R ATAINTSAT S 1800 FIMGCoT TACTS CIBIST sIcdeh T YT hlcd
EU gell T FaTered, fSraeh TRUTHEEEY ATel eligeT Y Heca ol &THdT H g g5 ¢
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2.10 3 YSS[A &, TAFATITET 18191 & AR el I faar-faasl frar s g |

D. 37 aR faeawor

i) TAFC Fr 3TaTHAT

2.11 TIATT H, 7R H IMT JaT34T & ToIT TUTFeH ol SATTHT UTohdT o ATETH T QAT ST IET &

HR S 1T TAFEH T SERTehe (W e IrATarer) T ST 6T & | §Hd slicel & |1, 7R
H IMSTAST Jar3it & T s Thared 35 W 1T &1 =T & 315 J1feienm 2.2 5 Taed S5t 1

IECEUR ACER GRS

forepT 2.2: T & TSTHE! A1 & T WaeA §5

Band Uplink Freguency Downlink Frequency 3GPP band no. | Duplexing
(MH=) [MH=z) Scheme
703 -748 MH= 758-803 MH=z
700 MH= 28 FDD
(35 MHs= has been sarmarked for Access services)
800 MH=z 824-844 MHz 869-889 MH= = FOD
900 MH= 830-915 MH= 0935-960 MH= 8 FDD
1710-1785 MH= 1805-1880 MH=
1800 MH= 3 FDD
(35 MH= has been sarmarked for Access services)
1920-1980 MH= 2110-2170 MH=
2100 MH= 1 FDD
(40 MHz has been sarmarled for Access services)
2300-2400 MH=
2300 MH= 40 DD
(80 MH= has been sarmarlked for Access services)
2500-2690 MH=z
2500 MH= 41 DD
(40 MHs= has been sarmarked for Access services|

3300 -
3600 MH=

3300-3600 MH=
(25 MHsz spectrum (3400 MHz - 3425 MHz) 1=

identified for ISFEO0's use in Indian Feglonal
Navigation Satellite System ([ENSS5)

Mot yet suctioned but TRAI
has recommended:

(1) TDD Duplexing scheme

(11) Barring the specific
locations where [SR0 1=
using the 25 MHz of
spectrum, the entire
spectrum from 3300 MH=z to
3600 MH= should be made

available for access services
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2.12 3SR A 700 AIMEES A5 F 15 AIMGEST (FTTH) ITRTETA et b1 3T foharr & 3R
& H ¢oT-A138 3R ¢o-Eof R o [T 3701 sledeh & AT TAelS TR TR eI &
forT 10 AamgdT (IFFHa) TS T B |

2.13 TAEIS T TlaATcll & TolT gt 81 # 700 AIMGEST I3 T SYANT HAT Schse TR
TIar3it & SRt fohar 11 38T § 3R safoiT I8 verdis T ddrar & forw ged 3119 Aer arer
e H AU &1 5T IS HLTE Barsd son)-Aeq I A RF AT T @I |

2.14 39 -1 NI §5 H, 700 AIMgEST 43 5 S AaT3iT & forw 8ff 3ol d5 81 56 At wals,
3T 3CT &3, A Tdeladr 3R Al faeaws TaR UeTe FI9T| Ig FaiT gafdT, TaaeH
<RI, Acdeh G&TAT & ATY-HTY e JOUNTT hl S&Tcl & gig M| STl i Seatc
FAfFefadr & ary, g faffea e wrerst &I 3foee g 7 8 Feg H0m| 39
YhR, 56 T TR G IX Sl 31Tereh 1T Famra g

2.15 DoT o 319 TgdT H fetie 27 Wi 2019 it FaT § 3 700 AeMgest a5 &, Fdel 35 MHz
(FRHAA) TSP a;%rvmw%ﬁ?%awwﬁwmgv%m LSA H SIRTIRT AR TSP §,
700 MHz 3 15 MHz TJerEH shT HSR AR Yold & ToIT o5 Terg# shr 3qfel &l HIfAd T
hdT § ST HHTTAT §9 H $H Agcaqul TIFeH T HIAd 7 S e 3N qIEaR Hed
$I [ahTH AISTAT3I I WA H STl HohdT & | TIFCH &3 1 T TaLrearsii o gt & @
gq, S 3Tt 35 AT THaXel 3N AgaR T Fald Fld & | acAT &, 700 AIMEEST I35
HRA H HTSTHE Ya3il o [T 3aee & [T Selet] Tl H# HTgicd o3 § | FHTAT, 9§
Al TGTeT it o [T 700 A o5 GHE S5 ¢ |

2.16 DoT =¥ 313 gl & fh IR YoTd oh & HTY TUFCH ol IUTNAT h | Afe HATET g fecrar
TSPs & ToIT 3Tafed ol ST &, T I8 §EciaT™ o HET T hRUT T Hehcll § | 3R T & & T
g fcerail Y TSR T FIIT AT &, T Tg SH AT TITFCH IS & H&TH 3T Y SIedH &
dohdrgl
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2.17 DoT &7 Ig 3 faaR § fF 450-470 MHz & TQFeH 3Tcled & 3R IMT Ha131t o oI 18T
QT AT 8 | FS U $H I3 T ITANT Yord ARG faaeherd & fw @ &1 @ s 7 20
AIMGEST TUFCH U &, ToTd TSI o TeTT 3TcTsRT T ST Hebell © | A IHTfeeT &5 glod
& AT, Ig TSI Y ol HTTLTehell hl 3T I T Fhl & |

2.18 ITU-R REIE 7 M.2442-0 (11/2018) "¢eT 3R SHATSS o &1 Lol ITSAT-TAR OTTell h
FaATe 3R #fasT & 39 o, Aeafaf@a 3eo@ frar =ar g

T o7 2025 e 38000 fheilHTeT BTS-TUIE Toid (21.7%  TeaTa &) TTgd Yold Sl oIalTg i
175000 fFeAHICT da ToTa T AratelT 911S & | et YoIa & JEIH 31K Qreratfere Ay
ANSFAT & 3HTHR, YeTd ATATAT 2020 TFeh SHITHT G ST | SN ES Yof AT ITARTRATIN Y
T T & T, et Terd AR (CRC) & HTasT & RSTT & Tehrd sl g&da fean g, St v
FDD LTE- 3RS YOIl & | a1l &, CRC 2018 # LTE- 3R RSTT T Fles el et hr
ISTAT ST TET & | T IIETUT 8T8 TUTS SATSeT WX, BEIING ¥ SHENYANG ek 3T foham
ST, 31N 98707 & gl FECH 450 HIgEST HTdied &5 () & FeTiold fehdm STweT| Aeir
Terdls 85 31) |~

2.19 DoT & fa=IR § foh RaTeg2ret 236 (WRC-15), WRU-19 &I JTHTIAT T &, ST ITU-R
EITAT b YRUMAT & ITUR R, TS HIETS Flal o 1o, 3R T T, [Aeg TR w ar
& &9 & HHSEIOT 3gfed o5 T giaur & fov §3d g deh HATg |, RSTT &
FriTeadel & fow, AlSEr Aarse a1 3des & Hia¥ | 38 a9 AT gl arel WRC-19 H 30
TSIST 3TSCH (Al 1.11) T HITEIT fohall ST | 3MSEY-3HR HEGLeAT oh 3R IT; faeqe
fAAwan3it, adareT 3R AATHT RSTT & FrRATead 31 RSTT T ThFred IMTISHATIT Y
3T 9 {1 ST | 38 37eATar, 9feeh IT &1 3R R IRTHEE & v 3gicd 3o
ol THE HIHSTEY T STTUaTT | I fa9d T o) AT &1 §9 & WHSEIYOT 3T fect Tof H
FeTToleT IS FOTTIET hT STTSEIAT hl FIATET e ToTerd YT Sl 3IcqaATT g Hehell
£139faT, DoT &1 IAaR & {6 A9eR-2019 # lsY arel WRC-19 & IRUTHT & TR 9T IR
I T TUFCH IATSAHC oh J&ATd R A0 ofaAT THSTERY g1 |
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2.20 TUFCH HI AT o L H, TSR o7 YoId I 3T ¢ fheh AT o ToIlT JUIHATT
dsfasy (Fgcayol) 3mavashdr (eTert & drer 10 fhaldTey T 3irad gl X o) & a1 y&dd
forar &, St Toh Yo TSt  ars-wrs o yraenret S faffieet 3reqoriatt & |rey et | fohfeeher
faarfeler FTed SEHITH ool 2 & SR, Tolcll it 7 AEE Hai § Ffever Afsar dis /
3TCIE SI3AATS hlet T YTTTH T3S 12 AIMEES deh & |

2.21 IR =¥ Tg 31 TEIT TR § TR LTE ohr TTAT &7a7clm 3R Yord e 3R e 319
3T dSfagY AN & ALeToR, LTE o TolT 15 MHz TAFCH hl ST 8191t | I #, Yol T
LT3t T HETTEI FET Y Hehcll &, Fedeh i & el o [T HH T HH 10 AIMEEST TUFCH
Bl TRV 10 AMEES A FH T 3 3Gl 17 B19M, ATk TICeTeh el AT & &
T&eTeT Y TET ¢ AT TATCH 100% ST gi g |

2.22 RO FIRAT 2017 H ATGATRAH 3TN & fT TAES-3R il fhaAT| 700 FIMEEST
o5 3 U 37T 10 FIMGEST TUFEH T AT ToTeh GIET-TeICTs, TaldTs-FiersH 3R Tadis-
YoTd & TolT Tehlehel ATdsTioleh sicdeh & foT HIT AT B |

2.23 YoId RSTT hT TIFCH TR TR o7 GaRT fhT ATV Teh HETA & 3TN, 890
AIMgEST I3 1 3Mgicet ToT I TaaR it arel ST 3TN ol UiRITET 9¥el o foIT, RSTT

I TIFCH T TR ST Yo AT

Uplink Downlinlk
Minimum spectrum needs 11.9 MH= 4.7 MHz
Maztimum spectrum needs 14.04 MH= 8.38 MH=z

2.24 T TS TET 91T o Terg A 3Tace o feTT IR 3T RIET LTE 3R fastiolar yomelr
T AT & fIT §, ST ETCS FAT 2 UMl o ATEIH § A2 HgeaqoT A Feam dar ik
3TTdcsT YeTel aTT| SHIAT, TaIdIS TR TRTHCIET JOTTel T ATl o folT 3TS31R &l

3UYeF TUFCH T e GHE Agca o |

* RYIC ITU-R M.2442 and ¢oT 3R ¢oharss & o Yora I3AT-TaR gonforat &1 g 3i% s1fasyy &1 3uter’|
(https://www.itu.int/dms_pub/itu-r/opb/rep/R-REP-M.2442-2019-PDF-E.pdf)
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2.25 3T Yoo H, FTUReT & TUFcA §5 IeAT 700 HIMGEST, 450-470 HIMGEST AT fehdll
3T o3 9T 39T FEoqult e il T 3eRTET fohaT aram T, SiY 3IRATHE & forw siRe
Yold I JHTSAAC & fT 3G g 3R TRt TercH TUT ST FehlT & | IIRTHEE & forw

3SR
fRdeen! & grea fecaforar

2.26 s fEdURT o T foh 700 AIMEEST 85 H T HRART Yod  3mafed w1&T fovar
SATAT AT [RAURERT GaRT 3gd HROT R

(i) TTE ITCTSE 35 FIMGCoT H H 10 AT 15 AIMEE ST AR YoTd T AT IAT g, A NDCP 2018
32231 & qU A & forw Sroady & farw 20 ¥ 25 Aagdst TereH qaiTed g1 & A g

(ii) TE IMT 39ITIT o foIT Tad TR TR ATHSIET &, sl ﬁ%ﬁ%ﬁvagam%(w
3R 3AIEUT hakSt Ofgd) |

(iii) TG 5G I AT & TIT JH@ S AQ TH § | 30 I3 AT IMT 2020 (56) & forw iTu 3R AT g
NFAP ZaRT f42d ¥R W Ig = I S ¢ |

(iv) 700 AIMEEST H AT AATSH ST585 & 3T 19 3TdeA-ATRse 3T & fow Je-
IS AT HATH TR G |

(v) TSR T 3TANT IS e RAT & a1 WfAT §; STTAT, Ig A Tered 20 & SThr
feat # 3rgerd T8l

2.27 & ETURET o T T & foh TTfRIshIor s WRC-19 o TROTTH hr Fefiaf shieit =g e
TR $TRTRT YoId Y RSTT ST ITARIHATI b1 T et & Tolw e T o’ AHTEIor
e o3 & 91y areTlead [T ST 8@ | Ueh RAURe o Ioord fhar g 1 GSM-R 39T &
3T, GSM-R 2025-2030 cTeh GHTI §I91T; SHTAT, IR 3l T8 HAY Teh HIdoTfeieh GL&T 3K
&1 o frT Gsm-R MR AR fAehera e &l dalld a1 STRY W11 MM T
aTfeh Yo1d & foIT Afaes ®9 & ATHSTET aTel TUFeH 835 H Ueh A3 dovfeds [Ag doheile HI
9gdTel ITU & WRC-19 GaRT &l ST |
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2.28 TS fRdeRanT T fITR § o AT T6d &Y Tordls M TguHEE dhY Aty & forw
450-470 RIMgEST H TUFeH Tafed forr ST ThdT §1 o7 RAURST & A Uah o Ig 37 Seoi@
forar & foh d5 71 (37UTA 663 - 698/617 - 652 AIMGCoT) H TAFCH T HT IAT ST3TTAT ST ThcTT & |

2.29 U g T ATAAT § foh 800 FIMgcol TUFCH 3 B26 (814-849 / 859-894) 3T B27
(807-824 / 852-869) I3 #T YoTd & ToIT Ta=IX T Hehd &, 319X PPDR 31 85 H oI AGT I & |

2.30 Teh 3R fedURe & FgT & foh 800 AIMELEST 85 7 3GPP 87 26 AR Yold AT SAT=AT
AIfeT| Ig Y gl 1T § T 0T A TeIdls 3meTRa Iseeardy sisds MdEi3R scas &
TorT a1 AT & YR ©R 3 S 85 26 & 2x10 FaNgésT Tared i off FAwIRA Hr |
SHeh 37eTTal, RSTT 3R PPDR Il & felT HIFASTEIYUT Frea IR Terdls W RrehT o e
AR Acdeh I JelTd =T, 3TICT T AT o GRIeT & sicdeh & T AT IHad 3
3eR-FraTeTeT T eTATA ST 8, S e o 7 3maeges 3R walfed# r3ama g1

2.31 Ueh RN o Y& fora foh STaTa-31R 1 Teheldr I Al I W 3rafereh §5 & 31
4 AIMEEST (876-880 FIMEEST, ST3ATelh 88 3 921-925 AIMEL ) TIFEH & e & folw
TSFACR SE-raT 91T B | JTehier IO Felleleh 379el HISTGT GSM-R cloiTell s 2035 e 3T
HHAT: 3TH 3T AT WA & FAT AT T T8 8| Sefeh FISIeT TAd2r T 6T el 3ofeh fgd
H &I safou, Raures Hr T § foh HRAT Ye1d ST 900 85 H 4 AINEE ST HI JTde (Il 1.6
FIMEEST H Tgel ¥ &1 3Mafed 900 AMEEST & 3TATAT 2.4 HINGEN) SEATTH T 2 & ot
JATAT & FIIT Ueh dcanTel GHATHTS 19T | 37T 35, Tehelest o 3ol fhar g foh IRa =t
HTIST F Y9 ANSIST TIR TOTTIT (FRMCS) & FIT UIC® HATTehT &hT UTeled ahiaTT a1fe T 31K
U &2t / HTRE o HTHT FUFCH T GTHTATS o1 AT AT | SIAT T 450-470
AIMEEST 85 & ITWT & HEY H, AR oF FgT § o 450 T 470 AIMGEST TIFEH T 3YIET

> UIC (% Union internationale des chemins de fer) mmwﬂaﬂv@umwquﬁaﬁwp d
IGEADE
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I U HTY olTgeT YeTd H ETCS Level2 T TIeATcl T I ST HEs ALl ¢ | SRV AT
IRTEATT o= (her ISAT/ ASH, E5de, ST 3T7E) 450-470 RGeS H HISG 61 o
Yord fReTfeiar FATed ITAER TR ITadd TR S et Jlaunsit & ary st fhe sd &
e SETTHH el 2 T AT 450-470 RIMGEST F IR-ATeTehlehel B1el IR 3T Heeh & =,
Ig IHTITAT 61 & | Glorar 7 g1 &, ETCS T 2 AT AT 450-470 AINGEST T SHb HHARET HIH
el 1 1S AT e B |

2.32 Teh 37 TFIUR o Fgl foh TIFcH hdof a0l foTeh 3YANIT &l THITIHR Fol §, ST
37T, T&TT, Yord, TSERT AT 3R AATfoten 3rmaeaesharaii & forw off 3qar & Agcaqet 3R
HEcaqol § 1 TSR T ITaeTehcll ATdsTioreh &t 3 FI&T & forw §1 Yord &t arsws 3R
TRatfelar 3UTeT & fIT 700 AIMEEST T HTd THFEH AT ST AR, FiTeh ISR T
&t & ToIT fAereT fohfeehor afgd 3R e hr d=Tel & forT Feres o1 3uter &hdam|

2,33 ST Yo o 37y R fovait 3 Prifa R segfat & 8

a) RAYR®T & AR & service 700 AIMGES &5 FI IMT Far & forw I@r amm §,
8 83 H IR # 1S TWagH 47 aiar e arfev |, T8 787 §1 37 &7 & 10
RGeSt Tgel &1 8T AT &l Jafed & o g+

b) ATTT <Y FI&TT 3R GI&T A GUR & ATY-HTY Il ol FelTelel H HIATTS TS T TgarH
TR cTeRehT SaRT ST & gl 31T8eh T HehcTT & | ITATETAT o FAY 3R AR G g T
TR ToTd & R 37r2iegaeen 3K S &t 3 YA oX Sorar &t T eTHaT &

c) IR &Y 3Mafed GSM-R 31X 1.6 MHz GSM-R TIFEH (900 A3Mg ST 85 ) 39T &

d) 3T 83 7 450-470 AIMGEST 83 3T 3R &TU T Uehs ST dTer 3YHON & forw iR et
T 3T LT & | NENEY SIEY FIRISTHAT 3UeTsH G ¢, AT A o FaR Jar3ii & faw g
GR&TT JToNT & T IR-HATeTehlehel / g TOTTR i hIfRIRT ET hl ST Fehell |
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2.34 TIFCH h FATCH h X H ST ISR T YT STAT ARV, Teh TFATEIReh of STaTe fearg foh
& YA o TAIT, 5 AT UHSIST IT 10 AMEEST ISIST I 450-470 IS ST 45 H ISR Y
T ST FehdT & 3R d3 71 Y 87 TSI ST TR | F FTURT o Stare flear g i & 4, 10-
4 AIMEEST TIFCH SR T 450-470 FINGEST 83 H YT TohdT ST, ST s

3MFRIS AT 3R 3Tafed Tered & 3TN & YR U TSIAT ST FehdT §; BTelTTh, THFEH i
TTd I gRETereT 31T RATTeT 3T dT & oI T&dT § Tafed fohar Ser a1fig v Ueh 3
e T faaR § Toh 800 AIMEEST TUSFEH 85 T 2 x10 FAIMGCST sclleh T 3ThR ATAT 3GPP
% 26 I AR Yerd 1 AT ST TR CI

ICEERII

2.35 Teh 3TT0T HIdolfeleh TRAE o Shael ITcIRiTelcll FeTel il 8, TG GHR Sildet &l I[UTeecl
A GUR el & Tl o AgeaquT 8, & 3u1eT 3N Taehrg Jeet bl 31TehR & Fehell 8, TSR
deT X FohdT &, T G X TehdT & 3R 2T 3R ITHIOT 8131 o i 37X ol A Flel
# 3y Hee AT R | TR Yol =¥ 0 T shad Y FerT & 3R STt o eiseahior oht faehfare fomar
g1 &2 & Taffiest &3 T SigehT, Yold o AR SATIR ohl GIaETelateh §a11 iGaT ¢ | & ATer 31K
I3 T AT & faffieet TUT=T 0% of ST § | Yo siedeh cer T 3R et & forw
3911 § 3R &I AT T SE Wi o eI [afFed T W ol ST 8 | Yoid of 577 3R
Gl T ATTARMeTelT hl SGTT & Tordet & & ol & e TeThreor 7 ANTerT AT § | I8 |
gl o dTe, TR-TR JTIAT T & 3R Al SaRT of Siled dTel FTATAT IR FaTel 35 8 | $Hh
3TCITaT, a8t 73T 31T FTIT & ey 1Y AT & "SR & sicdh & ATY 3eel-gls-Tig
IR HIER T TAR" I ISR o IRAT o (oI enabler & T 3 TgTAT I1AT AT| 3T
T 7 Teh Hca 0T Gl AlTSol HUR JUTTlT TR TR Teh 3Me foleh Tord Faeiferar 3ik
oo fAI=oT YuTTel TATTIT et T Y& B |
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2.36 Aeheiieh! [T FTT Siidet & oIaTe3T §X TG 1 S T@T & R YeTd SHeT 9aTG 161 ar
TondT g | Raa ¥ &, 7% 3R sgar dieaifaifenat & ot &I ared ket o fore Yora Rgaforer
UTTeIY hY AT f¥eh Satlel Y 3T R & |

2.37 ARART YAd oF Tl TR Yo1d fAeaiteldr 3R ¢ fAg=or yotrelt T2nfad a3et &1
e feam 8, forereh forT 38e 3reqaier foma § o 700 Aegé T 35 3 15 AT T
ITRTETST &Y Fehell & 3 10 AIMEEST oh AT Y& et & TIT & AT ST HheT &1 IR F TEATIAA
foraT o7 foh 30 TUarc &1 39T TAe=ITol R 32231 & Torv fohar SiTee:

i) TArereT fopfeaner SR A AT 3R TTellehalsT ETCS ofdeT 2 T IR W Yeid FA7aATaler
Bred F ATTTT 9|

ii) 3TTaTST, AT 3R 37 Fafrd vitersher & fow ae ST sicas Far|
iii) 3178 sTcah-T&T# f3a1sd (loT 3R AT [ade T Affaean) |
iv) ATTS ol TR & ATETH T ¢l 3 AT T 3R ol |

v) ST  ATS-0hTS AT HeTeT e

vi) I GR&T & fore NfsaY vanfefena & ar ot & M Hami & Aregs § Aifsa
fAIRTAT (eI8a Hrg) |

2.38 1T o Ugel Seai@ fhaT T §, 13N &1 AR § 16 700 Aemgést 85 & a9y, 3MS3”
Y 3T 3TTTRIHAT3 o T 450-470 FIMEEST FT 3TN FIAT AMRT| DoT T Ig 9 ATAATE
& WRC-19 & IRUTAT & 3TUR I AR YoTd I TIFEH ITHSAHE & TEdTd R 0T o=
e AU

2.39 RSTT 3TTgfect HIHSEY & He T HL, WRC 2019 & ToiST HTSEH Al 1.11 & 3HcAaTd 3T &
TSiST TgEH Al 1.11 & G H, WRC 2019 SaRT [aIR fhT STt arel derstishr, aR=rerst 3R
faferaree / ufshatcas AT T CPM &I RUIE T 3ooid § e iEd 7an:
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" TIST HTSEH ol TISE el o fIT clieT T JEATAT fohT 1T &

- fafer @ Hered 236 (SSEYIHY -15) & GHeT & 3TeTdT NN H HIS Teeld 7eT;

- fafer B: Ueh o721 RGATeg A= S1S [A111-METHOD B] (WRC-19) RSTT & felw shierd#t It ffése
AT & 3R FAWBIRLT ITU-R M. [RSTT_FRQ] & TEH 8Tl 3 HEHIUT ! TefaTd idT g 3R
g 236 (WRC-15) Sl SaTdT & );

-fafer c: RSTT & forw shierdelt It ATése foh e Teh s1am Raileg2ret [8111-METHOD (]
(WRC-19) 1S, STelfeh 31T ITU-R M. [RSTT_FRQ] o HeI& BTl oh HEHIU] afrﬁafa‘iﬁmﬁg(f
AR gHF TRUTHEET RATeg2+ 236 (WRC) GETT -15) | "

TR A, TE Teliel @11 & o 3eFeaR-+Taa 2019 3 SeegIRET -19 Y TeTaT §a118 18 § 1ok
HRTHIE & fAIT T A & AT W 3ifAd Fiel ot T Feafa A A g7

2.40 3T feeaToTaT 3 S fETeIRen of gl & Toh 3SR BT 700 HAINEEST 88 H HIg TIFCH
TET fe=T ST A v

2.41 T fgdT8IRe o &gl foh TAFed o hdof a0 odeh 3UANT & ToIT &, Sfea 3TdieT, &,
Yold, TSR FI&TT 3R ATATToTR AT & forw 8y 37T &1 Hgea ot iR Hecaqui B |
TSI T TGLTehell Al Tioteh FI&TT 3N FI&T o TT § 3R 58 ar$-0rs 3R [{atiolar
39T o TeTT 700 AMEEST ohT HEFT TUFCH T STI=AT TR, Fifeh SN AT FI&T o foIw
e Tohfeahel aed 3R 3eT T =TT o TolT TAFCH HT 3TN HLI|

2.42 5 RRAUREHT F fecqut &1 & 1 450-470 AMgEST TIFEH FHT STUNT A U HTH 1S
YT H ETCS Level2 T AT T IS TITST HeeT w181 & | ST T aTRIEATIRT I (Sha I3
/ A, §s8e, FFEter 3nfe) 450-470 Awmgdsr # AGE TET B

2.43 Ig AT 1T ST € T o ST o 3191 YoTd FeIR YUMo foIT TETRA deheileh i
380 MHz & 470 MHz deh T H 35T H 31917 & 31X TETRA dahsileh & foIT 450-470 MHz &
Barsw aiREafadT a7 3uas g |
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2.44 THT &, IR o7 LTE TETRA YoTd TAR YUTTGHT ol oleiTd el T JE&dTd AT & forae forw
38T 700 AIMGEST 45 H 15 MHz FRHT TAFCH ITRTET et 3R IR &l FAT ST GTell 10 MHz
(GTTHT) o T Y& el T AU [hATR | LTE 7S cTohoilen § 3R 5G oY Teh Taehrey AT TeTet
AT &, S G2 LTE BT GSM-R & Tl Teh UTehfcteh STaEATdel & &9 H 4@ & & | TS Teld ganT
TS TR YUTTell Sl oIoITd fohaT SATAT &, df foaRaR dersiihT fashra ot olret Tarstiaes &9
& 3T

2.45 $TRA ¥, 700 FIMGEST 5 1 ool 45 HAEES (SSN) B, THHH § 10 FeMgE o () Y
&7 o ToTT @ a7 § 3R AW 35 AIMEEST (TTH) T 2016 H IMSTHE Qar3it o fore e
# 7@ I T, S $3 IS aell el Al | T3 Y €t # 7@d gU foh () sH s A

TR TEATerehT T 31T TAh e 8 IAT R, (ii) TSPs hasl & HE, A 5[ 6T ¢, Foraeh IRoTATawT
AT-shatot SileT 3 hiel 319 AN (iii) 700 HIMEEST S5 T YHEG HIAT ST T & 56 & fIw s, TSP
37911 foRdT H 50 &5 H ThereH TG A Tohdl 6 |

2.46 AR Yold fAeATol & TaT3it o folT TAFEH ST 3TN et hl TRepeTAT hidl o

a) GR&TT JaTV: FATATIT (ETCS E -2) [HTeA-S1S IYAOT 3R THATSS IYNT & g HAR A
IGEETY

b) AT &HEGToheleT: MCPTT $hag{eieheleT 3R aTaH hiTeidT 3ieT-alS o
M) loT 3R vde faaaaaar fAeRT=Y
SY) GRET aTv: oAt & AT el o AregH AT IR (15 $is) |

2.47 39T gT3H f3ERAT & 2RI, 11T, BeTaTe & NHER foh0T it F Seor foha foh ogiel
HRCIY YT SR LTE TR ETCS o -2 fHaeifelar Jurmely l #f1a] it & foIw Serex 3R
TIAFCH ARl I Ueh JEIIA TohdT & | 3Tk d1G, eI W RUIE ISINSET, gelae,
AT $-3el & ATEIH W IR & I WIS T 1S | 3T & clled Jo{@ TROMA o fGw
TI'Q'%"
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a) 3SR &1 [AfAe 3maeTSHaraii & forw Ser &3 Fir 3maTyehdar

S.No| Application Data rate Data rate
requirement in requirement in
download upload
1 ETCS Level-2 100 Ebps 100 Kbps
. MC PIT + Voice 660 Kbps + 1000 660 Kbps +1000
Kbp=s Kbps
3 IoT services 2 Mbps 2ZMbps
4 Passenger 100 Kbps 10 Kbps
information
display system
Total 3.86 Mbps 3.86 Mbps
Requirement

S On Board Video 200 Kbps Upto 40 Mbps
Surveillance
iminimum per
Train|
Total including 4.06 Mbps Upto 43.86
Video Mbps
Surveillance

HERIEC H, Iid &I 3TeT-a1S ST TRt o folv Ssfasy &t raeaerdr: g1+ 6
THAGTH

b) 700 AIMEEST o5 H TeF¢AH FI ITTLTRAT

Functionality Spectmm
Requirement
ETCS Lewvel-2 (train control, Safety, |5 MHz (paired)
signalling etc.), MCPTT + Voice, Passenger
Information and IoT based asset monitoring
Video Surveillance System 10 MHz or more
(paired)

c) 450-470 AaTgEST 5 & IRTEATAR T: shael o Faqdie Hufagr gg Rerax s qq7d=
HLAT ¢ STdTh o TS ITSAT TR TEATIRT 97 59 §5 H AR § | ST 37lTdT, 450-470
AIMEEST 85 F NB-loT 3cUTE ST 6T & |

2.48 Tl ol AlGTS ol ACATIH TATATLAT (SHUHT) aRT JerifAd Ralel &, Jg g@r g
700 FIMEEST 5 7 TerdlS Barsd IR RATIRr a7 O a1fd & 9¢ W@ & | SvaT gary gmifdia
378 2019 deh Wi fhT ITT TAICIS Sedeh FI STTRRT &, T SWT IAT ¢ T 450-470 AIMEEST
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TIFEH 5 A Tgd HH TS Acash dled U T §, STafeh 700 AIMEEST d5 & w1817 50
TAICTS Sedsh dlied [T T & | Tg Y QT ST TheT & TF 700 FeMgeST 5 FT 3UANT Flh
Aled fohT ITT TAETS siedeh chl TEAT 2300 AIMGEST 88 o TAT ¢ | faavor =T fgw arw arforenr
233 AT 2.1 ARRU T E:

IROM 2.3: APT 700 AIMGEST &3 (I3 28) # LTE TATHT 3TANITHAT 3UHIOT

Month & Year | Number of LTE supported user devices
October-2016 469
May-2018 1212
September-2019 2000
i shege Rare

o 2.1: ToréYs Aeaeh h HEAT 31 2019 TR Y& HT TS

AT Shegu RO

2.49 ST foh SIS, BeXTETE GaRT fohT 31T LI oh IROTAT & ¢@T ST FehelT &, ETCS
olarel -2 TR o [AaATolaT JOTTell & hraileadsT & foiv SeT ey, A shieeher garg clen
(MCPTT), AT, loT HaT3il & forw Gufed yetrst R A G ygeie ahdel 3.86 TAAINTH B,
TS 3maTett & 5 AT ST TFCA & A1 QT FohAT ST Hhel & | Sharel ST & Hef apral &
HAEIET AT [AIRIT 32T 37TeiS et Sl ATARTh T o hIRUT 93 SS[A5Y T JTTLThdT
g &1 Ueh ol o ToIT, 13T faRTeiT o forw 31963 3eT X T 3TaRTehdT o1eTeiaT 6
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THAHTH B, STafeh [ ¢oT & ToIT, Ig 40 THSHITH ofeh & | =11l few 91T LTE Yge diferenr &
3R, 5 MHz S3{agY & foIv s13s1feieh dish SeTeX 2 x 2 MIMO & 1Y 36.7 THSTHITH 3R
37afoleh fRITR 3T & 64 QAM HTSelel & A1 18.3 THAHITH &

cITfelehT 2.4: LTE FDD f¥eH Yge

. MIMO All Transmission
SIS0 Transmit 553 Mode
Transmission No of o e . e
Mode/System Usesble . - . v _1:-.1.'.11-: v F'H.lk
Eanfd.u."idth Fezource | Downlink ann..ml-': Downlink Peal: .Pea_{
Block Peal: Paalc Peal (Mbps) (Meps) o4
[Mbps) (Mebps) [Meps) 16 QAM 2AM
1.4 MH= 3] 4.4 4.4 8.8 3 4.4
3 MH= 15 11.1 11.1 221 7.5 11.1
5 MH= 25 183 18.2 387 12.6 18.3
10 MH= 20 36T 6.7 75 25.5 36.7
15 MH= 75 55.1 55.1 110 a7.4 55.1
20 MH= 100 Fil=) 75 150 51 75

2.50 3T o 3THR, 700/800/900 H 5 AIMEEST (FTH) TUFECH, HR YoTd & Tl e
ST fATRTET JomTell, 37T, ETCS T -2 (&7 TAAA0T, FR&T,) o 37elrar 37 Feft
3TALTH AT & forw gaTed g9 | f{gaAteior 31fe), MCPTT + arad 3iR IoT 3maTRd Tae
AifereRar| grerfen, DA HIREN Fomel & forv e & ATaT arsa fig & v s
AIMEE ST TFeH YATCT AET &Y TohdT §, TE 12 THAUITT I 18 THEATH e T &THAT TereT
| SHTAT, R ToTd Teh 81 5 A ST (FTTH) THFCH T ST &leh Th IR H&T 4
et rat & forw TRAEEY IR FaRt T a1sa Hig Aot 7 TeTH g19T, Fifeh Tahel S &
forT AT FIRTET & fAT 39S 32T 6T ST 3TTRThAT 9139 6 § | THTTH | Aifzar
TSTRIAT ST Y 377eT-STS HHEI Toh T ST HehclT & TR ST & TR THI-HHAY W / Hideh
G AT ST Hhell & | S 31T, MIMO 3R 3T T ATSYIR0 cTeheilehl [64 DAM] &
3YNT &eh, BTS ol HEAT H g Sleh ST X I R TGIAT STT HehclT & | TG 3TN el IAT & Toh
5 AIMGEST (TTH) TIFCH 800 RIS 33 AT 900 AIMGE S o5 H Y7331 & 3R R
Ul =gl 6|
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2.51 TUSFCH 3o TETE H § Ueh &, S HUR, AT 3 3792191 o TT Aar3it & Teh gerqe
TG H ITANT AT ST HeheT & | IR JATT HhI0T AT S154S AlTS el qIHAR, FHROT, JHTIR
3R FHET TR & HTY-ATY T, eTd AT JHTThTollel Ya3t St Aot {ieh folehral & HeR
e S YhR & &I T AT FLAT

2.52 TUFCH o 3Tl H g1 Hehell & F1{oh STCISE TUFEH T Jolell 3 TaAY 3Mgiceai &
IR HHTTI SUANITehl 81 Hehcl & | SHTAT, SHb 3TN bl T2 St 3R 318 Ageaqun
TSI ohl AT ol ST AT B |

2.53 TAFCH o GaIEreT 3R 3MTdee H & [Agld TAaFeH I ITIAH Hod 3TANT AT 39197 6
fore Jmrafed et =TT St HATST 1 i TehcTa o1eT GiAfad i g

2.54 3T 38T Tg GiATRET el W HTE & o T T ST 3eT oiehl & FohaT ST
& ST HATEIAT & FHerel JTacs ol Hal Fld ?é&r%&&-ﬁaﬁwm%-wwmﬁ
AT Gl TR & HITGAT GaNT 42T & 31TTYe faenrar 3R 317 3223t &l T ket are
SREIRREDIIE RIS

2.55 T9ereH ATt o Tl ITa-FaIT 3221 1 IRATNT el H, TG Ueh IR A g & ®a A
ol & [T HASIGR &, TAFCH GaRT 3TclsY 33TYE & Feg I JTARIART, fFTH TR
T 3T A sTioteh HTARIRET SART TEToT fohT ITT HIdoTfeteh HTICYC T FHedieheT AMHA B |
AT SToTC o T T &1 9718 ATAT 2T &1, Alegel HR 3R o &t & 3uder & fow
3UTSY § 13U & 3UANIN & S & TFeniorg fomar Smer anfgw? F3ife 3ia-39aierehdr gt
TAT3TT A ST Yo XA 8, T TIFeH Y faIAT & q Th AT g8 39T & foIw smafed s &
TIFEH T Ueh HTIH AT YT 81 Tehcll & | Tl TehR & HASAN hl TGI8l &, it aleil
AT I Hed-3c SYBNThAT3T T GRATAT &, 3576 Taled el hl SA19Td 3R 37 3HTaRTS

TIFCH T AT
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2.56 TUFCH o 3TTdC H, UTATHS & H 37 AT I YrATHSRAT &T ST AT ST 37-
3YANTHATIT GART AT HeIdT &, 3d-3TANThAT3 GaRT SFTFdard Tlig Ao ateh
Y 3o7eh TN Hod cFeFcl fohaT SITCTT & | BTellToh, BT ATHC &, STgT TR FTdsl{oieh HaT St
YoTd YeTel & TET &, TR AT (e1eh &9 § HaT TGTeT hleh 3H FHed I AT 6T IR A
SFd P Thall g |

2.57 Yfeh T & AT &l ATel ATTIAT &b TTSCRIOT A Lo ohT GR&TT T e Teeh Hged &, ol
TRIATIIT 322 (ETCS Level-2) & ToIT TUFEH T HTded GHTS I 3T T UeTeT ham| I3
GR&T H GUR o FrY-HTY TRl &THAT H R o o0 AT Terd & foiv ¢of [aeiferer
SUTTell & TelleTcla HIeTeh! & BleTl HEca Ul & | ETCS TX -2 9T TR LTE TR H9R
oIl A TREd &9 & T FR&T 3R TRTTCT G&TAT & T H R TeTd T Teh TR TeTel
I | TS 33 R ToTd 1 ey TUFCH ST el ohl [EUTeT H gor & o1e 3R
311Teeh TehT ol G et T 39T TN 8T TET & | SIAT fh LTE-R 700 MHz 38 & AlATeT foham ST
T&T & 3R ariRTEufadr a7 8iY 59 S5 7 3ucietr §, WiertoT &bl o9TaT & foh IR # ETCS Level-2
FRaarforar 1 S & daTdr & forT 700 MHz §3 & AR YoTd I TAFeH YeTeT T ST Hehdl
gl

2.58 qadcit Tl & HLeToR, TITEHT T A & Toh 700 HIMGEST 85 7 5 AIMgEST (A
TIFEH Pl HRAT YeId Pl ETCS TAR -2, MC PTT + a1ad, loT 3TemRa aREgfed fAeRTeT
Tar3fT, AT AT e & & T 3rafed foham S HehdT § | G 9eeleT Yorel 3R T IR
%o i I ASA TAIRTA 7 elgd Brs| &7 7 Tt it hr ATSAT [AIRIA Y A1 et h
fOT, IR Y1 37T SR AT &l IdT of 3T ohdT & oty
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(i)a-q'a?rﬁo—é’rq-—&%quga?ﬁ%,Eﬁiﬂé?&%ﬁwmwﬁa@ﬂémwm
dif3aT 3T 39 F BTeH F TAHAART Rt & forw fhar s ashar gl

(ii) 319Y T12=0T chg; 3 Foile’ TSN TAoRTel ST FEIH $tatet o faIT Aidstioeh qIEaR sicdeh
(TSPs Sicddh) T 39|

2.59 TUFCH Ueh GolsT UTehicioh HHTU 8, TG YiolIRecl hiat oh [TT Ueh oI GIeAT ITaRTh & fob
ST HRATAT & ITANT AT ST | ST TAFEH h JAT A A T J AT SIAT &, 7 I8

AT et & Tl g 3UTET o ToT Heft 31f0eh Hgca 9ot &1 STl & fob 3remseT fohw a1w
TAFEH T FHrIel STTTIT H o7 ST 3R Ig 39Gercd o 7§ | et HATer o AR & TEcrd
aﬁmwﬁiﬁé\?‘rg@, TAFCH & THI F© Al T ST el T Hehel AT 8, A8 & Th
3Mgfee TAFCH T FSCAH 3TN GATET AT 8| HRAT Yefd oh 3R &, Ig WM AT g
fo d =18 8 STeg A STog Terdls MUt ISt FAEcH o] sl & folv| gTefifeh,
3SR & TIATeT Yol b wledeh I W §U, F A9 el H S THI A1 77 | IR Y
EAT H TG G, TRI0T T TR & o FoA7-TA7 R AIRIAT BT wh gfohar < Arega &
TAFCH T FU IR TAY TR 3YAT JlATRTT fohar S| 33T, 51T foh gger Tt $r ars o, IR
AT Igol ¥ & GSM-R siedsh & foIT 900 AIMEEST 835 7 1.6 AMEST AT AT & | Ueh IR TSR
LIS TUTRA Aeaeh 9 Tl ST &, df 900 FIMEEST 85 H 1.6 AMEEoT TUFeH SR A

arayg forar ST ashar g |

2.60 YRl & 3elTal, Tfeh TSI AT 3TN 38 Leld ¢eh sicdeh o A &, SHTT I
AT AT I foh TAFEH T AT 3UANIT & TeIT TQ@T AT | FHTAT, TR0 T faaR &
o ToteT 8731 # IR 31#TSeT ohY 1S 3G fcctail T SYANT 6T Y &7 &, T6T DoT shited IuNaT &
forT 3T T3 Ft 817-fafrse AT 3TTT F T TIFeH 315 Het T HHTGAT AT
Hehell & | §Tellich, Ig GiATREc fohaT ST AT fob 8 g & SYANT & YeTd o wlcdeh ol hlS
gEIATT ALl & |
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2.61 3WNFT & AeTo, FTTRIOT TGN AT

(@) 700 AIMEES o5 H 3UCTsHT 35 AIMEES (FRA) ThreH H &, 5 AIMGEST (A TFeH
AT Lol T SETHET el -2, THEY DALY + arag, M3 3mena aREgfed fFarre
LT3, AT AT Y A e o TIT e T ST TehdT €1 Teh IR & e il T dIfsa
fAraRTeT &Y Seeiet yotrelt 3R @rsa 5| 700 AT A5 7 AW 30 FaMgST (FoA) T
3TeTTeT Areret 7 sfrermedt & forw Tar S @ g

(b) &=T o Gafl ahlail (FRET FaT3it) o forw ATSAT HATRIAT JOTTR T SI1e] et & ToIT, R

o1 31T §OR -

(i)maﬁﬁvﬁ@%qu@?ﬁ%mmwa:amwwmgwmw
3T ol TOEeH H 39 HLeT|

(ii) 379} T1=0T hg TR AR AT TIRTAT ST T STt & foIT Ardeifetes qqaaR dicas
(TSPs sYedeh) T 3YANIT haTT|

(C) FHI-THY TR TATRIAT T Gshal & ATETH T TAFCH & el IR THAI I 39T I
ATRad fham ST | $Ha 37aTdT, 900 AIMEEST 35 H Ugel U &1 3SR 1 AT 91T 1.6
AIMEE ST TIAFCH TSR T TeIdIs 3R Aeas W ASIRNT & aray foram S ahar g

(d) ST foh TRRT YoTa 31967 Yeld ¢ sicash 3R TEI=AT o A1 g1 fAfese Tergar &1 3uier
FT IET BN, DoT 31T &YAT H 3T TUFCH I TS el Sl GHTTAT T IdT o bl &, AT
$itea 39ANT & AT 37 TEa3it & fov a7-fady AT 3o & A g g, a8
AT forar ST =R T o 56 g & AT A Yold & sAcdeh ol his GEETT w61 ¢ |

a. TacH 3 TSTHe ATl

2.62 ATAAT AT AT o7, 2 AT 2012 o 3791 thiel o ATETH &, 10 STTaLY 2008 Y
T 35 91, [GU 31T TS AT I TE Y a1 3R AT T ganT 7T gaa STRY et 1 3T er
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feam| AT Hafea ~araTerd & 58 0T & TeeH & qRERR T ishar 9T Ueh J37 38
gsT, [o e ATSIHE &l Ugol TATHTIh 9 I fhar arar a7 2012 F, AfFe teag d5 &
TAFECH o IATSANC oh TIT Tl Tl AT IS Y 1S & | 39T 2018 H, TTirHIOT A
700 AIMELST 35 T [affea varay Taed 83 & Taaed i el W 30T fAwriey fst|

2.63 STdTeh TFHH TUFCH I AR T AT WAT85T I ATSTAAT o ATETH T TAT 31T
TET 8, olfehel TUFCH ITATSTHC T FATA T TIFCH oeh W hited / Uisereh / HATIIA
giaw 9arsst S fF Setae afad Warssy (ISP) 3 PMTSTS &hr fAfad SofY & 31rerm o
fohar ST T & | It / arfoifoas |aT YeTeT e |

2.64 TAHATST 3, 900 AIMEEST 85 # 1.6 AINGEoT TUFCH ol 3oToh SNTHUH-3TR IR sicash
% ST 3TN o ToIT FeMATIeh YR O 3MS3TR &l JI4T AT § | 3T TIFCH o o0 TIFeH
Qeeh 3TTCN HEAT U -11014 / 34/2009-919Y (11) 3R 9T -11014 / 34/2009-9rdT (1v) feeren 22 AT
2012 & 3THR BIHET & TR W AT ATE |

2.65 TSR 1 3TR1er TohaT § o 700 AIMEEST H TUFEH ! ol Qoeh HIGT ST Fii e G&cla
forelt oft anfOrfoaren omer @ Tl B, oifehet sharer e, FRaT 3R Il giemsit &t s & faw
& | Yol AT & g Y Sool Fha § o aiefet 3 sy Harerdr 31 faed Ao & sy
Yold o 3TeRIer ohT HAY fohar & 3R 58 Heer & Tef HATCIT GIRT gl THTRC STFE Shidele
FATC 9T 37efehel feod ol Feret T 8 |

(i) 3SR R YeTd AT JUTTel o TeTT Ueh 3meffoteh ¢oT =0T JOTrell & AT a & fAereT
fonfeeher Tl GRaTr AaTT AR 3ForaaT| 3eferen go foiaror 5 g% 911 3R Yeramisat &
e 3T & SHRUT LeTd Acdeh IR ¢ol of STt ehl &THAT H g il | S8 31teh F&ar # ot &l
Teh &1 AR IIET el ux GII&TT T & HHTCAT ST HehaTT |
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(if) AT GI&T o Terw st venfafesa & @y gt & drliérdt sieas & aAreasH q difsar
GERGIIGIECRIE]

(iii) FYSTSS FER o HATCIH G JHTdToT, NS AR 37 T Ioaai i ITSHIET 3meniet
TacT faadadT, Al RaT 3R T 3R IEAT A18E AT & ol dof 3eT sicds TaR |

2.67 3191 Ugel U & ATCIHA &, HSHR o g o oo T o1 foh 3 STgTer uX ars-wrs giaer
& JTaHTeT T IREFeTAT hd g R ISR GIRT ST TIFCH ATl HY ol H ATS-HTg
& JTaeTsl W R HTdr gl

2.68 AT TalT oh HesTow, TETeRent & 3e[RIer fohar 31T AT fob & IR & RSTT & T
HRAT YoTd I TAFECH oh T T Tl (I Hige) T glelt AR, Al 7 3194 geTge
JeTe el o oIt st &, IMT 35 ugel A & AlaTso Aa3il 3R 37 & forw [FeRa & 450-470
AaEdST oI 3| AU & g o7 feouoh et & forw angr ara o o o & fanely oft el
T TTHAT FLA & TTe, ISR Selole JATU TS IRIdT § Teil [T ToldT 352 & ToIT
AT TAFEH T ITHNIT A gV g o HIT

feaurert & e fevaforan

2.69 FS FTURT ¥ Fgl & Toh ATATSoT A3 & forw fhaY 3f caraaRs WA S &r

AT & STRT HiT ST TRV | 3egiar 37T Gl fonam § o 3R 77 fovoTa foram sar g fan
IMT 83 & TUSFcH S Ugel T &1 ANTS ol AaT31T o forv [T foham 3w §, 3$31R 1 giar
ST, &Y 38 AT 7 79T o1 TR AT AT TR He T 37T il U]
fETeReht 7 & Teh A g 871 JEcI T FohaT ok Yord Teh aTforfsareh Haraet & 3R GRat 3R faasor
JUTTOIT HdTeleT o TREAT & 31X TaTelel ST ATaTd bl [eTHT B19TT 31X 3¢ 3T TIRTH I Iged el
AIRT; e, TR Hed SUH 81 &, Tl Tg ¢T$ SaRT AT IR TETT Hed I TR gl
AT 3R AR YeTd bt 3raTsAeie i fafd & 3rerelt Ao 37 @or STt arel 3R faTa 7o
3R STSIR FHod o 3TcR T AT et & Tl gl ST AT | @y 3R, 31 fFeRent A &
31ferenTer & I8 TR fohar ¢ s afe Tderca Teea (450-470 AIMES ST o5 Afgd) H TUaeH
JTafed FE= 1 AvT form IR §, Y Ffiea 3uier & fow wemafas &9 3 Waeq &
HATSAHAC & TIT DoT EGaRT 3U=ATS ITg HISTaT TTohaAT T UTelet AT ST HehclT & | IR Sheel RSTT
JaT31T o ToTT TUFCH HT ST H3; gTeliToh, TIFCH DI TATGSE 3TN o TolT SEAAT fohaT
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SITAT AR 3R 3SR T a15-01s I fohdT 8t caTaaTTas TaT3iT T IRreher adet
3TTATA =TT & STl =g v |

2.70 ek TR e o &gt & foh 33T &t forely ot ofs 3 fAfése werea & forw sfremefy e a1
3Tl h¥et o ToIT gl SITeAT =g T | Afe; Aol Hod Fo 83 7 3uetr g1 ¢, dl fsheaa i
Hed ToraT ST vl & | TS 16 T e 7 He TR forar Srar &, dr hred 7 faner off
37X T $TITCATeT AT BT | 450 HINEEST o5 & T, f¥ehed# o5 Tl AT ST AT a8 700
AMET A5 B

2.71 Ue TR o 9dl foram & fo 450-470 Aemgéat o3 7 Terer gerafars €9 8 SR
oY RATIC Hoar 9X 3MTafee feham ST Hevcll & AT IgT ek Tob HWT 3 AT ST Hehel &, Fi1Th T
ATdoTioTeh oTeT & AT | Ueh 313 RaTeIRer o gt & 13 I3 26 # 2x10 AIMGES scileh atel

IS gaR FAATAT3iT F FHA &, FAiTh 700 AMEE ST 85 1 MAE3R & v FIg amera &
TR W 3T AT fehar 37T §, NASIHR oh TTT Teres shi TaTehdl & 3HeTo T HRAT
ToTa & FIT AT T fSeahivT &bt ST ST anfg T 3R RSTTI

2.72 TRTURST & ¥ U o &gl foh 3TdcsT HIRIYUTTN T e Bgiar & fore fasget 3k k-
ﬁaquﬁq@wwﬁamaﬁcﬁﬁamﬁ@ﬁ%maﬁmmﬂa%wﬁm
A TeeTet 3R BT THFEH SleTed & e =g |

2.73 S TRl o gl foh SR YoTd ohl Terea fol: foeh FlT ST AMET | 3gcl HROT
o

i. S ATasTioleh 37eTTS o TIT fondlt it Terea MaeeT i TR I & & TRt X FFT &
forar e =g
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ii. Yordr FTTT h1 FR&TT & Forw fAereT fohfeeher argd 3R Ser hr darel & forw Teres s
3YITIT LI |

2.74 T fgeen o "Re TEReT (RAfde) 2010 & HaT 423" O GHIA HIE & BalT 2012 &
tael® &1 3gd fonar g, St e f@d N3t & deet 7 a3 ardetforen 3res & fov wrehfdes
HHTUEAT (FHR ATHS H FIFCH) Tl SYANT el i AT T &, 0T & aarar 3 g

"forseRs 7, g AT § o T o9l o &eY & §9 3 YTepfcieh FATLAT 1 hisfell Alfoieh § 3R
T 58 RAaRa et 1 31RISR &, AftheT FHaRoT 1 Uihar Ht TAT=dT & Rigid afkd
gaenfaes fAgial ganT A RIa fhar S enfgw | Stetar & 31 ¢er|

Tg 3T Tl FohaT 1T 8 o ST &, Shey TR o, STy Herdt o Forw gofr o, fraet 2 s ok
therel OX TUSEAT o AT &S G2 I 1T & | FeT YT T AT foh T AR o fia=Tor &
WTehcieh FTEISAT o fTTCTeT & Ueh HIS & & H sATell#T Teh HatiTioleh TaRTehdl AT $H W
Waﬁ‘é@rmdqﬂucﬂ* Y| G 3TITdT, 3ETId o gl o “SATTHT JSTEd Pl
TR TH T T JTH 37T AT &1 HohdT g, oA foheT TTET T 31 THdH ST §AAT STeTdT
T $TCTTS o ToIT T 3reaT AT w181 81 HebelT © | Article HTHT 3TOT 'ehicieh HATLAT &
feRoT & forT 317 39 () & g ThATT ARG ®R ¢ | [FTURe, 38 Yo, 36
faram & 7Aoo e T ATy & vt & Ao o1as gYelt 8, a s e wamest
% 3TTdesT o TlU SATATHT Sl UhATT ATACS oTal AT ST GhdT g |

2.75 TRAURT H & Ueh o Y& foha & foh Sseg3RaET -19 & IROTHAT hr Sirer i STt =mige
dTfeh TSR T INTHEIE ST IeTehl ITARTR AT hl I el o ol ATReeh §9 § WIHSET
gTel TAFCH d8 o 1Y oIreT [Fer Toh|

* glie HIE 377 33T Rt 3R TSTer sgRafse Re [érer ([@fden) 7aw 423 i1 2010 7, & = - WP (C)
#eT- 000423-000423 /2010 ICGIED) Q"T{T:lff, 2012, http://supremecourtindindia.nic.in /jonew/judis/39041.pdf, 27
SAdsR, 2017 T TFAH R a7

" &0 HTed SR HARAT I §U; 28 3FLAT 2012 FHY THIRIC;

https://www.businesstoday.in/magazine/focus/2g-presidential-reference-sc-clarity-on-natural-

resources/story/188856.html; 8 Glaﬂlé 2019 T TaFHH fohaT I T
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2.76 $H 13X fETHTUIAT H & Teh [GTeIReh o g1 & foh TeTd &l 700 AIMgEST o5 & AT
TQFeH a1 ST AT 3R 39 §1d & HEHT AeT AT foh 3SR Pl SATITHT 7 HI9T ofeT A1RT,
3T Yol FLhR U HA TR 8 | HRT R ATITRERT AT AT, SHTAT TN | AR bl AT
FLAT & | ATIS &Y IS FHST 3 37T & 31N ST 31928 T & ARTRT & & smeern|

2.77 ARATT YT & 39T STarer feeaforar 7 &gt fo

a) TUFCH 3T & Tolv Hed AUROT JUTTel! 3 I 3, $TRART 1e0d &I 700 FeEET 95 7 10
AIMEEST TAFCH T ITARTHT 81T &, F1Toh g IEATd Tl Y caraan@ss amer A IRAE,
ifeheT Shael ¢oil shT FRE&TT, ATTAAT hT FRE&TT, HTHET FeereT 3R IMSHIET MRl § Ffeet &t
foRTetT|

b) 38 &5 # 10 AMEEST FIFCH TGl &1 W&TT HATeIT &l {oFl H Iafed fru g g1 59
YohI, dT deEUdT & Agid & &1d, 3Tdes & 3T TAFEH FT 3TTahelel IS T8 ¢

C) 700 FAIMEEST oI5 H 10 AMGEST TAFCH & T I JEATT UGl 81 Shlelet R AT HATeId
caRT HgAfa ¢ leararar gl

2.78 ATSHIS [AT3T 3 ITaeneT & Faer &, Feft Raeent &1 flaaR & &6 0 $iea 3T+
T 31 1S [T 37T TFEH T 39T SATTHTh 3TN o [T 6T [T ST ATe V| Sk
37ITdT, HROUT &

a) IS IR T AT T ATS-HTS WATU Tl el shi ITTAT &, Tl TSPs & JoTed T HIET JgR
8191 31X eIy hr Garaa oy e

b) hdel AT UTCd EITHUT Sc¥eIc HATU YGTel oY Tehd ¢ | eI oTHT cATaAT A HdT
el e & T, Yord &l IfAwTes drsdd & dgd 3d witeor gred e anfge 3k
SATeITHY & ATETH { 39T FAFCH FHTLAT hl JTCd a1 AT 3 ore] Azt 3tk dar
HITCST Shl I[OTAecT ST UTelel a1 ATV |

C) SeXeTe JaT3iT o fehdly 8T JTaeTey sht Ervardy &hT AT TeTeT hieh U= T o FiAA1e! e
I TATTT e o Torw fopar ST anfg ol
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d) SR Yol o TeTT HEg Terca T HTGRTehcl RSTT TTeil T ToIaT 3827 & | ToTd JRat
3R I GR&TT A HAT $H TG AT I Gk $eTAC AU TETeT e oh VT FHSAT g1
fopar SITTaT|

e) YoId & ToIT fAer fehfeeror araw 31 3T o forw Weed &1 31de [l 3T 38T & faw
Tt fopar e Tnfgw)

2.79 AR TAd o 39T STarelt feeaforat & AT & fof Thaed &1 s 3ff saraarRes 3uaier
el Ueh eTSHH HTC qIEHAR WaT YETdT GaRT fohaT ST HeheT § | HIRA Yoid (SeTeie Harait
o foIT AaT YETaT o ®9 7 718T) Tl 700 AIMECoT 98 H Hited 10 HIMEE ST TUFCH ol
3RS Il &, SN H{W &, Flfeh Tg TEATT hall off arforfsareh ofmer & I &, 3R el
¢t T G, ATTIT hT F&T, 3TIeT 1 Tglel & [T & JeereT 3 10T 3menme Hafed
IR | I8 TWaed arftifeas waieal & forw ¢at & 31T-818 §edeic VATU YeTd il &
I AG &l

ICEELII

2.80 ST foh 33U T W1 T Hehll §, Fs RTUNERT ¥ 37 &1 ohr farer fnam & o afe Ararger
JaT3iT o ToIT Ugel T W IV &5 7 TSR Sl TUFCH TNAT IAT G, AT 3SR T ATlTHT 37 HET
AT TTET IT HHBET Hed T 3Tl hiall TIQT; glellieh, Tl fondll 31 o5 SidY 450-470
AIMEEST 35 H ISR I TUFeH ATaTed Fet T A0 forar Srar g, at i3y hficea
3T 3 FoIT TRITATAE ITUR IR FATT TS X Fehell & 3R AlSET Bl TR 9gfa
o 3TTHR Yok el ST TRl & | FS [FTLReT o gl & foh TFeA o5 i g fohu foa,
TSIE# T TSR 1 AT 3747 8, ThereH hY TRTA R & & ¥ Qoeh AT ST a0 v|

2.81 1S IR Sl T3 & YAl & I H, TR BT o T & foh TIFeH T
39T fAfese 3uten & forw foham Siar anfew 31K 3ME37R &l a1g-wrg SiaT foreT off
SATAATTASH AT T UM el Y AT AL &F STl ARV | RATT el o 3T STarel
fecaforat & org 8f AT § foh T s 1 1S 3 ara@T_Ash 39T hadl U ATSHH YT
SIHAR HaT YTl GaRT & ST HehT & | TETeent o faa & Tifereor 8l HeAd 8
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2.82 R Told, Lol HATeIH, HR T AR GaRT HeTTold ThaT ST 18T § 3 SHH omersedr
qElel & Tl TaRadsi, TRIET 3R GRI&TTT ¥eT AT YeTeT ahieh ATHATTSTh-31TTeh STeT &t
IoT e § | ARTd 9 q, FAATTH depsileh dhT JATAT &, TSR Y 1T 8191 (i) 3T T &7 aT
A GUR & &I H Al T 11T bl GRITT T A TGTAT ST Fehell & R AT €T IeR-¢ef o ol 718
{1 1 1T E& e oA TohaT ST TehelT B, (ii) Tarearereliar, FRIaTT 3R e qard Jere e,
(iii) 10T TR IREUTc FereT ehl oITI] Hleh TRETeleT HIX FeTEIeT SITaTcT sl he e
gTelifoh, f&aT & 37 &, T8 Yo TAT3TT T 3YJIT et aTel 91 Y eATeTTiead harm 3R ger fr
AT 3AcgaTUT & [aehr Y Terar &am|

2.83 DoT o 3791 TGaT H AR YoId ol TUFCH oh YRMH T 3TdcsT G ATTHI0T T FAwhIivey
AET &I

2.84 TUFH Ueh JTehfcleh HHTU § | SHPT Hed FHb ST T AR T & | T 8T
3N AT T ST &, AT ST g Hed 18l ¢ | A afOoTe Vart YT et & faw
AT TR T ITT &, T SHehT Hed 3ol B19TT| UG Soolleld & foh T HRTETT Hed TSPs &
forT Trerea &1ar Ifgd AfFesT R R faar e FuiRa fovar Srar g | Aerse danit &
Tt & T, St Evady 7 HEg cIad §, TAFcH Yo Ueeh ¢, Torddh 39T 8, fansit
T SYSHIIT UTgehl R T SITAT 8 | STfeh, ST YoTd T HTT HaArT IRagT Aa13il 3K
oAl T HTSTG el ETeT AT §, SHehT [HasTelaT JTTRIHAT ohl G el & [oIT b Sedeh o AT
TUFCH ST AT AT BIcHT ¢ of Toh TTIAT / STARTRATIHT GaRT STHNIT ST AT el JaT3iT o
T, 3T YR, cA1aaG1R—Ae 3TaRTHdT & TolTd TUFeH T 3TTThdT &1 T TaRThAT & |
gafaT, TSI T e & TR Hoa AT SuHd GaRT $aTere T 37T / 37 & SRR
$ITCATT &t & ToIT IalT AhEaTel TE1 G191 | $He JTelldl, T, hited 3UANT & folw Teres
I |91 31T §, AT FA-3METRA 1111 7 HIS[G & | I§ 3ol sl 3 81 Hehell § foh T
H IR ST 800 HIMEEST 85 H 1.6 AIMGEST o3 I §&T 3TN o folw Temafeien IMUR o |9 3127
& 3R B3NE 37 T A & FT BIHET 3MUR 91 aTal F1 @l 6|
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2.85 IWNFT o ALsTol, FTTRIOT TGN T g

a) TIFCH I hadl shieed 3T oh TolT FATHTI HTUR T HARAIT JoTd I 9T 3T
ordT § 3R aB-1S 3iTaas ST fordT off caraariAe a3l T 9ererer st & forw

oTeT |

b) $TCed 39T & foIT DoT GaRT Royalty Charges ﬁ?ﬂﬁﬁ?%ﬁ?%@ﬁﬁﬂﬁﬁ

TIF T & TR TR TIFEH edh oIl ST HhcT & |

c. s 317 Af foreeh ganT sl Yord LTE e If3at-Har qommel &t o] &Y Hevell &

2.86 IR o YoId @81 o 66000 ¥ TohaT o TTY ETCS TAX 2 o FdTeled o [olT UA-513AT LTE-R
Aeaeh & AT & Tl 700 HIMGEST 85 7 TUFH o T U har 8| Tg HRART Told A
Fesiforer gurrel hr @8 93 IRANSTAT 8191t | 4T 36 DoT garT 3eaid@ fhar rar §, Ife 700
AIMEEST A3 H 15 AIMGEST TIFCH Yold Sicdeh o [l IRTAT &, N A Far e
Celtenle HTIEIT SaRT 3E ThereH T JoT: SYANT LT Teh T ST Hehell & | THT SHTAIT & Frdiiech
GHTTAT §EAETT ATSHH UTod T &7 7 YoTd TeiAT 31K Eohiehia 3T} ol hal et & foT
YT & &I Ueh g1 TAFCH P HISTHIUT hl bl § | 3T YR, TSR F foiv R8T Tares
FHian ot SUNeT & HaaT F 3UATeT 7 | SAT, Ig [AIHqUT g1eT o 31 Tadhod & qarer
SIq |

2.87 Ueh [aehed 81 Hehdl & foh Telels-3TR TR sicaeh & f#ToT fohar ST |eh 31X Alsper
Soadt & § T & ATCIA A AT fhar 1 Th, fo@es 1@ 700 A9Mg st 838 & WFeT 87l 39
IRET H, SIUHUT TACIS-3TR HATARI oh TR W SETTEAT oldel 2 & oIt JeTd ¢h o AT
TR & [T sicaeh o [AATOT T 3R 3T TAT 58 qT0ITo T ATl o folT THATT
Mg fecal T 3TN &g R B TE ISR & ToIv Tergd 3R rcaqryfoleh Tordls-311
sTcaeh o THTAT 3UIIT T TATT IWIT| TACTS-3TR T I 0T, 3UANAT 3R HATelT shdel
TSHR & HTY 81 TohdT & STd (o TEET AR THTAT Faftd SuadY gaRT §«11T I8@T 51
GohdT ¢ | TT TE SeolTaiid ¢ foh 2017 H, GT&I0T IRAT A SATaATTAeh 39JET o ToIT LTE-R
diea o, T T garT arferd AT Yl sicae TIfHuT o KT, SHIRAT st IRt
o ToIT @1 G §8T AR dTgeh ATAd foha |

¥ 700 AIMGES H FUFCH Sl 2019 & 37 H @It dTell HRTHY FATGHTHT H DoT GART sATelTHT o folT I@T AT B |
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2.88 Teh 3o Tdehod SI&TOT SIRAT H S FhT ITT ceh & HAT HTcTol {o1eh GR&T ATeir

AT ieleh GI&T 3 3Toer Tge (MEI3) 3R Terd o ToIT Teh Tehiehd sicash 8l Gehell g |
SHET o el Tl <hr 9T o, SfaToT MRAT A 2017 H 10 AIMEES (A TIFH & AU
SATTHTTAH 3TN & fAT TerdlS-HR ol fonar| gTeiifeh, Hrdsifoteh GRaT-Teldls, Teldls-
TG 3R & AT |1eT T 1T vehiad Wrdstfoies sicad & forw 3rTseT 3T 31T 10 HAemg e ot
(GTTH) TAFCH 37TH & | TSI | To SaRT HelTTolcl hIRET IeT Sieaeh T o
HISiere & fIT KT, HIRIT T AT T T3T TIRIH HRI AN fhaT| gEAaTd T 3fefehelel
A o ToTT, AT TiTaat (/& Ao, §iaarél arem 3R aRagst #1er; 3R 3K
GR&T FATeIT; AR AGTART 3R AET HATOI) o ATeTeh HelTelel TishdT (T3 hT A=
I & | RAN TSRO Tehlehel HTdol(eleh sicaeh, HHTET TaesT @l 3R HleTeh -
HTIPRT 9fhar3it & ST grar gl

2.89 IISI3R TR STelcll I Sfeleh Siiaet & Heftrd Aarait s Teh faecd J@elr 1 qade
YT & S STofeT IR TGEAT T TG, Sfaet R et Sl G, 3Ter Tgd 3R
3maTcehTellel AfAfshard | ISR 3R Yerd, 2T Sl Teh HTgd TR JUTel T JTaRIRAT & |
Ifeh TeTd T 3T Tel Sicdeh deh HITAT &, SHTAT TG HHA 81 Heell ¢ Tob Ueh HHT
edeh ol T ATT, forgenT 3TATeT TSR & ATY-ATY Yo7d TR & forw off fomam 51 epar
gl

2.90 STTEIShOT " 37aTell YIET o HTdoTToieh HR&TUT IR 3TYET A6l (PPDR) HUR Hedeh” 9T 370a1
FAwTRel & feireh 4 ST 2018, 37aR-31ferT, A=A v famriver $:

o DR 3 S NTH-TeIIS deheiteh T TR Y-S Tehlehe silsdls NASIHR
(S-SR TR Acas (FR "TSET Ad-HERIR Acas” Sl ST §) TATad
el o ToIT|

o FHT TIFEH & 2x10 AIMEEST Pl TAels TR sii3as SIS A & fow a1
HIFE U T I HATIT (THTEU) & cTgd [aT 387 dget (THUTY) T Tsgedrdy
3rafed forar S anfgu|
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o 814-824 / 859-869 HIMECEST I IISCTATYT ATalT-HTHSIR JaT3iT o forw AaT SITeT
EUY

o TRIEFIET IST 440-470 RIMEEST (ITTAHTA: 450-470 AIMEEST) H TIFEH & 20 AIMGEST
I F1588 TASIIR o AT & faerT o forv srafed fonar sier anfge|

2.91 3R, T§ ¢WT ST FohelT & T TTTIROT o FABIRET &7 & foF 800 AMgd ol TFe a5 &
10 AIMGEST (FRH) FUFCH T Tl AR wicadh & fov 3afed fanar sw| 78 10
RIS (FA) TIFEH NASIIR o HTY-H1Y Yol HIN & TIT SEHAT [T ST b1 B |
Teh Uehel TSP 10 MHz (FTTH) TIFEH T ST &Y Tehiohcl Acaeh i clollc &< Hehell §

TS a3 PPDR TSITAT & foIT PS-LTE deATdlt 3R HRAT Y61 & foIT LTE-R deATelt § | 39 foiw
36 HATO 3R HRAT Te7d & i HHead AR AeTeh FelleleT FTshar3it (Ta3id) &
3TaeTSHdAT g1l |

2.92 AT TaT o HeeTow, TETeRent & 3[Ier fohar aram § o d $H STel TR 391 T4 HeTel
o o 3T ITRTHEICT & ToTT TSR T HTaRAHAT dehioTeh AIehi S1A- T ST &hleh I
I ST AP &2

Jhfous (i) T EuTdT 3SR & foIv TAIS-3TR sicas ol fHT0T, JaTd 3iR TER@a
TehdT §; TACTS-3TR Acdh T A T0T, 3TN 3R FaTeleT TSR & TTY g1 ThaTT

dehfeqeh (ii) ATdsTioteh FI&TT ITeil HTdoTfeleh G&TT 3R HTIET A<l (PPDR) 3N Yerd & Tolw Teh
AT Ul Acdeh (AIHTT TIFCH & HIY) &1 Hehell &, SHA: PS-LTE 3 LTE-R dAeheiieh ol
39T Y|

RAuRT & area fevaforat

2.93 @%ﬁﬂﬂﬁﬁm%m%%%ﬁ)%m@ﬁﬁmmmﬁmmm%
et fafdea Srvadt 3ms3R &1 [afdea &=t & fow Sis gena €, forass gRumasasg
IRUHEET ST TATIAT 7 3178 geTdr 3R TR grem|
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2.94 Ueh T§dYRe o gl foh dhleddh (i) Teh HHd [dhed & | 39 [ddhed & dgd, Se i Yoid
AT HRTHAE | Fafd Farii &1 fifa forar 5 denar 8, anfoifeaes 3R Fdemor et
T HfER Suad X SIST ST TohdT & | TUTU &Y STgTel W ars-%rs 3R 31 Taraft
URIRT Tl T HTHTCT ST ST Hehll & | S8 TR, Evadt 58 sicadh & fow Af#id et
T YN I TohdT g, ITH-UTH o 8131 H AAT UGTeT el o [olT, 38 YR Teh Siid ol i
T Gohdl § | RaURe o Ig 3 gt [ 37eeTac (i) T Y IaT ST ST HehdT § | §TeliTeh, 58
NG T IUANINCT o T T USSR TSIt o A1 Ueh e e 3R FAsila 1 Araegeh
greft, Fifeh Uk &1 sicadh AT Uah &1 3MTqfed & TUTeAT T 3TN Flah $J31Tel bl ol et H
g TTTRIRTUTT o ShROT GRETeleT Heel FeT shT HITT § | TSI hr Frierenior i Hisper
ARSI & 3THR, 38 YEdTd & HIHAT Hcdsh AT Sl ST o dTell s FIHRI

Toi AT T MTA et dTell Teh Sficel (AT YeT &1 ST, S fITHTATS / TAEIUIUA GarT
THEAT A 3R TR F9 A Teh (Ao Seaqdl gaRT getet i STel §1 T Tl cRishT g g
fop i Srogdt & FrAESBR 3R 36d glal & folt Aeas veia T g, Safe Qv i &
SITAATAS IUANT o ToIT TITFeH THTEAT T 3TN HLAT & |

2.95 Ueh fgcTeINeh o $H HAMT & HIY dehiodeh (i) 3T AL FohaT, St fah gr&ar PSU
3T IR & foIT LTE-R Aede &T [AATOT, daTdT 3iR T@@a Y GohdT §; ST Taeis-31R
sicae & [AI0T, 3UANeT 3R HTeTT TSI & {1 &1 HehlT | cdeh Tolls (AT GIEAN
AU T e TAFCH o Ueh TG I TCorehere-faferse 3uieit & fow Fafeds qquracdr &
AT FeTeT A Y 3T AT ST

2.96 Toh RduRe o feoqult i foh Alarger AR o afésher 3cen #ravf 4, faw & a3
S 31 4 S 7 YaTT yeT AT &, 31 5 S T 3TN ek GATIT AaTd o ereT 31| Ig
OIS Teh TaEAT o ATLTH H T T 3o fdeci FleT FITard et & folv iTRet &
sty TRl &Y 1eTATC ST § | eadh FellgTaeT AlaTgel U &l Titershere-fafrse
39T o TeTT HefeeTa auTaedT T AT TeTeT el & T 9= TUFH & Teh G ol AT
et ST ITTAT T |
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2.97 RAUREDT H A Fo o dehfoudh (ii) T FAGA foha, TH A GIaT AN Adeifeien
GR&TT 3R 3TYET UG (PPDR) 3R YeTd & ToIT Teh HATST Uehlehel scdeh (HTH-Y TUFCH o
1Y) BT Hehll §, SHA: PS-LTE 3R LTE-R Teheiieh o1 3TN &Y | Tg SEcT Teham a1 &7 fah
TFCH HTTLIhAIIT HigcT ATl 3N HATET 3fclehelsl hl Gl & ALToR, Ig [ATe 31feeh
qAgTY faehed g1 Tehcll &, BTellTeh S8 UG Il eh hidleadel Yailicral G191l arifeh 8 YA I
Teh ASEeATIY Aedeh i el ST el 3TATRTh § $NC 71C T | GETETT T eTehelel it &
forT, Fafd HATAT AT Tl TfhaT (TH3NYY) TATTAT 3T | Acadh ST IRATeT Tg=oT
T FATAT o AT AT DR oh TATIT DR T AT TS o AT @l & | AR 987
GART Acdeh o YEXWIG I LT TWT ST FheT g |

2.98 %o TRl o gl foh HTSIRTH AR RSTT wicash i fdeniid AT ARAT foharr Sirer
AT TSI Acash & frd) 3 At sicas ¥ T S fFe A & T5-3r HSds
A & TG H HIH AT AT | T Tohdly T S8 TS T A Sicash i FIaTd AL AR
|r g1 faneft 8 31mder / gEieaTT T e  Aeadh @1 3avells w8 fohar Sieam|

2.99 AT YTd oF 379=1Y STaret feeaforat & gt for Aese 3T & arofeds dAcas W
TR FEca ol TUR eIy AR GR&T Heelt &of fAG=0T 3ToANai ohY Tellell HeTd w7g1 ¢ |
TE ¢oll T FRET T WA H STel FehlT & | Tg AT H YeTd T GSM-R & el T3 T HROT AT|
S 3TeITdT, 800 MHz 88 3 RSTT o 3UHNIT o TATY PPDR o THS0T & Yoid o ATl H cqayrel
3o glet hT THTAAT & | I fAersT frfeaar oo awer afdasr & faw sfaa g g1

ICECALI

2.100 F RTEReRT F dehfedeh (i) T gaT feram §; grellish, ST 3SR Acdeh I fAffiee
Feh o TRT H STIR el I &THAT § | S o dehfeush (ii) 1 T&T ferar §; greliich, 39 fdehed
H 5 TATRAT QA 8iefl 3R Toead Fr 3TaeTFHdT 3T T%hd 3R THT W FRATTTIA &
T 3T Fehell § | 6 TEAURRT o T & fob Aeaeh i G&T FiaATud et o v, MR
Scae I TE3-3Tlldd GATT sicash o ®9 H A AT ATy, fraH fondly ot ardaifas sicas &
IR A g
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2.101 JTEHR & FECATE P &Nl 3 TG §T, S HeT T A ISR AT HR ATATA T GRafm
3R GR&T FeTe o T &, ITerenoT &7 faeR & foh 38 T, Ig 3T 8 Gehll § foh 3SR
SIcdeh Udh TE3-3Tcllel oh T H I o ThclT g | Teh TC8-3Tciled Acdeh oh ToTHTOT H s oITeT
ARSI, (i) IR 39T ATARTHATIN b ITHR Acdeh TAeh & T Hehell 8, (ii) IR T &THAT
39YeT 9X qOf FAAFOT 1M, 3R (iv) IR eaeh ol 1] o Fehell & cllfeh ATl 0TeecT i dar
(FGITTH) TG ehdT IR ATeTehl & 3HeT&T|
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ITEATI- 11I: ITHST HT ARIA

3.1 UTfeheoT I AR aarg

() 700 AIMEEST o5 H U 35 AIEES (FRA) ThreH H &, 5 AINGEST (A TFeH
AT Y79 T SETTHEY Jdel -2, TAHEY NEET + g, 3mS3ney 3mena aREufea fermer
LT3, AT AT Y A e o TIT e T ST TehdT € Teh IR & e il T dIfsa
fraRTeT &Y Seeiet yotrel 3R @ 5| 700 AIMGEST A5 7 AW 30 FaMgST (IFoAC) T
MY ArereT 7 srermedt & forw T@r S @ g

(b) &=T o GafT ahlail (FRET a3t o forw ATSAT HATRIAT JOTTRT T SI1e] et & ToIT, R

o1 31T §OR -

(i)maﬁﬁvﬁ@%qu@?ﬁ%mmwa:amwwmgwmw
3T ol TOEeH H 39 L]

(ii) 379} T=0T hgy TR AL ATSAT THIRTAT ST T STt & foT Ardeifetes qqaaR sicas
(TSPs sY&deh) T 3YANIT haTT|

(C) FHI-THY TR TATRIAT T Gshal & ATETH T TAFCH & el IR THI I 3951 &l
gATRae fham ST | $Ha 37aTdT, 900 AIMEEST 35 # Igel U &1 3SR 1 AT 1T 1.6
AIMEE ST TIAFCH TSR T TedTs 3R Aeas W ASIRNT & aray foram S ahar g

(d) ST foh $TRRT YoTa 31967 Yeld ¢ sicash 3R TE=AT o are g1 fAfese Tergar &1 3uier
FT IET BN, DoT 31T &YAT H 3T TUFCH I TS el Sl GHTTAT T IdT o1 bl &, ST
$itea 3TN & AT 37 TEam3it & fov a7-fdy DfFa 3o & A g g, a8
AR forar ST =R T o 56 g & AT A Yold o sAcdeh ol his §EETT 761 ¢ |

[R72.61]
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3.2 grferetor T fAwIier g &

a) TAFCH il hdel shited 3TN F AT JTHAS 3TUR 9T HRART YoTd 1 AT ST ThaT §
3R AE-FIS iTas ST haT off caraare Jar3it i 9erHer FHe & fore 87|

b) it 3UATAT o fIT DoT EART Royalty Charges AR TSEH e & ToIT fAUTR Brefer
YR 9 TIFEH Yoeh AT SIT FehclT & |

[IRT 2.85]
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Heleldelh |

(S 3reTeraeTent & fara)

Government of India
Ministry of Commurnications
Department of Teleconmwunications
Wireless Planning & Coordination Wing
6 floor, Sanchar Bhawan,
20, Ashoka Road, New Delhi-110001

L-14001/01/2019-NTG Date:  27.02.2009

Ahe Secretary

Telecom Regulatory Autharity of India
Mahanagar Doorsanchar Bhawan
Jawahar Lal Nehra Marg (Old Minto Road)
New Delhi - 110002,

Subject: Recommendations of TRAI on administrative allotment of spectrum to

™~

2L

Indian Railways for Public Safety and Security services at stations and in

the trains and the quantum, price and appropriate frequency band
(including 450-470 MHz band).

This is to inform that Indian Railways has proposed to install an Ultra high speed
LTE based communication corridor along their network for Train-ground and Train-
Train communication. Ministry of Railways had requested Depariment of Telecom
(DoT) to reserve 15 MHz of spectrum in 700 MHz band for this purpose and to begin
with 10 MHz to be allocated free of cost as this proposal is devoid of any commercial
gain, but only for enhancing security and passenger amenities.

The Draft cabinet note circulated by Minstry of Railways in this regard was
examined and comments of DoT were provided on 02.11.2018. Copies of the Draft
Cabinet Note and DoT comments dated 02.11.2018 thereon are placed at Annexure-l
and Annexure-11 respectively.

Later, Ministry of Railways vide their letter dated 17.01.2019 (Annexure-TIl) has
informed that the Ministry of Finance and Ministry of Law & Justice, apart from
many other Ministries have supported the Railway’s demand for allotment of 10
MHz spectrum in 700 Miz band free of cost.

In view of the comments received from Ministry of Finance and Ministry of Law &

Justice, apart from other Ministries, Ministry of Railways has requested that the issue

may be reconsidered as their requirement is devoid of any commercial gain and

necessary for effective implementation of the project on Indian Railways to enhance

safety of runming trains, provide secured travel for passengers and improve on board
it
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3. The request of Indian Railways was considered in the Digital Communications
Commission (IXCC). A brief on the issues considered by DCC is placed at Appendix.
After discussion, it was decided that the matter may be referred to TRAL The
decision of the DCC is annexed as Annexure-IV,

4, In view of the above, TRAI is requested to provide:

i. Recommendations on administrative allotment of spectrum to Indian Railways and
the quantum, price and appropriate frequency band (including 450-470 MHz band)
under the terms of clause 11 (1){a) of TRAl Act, 1997 as amended by TRAI
Amendment Act 2000.

TRAI may examine the request of the Indian Railways in the context of its earlier
recommendations with respect to auction of spectrum including its recommendation
dated 01.08.2018 wherein TRAI has recommended that all available spectrum in 7(X)
MHz band may be put to auction.

ii. Any other recommendations deemed fit for the purpose.
Encl:  Asabove,

fdle.

(M. P.S. Alawa)
Sr. Deputy Wireless Adviser
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.i"ﬂ‘ﬁ!‘lﬂix

Brief on Indian Railways’ request regarding their al for installation of Public

21

22

312

Safely and Security services al stations and in the trains

Indian Railways has proposed to install an Ultra high speed LTE based
communicalion corridar along their network for Train-ground and Train-Train
commurnication. Ministry of Railways had requested Department of Telecom (DeT)
to reserve 15 MHz of spectrum in 700 MEz band for this purpose and to begin with
10 MHz to be allocated free of cost as this proposal is devoid of any cormmercial gain,
but only for enhancing security and passenper amenitics.

Draft cabinet note circulated by Ministry of Railways in this regard was examined
and comments of Dol were provided on (.11.2018, Copies of the Draft Cabinet Note
and DoT comments dated 02112018 thereon are placed at Annesure-l and
Annexure-T1

Later, Ministry of Railways vide their letter dated 17.01.2019 [Annexure-11T} has
informed that the Ministry of Finance and hMirdstry of Law & Justice, apart from
many other Ministiies have supported the Raibway's demand for allobment of 10
MHe spectrum in 700 MHz band free of cost.

In view of the favourable comments received from Ministry of Finance and Ministry
of Law & Justice, apart from other Mimstries, Ministry of Railways has requested
that the issue may be reconsidered favourably as their requirement is devord of any
commercial gain and necessary for effleclive implementation of the project om Indian
Railways o enhance safety of running trains, provide secured level for passengess
and improve on board amenities

The request of Indian Railwayvs was considersd in the Digital Commumnications
Commuasston (DCC), In this matter, the following was considered by DCC

700 Mz and other candidate bands for LTE deployments

700 MHz band is a globally harmonised band deployed for the IMT {International
Mobile Telocommumication) applications in the telecommunications service by
various countries. In India, this band has been earmarked for the polential TMT
services which can be deploved by the Telecom Service providers. This Irequency
band is spanning from 703-748 MHz/758-803 M1z, occupying total of 45 MHz
paired spectrum (43+45), Before the availability of this band was announced, 10 MHz
paired spectram [10+10) of this band had been crved out from this 45 MHz for the
Delence use as parl of the Defence band commitment. Department is now left with 35
MHe of paired spectram i this band.

Further, TRAI vide recommendations dated 01022018 has provided the reserve
price and other conditions for auction of various frequency bands incloding 700 MHz
on the request of DoT. In these recommendations THALhas noted the following:
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313,

314,

316

37

i With the increased demand for data services and uptake of data hunpgry
applicatiens, the need tor spectrum has been ever increasing, Availability of
sufficient spectrum is crucial in achieving the objectives of Digital India’,

fi., The 700 MHz band is being used worldwide for deployment of 4G and
evolution of 5G services due to its excellent propagation characteristios and
therefore it ie one of the mast sought after band for deployment of LTE.

iti.  THRAlhas also recognised Lhe vibrant, ever growing eco system that uses 700
MHz for new generation lelecom services globally and has advocated
auctioning the entire 35 MHz spectrum, so as to emulate the success of
AT (POT) plan in India as was employed in more than 50 countries,

Ministry of Railways, in their Draft Cabinet Note had also identified the advantages
of chovsing the 700 MHz for their network which coincidently by similar logic has
been attributed by TRAL for patrondsing this band for e exclusive Telecom service
in India.

In this context, it was mentoned by Dol (in comments dated 02 11.2018) that High
frequency bands have larger propagation loss and mere severe fading: therelore,
lenwer Froquency bands  may be preferred  for deplovment  of  Railway
Radiocommunication Systems bebween Train and Trackside (RSTT) network which
is expected to cover a wider geographical area.

Further, as LTE based enhancements are available in 450 MIlz - up to ¢ GHz, as
mentioned in ITU-RE Report (Rep. ITU-E M.2418) on Description of ESTT {Annexuare
IV) and also, WFAF makes a provision [or considering reguirements of IMT
apphcations in 450 - 470 MHe; pessibility of deplovment of LTE based network of
[ndian Railways may be explored in olher [requency bands (e.g. 450-470 MHz etc.).

In response to this, Mindstry of Radlways has mentoned that RSTT deployments in
450-470 MHz band has the following challenges:

a) Limited ecosystem, no handheld devices avatlable and functonality like PTT is
not available which is must for critical communication services, very limited
market and very small number of commercial networks on LTE in this band.

b} Bandwidth limitatiom may limit the possibility of mokbile broadband capacity
and limits the use case like video surveillance and on-board broadband services,
Radip Metwork Redundancy is not possible to implement as it requires
minimum 10 MHz to implement redundancy to ensure zero point of failure,

¢| Interference challenges (5 MHz guard band between uplink and downlink).

In this context, it may be noted that in 450 - 470 MHz band, TDD plan is available
which would not require guard band between uplink and downlink as required in
FDD plan available in 700 MHz band, Further, 450 - 470 MHz band has a contiguous
20 MHz bandwidth available as against Indian railways’ requirement of 15 MHe.
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3181

ALE.L

3.18.3

a1l

Accordingly, possibility of deployment of LTE based network of Indian Raibways
may be explored in 450-470 MHz band.

It may farther be noted thal Resolution 236 (WEC-13) invites WRC-14, based on the
resudts of ITU-R studies, to take necessary actions, as appropriate, to facilitate global
or regional harmonized  frequency  bands, to the extent possible for the
implementation of railway radiccommunication systems between train and trackside
(RSTT}, within existing mobile service allocations.

To address this agenda item (Al 1.11), ITU-R has undertaken studies towards the
development of two ITU-R Feports and one Recommendation. ITU-R studied the
generic architecture, main appli.r.a.tinm, current tEthrlUlUEik'\..i, EETeTic upEraﬁng
scenmarios of RSTT and developed Report ITU-R M.2418, ITU-R circulated &
questonnaire to administrations of Member Slates, pathering information on the
usage of RSTT. Responses received have been included in Report ITU-R
M.[RSTT.USAGE] which also includes the detailed characleristics, implementations
of current and planned RSTT and the spectrum needs of RETT. ITU-R commenced
development of Recommendation 1TU-R M[RSTT_FRQ], which provides possible
harmonization of frequency ranges and frequency arrangements for RSTT on global
or regionmal basis. Copy of relevant extract from the draft CPM (Conference
Preparatory Meeting ) Report issued in this regand is placed at Annexure-V.

Based on the Report ITU-R M.2418, it was conveved to Ministry of Railways o
explore possibility of deplovment of LTE hased network of Indian Railways other
frequency bands {e.g. 450-470 MITe etc).

This agenda ibem (Al 111} would be addressed in WRC-19 b0 bee held this year, Based
on the ITU-R studies; detailed characteristics. implementations of current and
planned ESTT and spectruny needs of RSTT wounld be finalized. Also, possible
harmonization of frequency ranges for RSTT on global or regiomal basis would be
dene. This would ensure availability of radio systems operating in globally or
regicnally harmonized frequency ranges which may lead to economies of scale. In
view of the above, it would be prudent to take decision on proposal of spectrum
assignment to the Indian Railways based on the outcomes of WRC-19,

Scarcity of spectrum in 700 MHz band for commercial lelecom networks

Dol mide comments provided on 02.11.2018, had further mentiomed that while
congidering the request of Indian Railways for allotment of 15 MHz spectrum, only
20 MHz epectrum in 700 MHz band will be loft for IMT services for their Access
network. This may not be sulficient for 4G/ 55 services considering that 3 to 4 sermvice
providers will be providing services in each service area. Reserving 15 MHz
spectrum i 700 MHz: band for Indian Ratlways may limit the supply of the spectrum
that potentially would hike up the price of this crucial spectrum and could jeopardise
the growth plans of the Telecom operators. It may further be mentioned that
frequency bands below 700 MHz band are not available for allotment for IMT
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services in India. Therefore, 700 Mz band is the prime band for providing betler
coverage in rural areas.

In response to this, Ministry of Railways has mentioned that critical requirement of
Indian Railways of 10 MHz for Indian Railways will leave 25 MHea for allotment to
IMT services in India. Better rural coverage is possible even in lower frequency bands
Hke 600 M1z, 450-470 MHz.

Tn this conbest, it may be mentioned that 700 MHz band is the lowest [raquency band
in which Access spectrum may be assigned to commercial telecom service providers
in India. Accordingly, spectrum in this band was put to auction n October-2016 and
will again be offered for bidding in the wpeoming arction. Reserving 15 MH=z
spectrum in 700 MHz band for Indian Batheays may limit the supply of the spectrum
thal potentially would hike up the price of this crucial spectrum and could jeopardise
the growth plans of the Telecom operators. Accordingly, spectrum in frequency
bands other than 700 MHz band {e.q. 4530-470 MHz) may be explored for mecting
requirements of [ndian Railways.

uwirement of Indian Rai al the track on le
COVerage

Dol wide comments provided on 02112008, had mentioned that LTE hased

communication is proposed Lo be used along the Rail tracks Iaid by Indian Railways
for which 15 MHz of 700 MHz spectrum is demanded from DoT. I this quantum of
spectrum 15 reserved for Railways network, the same spectrum cannot be reused by
Telacom operators in respective service areas. This is because potential interference
prevents sharing of the same spectrum between Ratlways for covering the railway
tracks and Telecom operators in rest of the areas in a particular service area.

In response to this, Ministry of Railways has mentioned that the contention of
Potential interference between railway commuonication network and Telecom
operators’ metwork is not appropriate doe to guard band belween various
frequencies deployed in the network.

In this conbext, it may be mentioned that Indian Railways requires ils network to be
deployed along the track omly. Current assignments to Indian Railways’ GSM-R
nebtwork in 900 MHz band are alsa in use along the track only. However, constderimg
potential interference  between reilway commurication network and Telecom
operators’ network, frequency carriers assigmed to Indian Railways' network along
the track are not assigned in other areas to commercial telecom networks.

Further, in 450 - 470 MH: band, contipuous 20 MHz bandwidth in TDD plan is
available for exploitation by Indian Railways, Also, this spectrum in 450 - 470 MHz
band has not yet been planned for assig;m:'mL to commercial telecom aperators
through auction. Therefore, possibility of assignment of spectrum to Indian Railways
in 450 — 470 MHz band may be explored.
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Legality in administrative allotment of spectrum for Indian Railways in light of
Hon'ble Supreme Courd judgment dated 03.02.2012 in 3G case

Dol eide comments provided on 021120108, had further mentioned that a pc.liu:}'
decisicn is also required to be taken as to.whether spectrum can be assigned (o
Indian Railwayvs administratively in light of he judgment dated 0202202 of
Supreme Court in Writ Petiion (Civil) Moo 423 of 2010 (G case), Views of
Depoartment of Legal Affairs, hMindstry of Law and Justice, may be taken regarding
administrative allotment of spectrum for Indian Raihwaes.

In response to this, Ministry of Radlways hes mentioned that Mimistry of Taw and
Justice has supported the request of Indian Railways and have provided fevourable
comunents o the Draft Cabinet Mote cinculated by Ministry of Railways in this
regard.

Pricing of Spectrum in 700 Ml 1z band

Do tde commments provided om 02.11.2008, had further mentioned that spectrom in
700 MHz band is a valuable spectrum as the reserve price as provided by TREAI in
their recommendations dated 01.08.2018 on pan-India basis comes out to be Rs
Q8,520 crore.

In resporse to this, Minsstry of Railwayvs has mentioned that Ministry of Finance has
supported the request of Indian Railways for allotment of spectrum free of cost and
have provided favourable comments on the Draft Cabinet Mote clroulated by
Ministry of Roilways in this regard.

In. this context, it may be mentioned that Indian Raillways has sought for 15 Mile (10
MHz for the tme being) in 700 MHz band to be allocated free of cost only for
enhancing safety, socurity and passenger amenities for eternity whereas the
spectrum has, at current TRAL reeommendations Reserve Price, the potential to fetch
about Rs. 1 lakh crore as upfront for only 20 vears. During all these 20 years, it would
also fetch few thonsand crore of rupees in the form of Spectrum Usage Charges
1SUC) accruable quarterly, 450 = 470 MHz band, on the other hand, has no demand
from the Industry and service providers at present. Instead of 15 MHz spectrum as
requested by Indian Raitways, 450 - 470 hiHz band hes o total of 20 MHe spectrum
for exploitation. .

It may also be nobed that adian Railways has boen assiguﬂd Lo MHz (paired)
spectrum in 500 MHz band for their existing GSM-R based Public Safety and Security
network for which no upfront payment towards assipnment of spectrum has been
pamd. However, spoctrum charges on formula basis are payable annually by Indian
Railways for theoir exisling radiocommnumication networks including GSM-R hased
network, !
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£ Considering the above, DiCC decided to seck recommendations of TREAL on the issuc
of administrative allolment of spectrum o Indian Railways and the quanbum, price
and appropriate freguency band (including 450-970 MHz band).
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Government of India
Minstry of Communications
Department of Telecommunications
Wireless Planning & Coordination Wing
& floor, Sanchar Bhawan
20, Ashoka Road, New Delhi-110001,

No.  L-14001/01/2019-NTG Date: 10.05 201%

To,
The Secretary
Telecom Regulatory Authority of Indla
Mahanagar Doorsanchar Bhawan
Jawahar Lal Nehru Marg (Old Minto Road)
New Delhit - 110002,

Subject: Additional information sought by TRAI in the matter of administrative
allotment of spectrum to Indian Railways for Public Safety and Security
services at stations and In the trains and the quantum, price and
appropriate frequency band (including 450-470 MHz band).

Reference: (1) DoT letter No. L-1400101/2019-NTG dated 27,02.2019.
(2) TRAI letter No, 103-2/2019-NSL-II dated 19.03.2019.

Sir,

Kind attention is invited to DoT's letter dated 27.02.2019 referred above, wherein
recommendations were sought from TRAI in the matter of administrative allotment of
spectrum to Indian Railways for Public Safety and Security services at stations and in the

trains and the quantum, price and appropriate frequency band (including 450470 MHz
band).

2, TRAI vide their letter dated 19.03.2019 informed that certain documents have bees
provided by DoT, however, in arder to get more clanity on related aspects and 0 examine
the matter, detailed clarification on some of the points and some additional information &
required. In this regard, certain Information was sought from Ministry of Railways. A capy
of response received from Ministry of Ratlways vide their letter dated 28.03.2019 is enclosed
as Annexure 1.

3. Point-wise information/ clarification as sought by TRAI vide letter dated 19.03.2019
is placed at Annexure 2.

Encl:  As above, &8, MJ )

(R, B. Prasad)
Toint Wireless Adviser
Phone: 2337 2183
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GOVERNMENT OF INDIA
MINISTRY OF RAILWAYS
RAILWAY BOARD
Na. 2017/ Tele/t4(1N1 P1-1 T Dated: 28.03:2019
-
\ﬂluhs Adviser,
Wireless Planning & Coordination Wing, \ P - X
Ministry of Communications, \ (_?\\
Department of Telecommunications, St DR
6" Floor, Sanchar Bhawsn, 20, Ashoka Road, © -~ ar
New Delhi. f, P
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Sub:  Additional information/clarifications regarding administrative allotment of spectrum
in 700 MHz frequency band 10 [ndian Railways for proposed LTE Network to
enhance Public Safety and to improve security regime at stations and in trains.

Ref: « (i}Telecom Regulatory Authority of India’s letter No.103-2/2019-NSL-11 dt. 19,03,2019,
(iWireless Planning & Coordination Wing's letter No.L-14001/01/2019-N TG dated
26.03.2019

This is in reference to Digital G ication  Ci issi IDCC) decison to seek

recommendations  from  Telccom Regulatory Awthority (TRAL) for sdministrstive allotment of

spectrum  in 700 MHz frequency band to Indian Railways. The proposed LTE based communication
hackbone network in 700 MHz frequency band iy to enhance passeager Safery and i imgrove
Security regime a1 stations and in wains. TRAI vide reference (i) has sought additional information
and clarifications to get more clarity on the related aspects 1o examine the matter, Accordingly, item
wise remirks are as below:«

SNe | Clarification item Remarks of Indian Railway

systems  tunctionalities :  KMs (RKMs) connecting more than 8,000 stubors on which
and purpose for which the | 21,000 Pavsenger end Freight trains run every day o move over
spectrum  in - TOD MHz 8 hiflion passengers and | hillion tons of freight anmwally.2.25
band is proposed to be Crore passengers {(8pprox) use Wain services daily, their Safery
used by Indian Railways. and Secunty is of paramount concern and prionty for IR
Funthermore, the ever-increasing demands for inrodustion of
mare trains and stoppages from differens pants of the country
coupled with IR's limited fixed infrastructure and rolling stock
availabebiny, there is noed 10 ramp up the speed of trains
wupgrade carrying and handling capecity of the existing

I | Provide in deall he | © Indian Railways(IR) has 4 nerwoek size of over 66,000 Route |

; ' Railway networks, |
=AY o < Indian Railways & (cokns to operavionaiize applicatives around
,JI R bz Safety (ETCS leyel 2, emergency commumications et ),
4 intermal manapement [starf icati nssel
i 4. 9 ¥ monitoring. eic ) and  passenger rityfexperience [ free J
' 3 (‘ <\&‘~f&(‘ i I} Page 103
o D S =D R [ . 2 _
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hrowsing, free  awdio/video  entenainment, five  CCTV
moaitonng efc.).

% These requiremerts are highly varied in their bandwidth and
network fatency. Also, five on-board CCTV monitoring over the
maindine  requi high bandwwith (8 per couch
Farwithli. 265 Codev ).

“ Global benchmarking shows that railway operators are pezsently
Aot using such an application - the Jata is stored in the train and
15 uged far post-processing as required.

% Considering various options, IR has planned to deploy Global
Standard LT foe mission critical Railway spplication, LTE is
poised 10 replace the incumbent 2* Generation (2G) GSM-R
Technology.

i | What is the total length of
Railway rtrack in Roune
kms for  which the
proposed system will be
deployed in 700 MHZ

The proposed LTE carr Ication system in 700 MHz frequency
band is plarned to be deploved wver entire fndian Railways network.
Uniform backbone communication system will enhance Passenger
Safety, security and asset reliability applications progressively over
66,000 Route KMs (RKMs) cornecting more than 8,000 staticers and
covering about 21000 ) pessenger and goods trains nunning daily.

(i) | What s the time frame in
which 1he  gysiem &
proposed 10 deploy and
| made  operational by

The LTE back bone cemmunication system is propased 10 be
deploved snd made operational on Indian Raliways in a timve frame of
3-3 wrs from allotment of spectrum in 700 MHz drequency band to IR,

‘ Indian Railways?
hiv) What 1y the systen

Radio communication between Train and Trockside (RSTT) o
peesent s GSM-R of 2G version mobile communication system. Tt

s for the pury

' pu_wnly used by Indian

' of Radio communication
between  Train amsd
Trackside{RSTT)

has been p y deployed over 2500 Rkms on IR. On the Balance
netwosk, RSTT is achieved using AW and 25 W VHF sets.

Thus , the presens RSTT ie GSM-R& VHF sets are primarily voice
based with Raraly amy  daza handling capability of to sene
upolicatians like monitoaing alerss fram CCTV camerss from coaches,
Remete monitoring and disgnestics of rolling stock. free infosainment
el i

vl | For the purpose of GSM.
R. DoT has allocated 1.6
- MHz paired spectrum to
,Indian  Raifways  in
90OMHz band  How the
allocated 16 MHz paired
spectrum s being utilized
by Indian Railways

seed) of e present
system  deployed by
Indian Railways for the
commanication  between
Train and Trackside?

(w1 | Whar is the data rate (dats |

GSM-R 1n %00 MHz spectrum band (890-915/935-960 Miz)in 1.6
MBz paired bandwidih has been functional on Indian Rallways.
Since available specirum bandwidih is limited to 1.6 MHz in 8 spots, |
therefoce Railway specific application of Mobife Communicatica
only has been functional which includes funcr | addresyeng
(Calling 2 user by assigned finction, rater than by a fixed number)
and locarion dependent addressing. Additionally, Railway-specific
characteristic includes Advanced Speech Call ltem (ASCH such as
Voler Birvadeast Service (VDS) o commmmicase @ 3 Erip of
handsets simulancously isalsoavailable.
GSM-R charscteristics are similar to GSM 2G system in asnery]

The General Packer Radio Services {GPRS) for data communication
upto 14.4 Kbps i3 suppored by GSM-R for Saa transport in the same
wiy & with the regular GSM system.

tvir) | What in the
future/proposed data

{ Indian Railways for the

spead  reguirement  of |

1R dats speed requirement envisaged it he proposed LTE system (n
00 MHz frequency band are as under;-
o Pesh daa rate. downlink/uplink of S0/10 Mbgs,

o Peab specimi efficiency of .55 bpsHz,

Page2ar3
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i

propased system in 700
MHz band?

Which technology/system
B proposed o0 be
deployed by
Railways in 700 MHz for
communicRion  between
i Train and Trackside?

o In April 2017, Samsung Electronices launched LTE solution
on the 41km-fong Busan Metro lire T that covers 40 stations
in the region,

o In China, Huawei has deployed on - ShooHmng Railways (The
Freight operator in China) LTE communication between the
multiple locomatives (slave and driver) af the freight wains,
The implementation has resulted in the significant capacity |
wigmertation of the freight line. !

o IR proposes to take o tead by leveraging its vast network and
scale mailways operations in  evolving  delining and
Imroducing LTE of 4G/5G compatibility

{ix)

Whether such system can
operate n other frequency
hands also? If yes. what

are  those  frequency
bands!

Yes, such system can operate 1n 00900 MHz band other than 700
MHz frequency band.

(x)

Whether any commercial

proposed 10 be provided
by Indian Railwuys to its
passengers using
| specirum in 70D MHz
| hard,  besides  RSTT
communications !

telecom  services  are |

| Indian Railways hus sought for spectrum in 700 MH2 frequency band
to be allocated free of cost as this proposal s devoid of any
| commercial gain, but only for enhancing safety, security #ad
passenger gmemniies.

The bardwidih requirements of 10 MHz in 700 MH2 frequency band

| is for dats usage needs for following safery and securhty applications’

| Bacilities:

(i) Mission Critical Psssenger Satery Services & Applications
| throwigh & Modee Train Coniol System for Railway Signaling sysiem
oo IR, Modern Train Contral system will augmen wains canyivg
capacity on Railway network because of increased speed and less
fined distance between the trains. This will ailow more number of
trains to be handied safely on the same fxed infrastnscture.

(i) Video Surveillance (Live Feed) through CCTV newarks in trains |
along with Video Analytics for Passenger Securiy.

(iiij Fasier data network Communication for voice, video and other
related application like loT based Asset reliability Monworing and
Traln and way side Telemetry through Mobile communications

(Suail -GwszH i

Exec.Dircetor (Tele.Dev)
E-Mail: ed i
Fax:030-44198011-23304198
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ion sought vi

Annexure - 2

i 9-NSL-1I dated 19

No.

Clarification Item

Remarks

(i)

Provide in detall the systems
functionalities and purposes
for which spectrum in 700
MHz band is proposed to he
used by Indian Railways.

e Indian Railways (IR} has a network swze of over
66,000 Route KMs (RKMs) connecting more than
8,000 stations on which 21,000 Passengers and
Freight trains run every day to move over 8§
billion passengers and 1 billion tons of freight
annually, 225 Crore passengers (approx) use
train services daily, their Safety and Security is
of paramount concern and prority for [R
Furthermore, the ever-increasing demands for
introduction of more trains and stoppages from
different parts of the country coupled with IR's
limited fixed infrastructure and rolling stock
availability, there is need to ramp up the spead
of trains to upgrade carrving and handling
capacity of the existing Railway network.

eIndian Railwavs is looking to operatiomalize

applications around Safety (ETCS Level 2
emergency communications etc), intermal
management {staff communication, remote asset
monitoring ete) and passenger
securityfexperience  {fre¢ browsing,  free
audio/video  entertainment, live CCTV
monitoring etc.),

o These requirements are highly varied In their
bandwidth and network latency, Also, live on-
board CCTV monitoring over the marine
requires high bandwidth (8 cameras per coach
with H.265 Codec).

'-Glohal benchmarking  shows that  ratlway

operators are presently not using such an
application  the data is stored in the train and is
used for post-processing as required.

+Considering various options, IR has planned to
deploy Global Standard LTE for mission critical
Railway application. LTE is poised to replace the
incumbent 2% Generation (2G) GSM-R
technology.

(i

What is the total length of
Railway Track in Route

Kilometers for  which  the

The proposed LTE communication system in 7K
MH2 frequency band is planned to be deployed
over entire Indian Railways network. Uniform
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proposed  svstem  will be

deploved in 700 MHz hand?

Passenger Safety, security and asset reliability
applications progressively over 66,000 Route KMs
{RKMSs) connecting more than 8,000 stations and
covering, about 21000 passenger and goods trains
running daily,

(3}

What is the time frame in
which the system is proposed
W be deploved and made
operational by Indian
Railways?

The LTE back bome communication system is
proposed to be deploved and made operational on
Indian Railways in a time frame of 3-5 vears from
allotment of spectrum in 700 MHz frequency band
to [R.

(iv)

What is the system presently
used by Indian Railways for
the purpose  of  Radio
communication between Train
and Trackside {RSTT)?

Radio communication between Train  and
Trackside (RSTT) at present is GSM-R of 2G
version mobile communication system. It has been
presently deployed over 2500 Rkms on IR, On the
balance network, RSTT is achieved using W and
25 W VHF sets,

Thus, the present RSTT ie, GSM-R and VHF sets
are primarily voice based with hardly any data
handling capability of to serve applications like
menitoring  alerts from CCTV  cameras from
coaches, Remote monitoring and diagnostics of
rolling stock, free infotainment ete,

v

(i}

For the purpose of GSM-R,
DoT has allocated 1.6 MHz
paired  spectrum o India
Railways in 900 MHz band.
How the allocated 1o MHz
paired spectrum is  being
utilized by Indian Railways?

What allocation methodology

has been adopted by DoT
while allocating the 1.6 MHz

paired spectrum to  [ndian
Railways in %00 MHz band?

GSM-R in 900 MHz spectrum band (890-915/ 936-
960 MHz) in 1.0 MHz paired bandwidth has been
functional on Indian Railwavs,

Since available spectrum bandwidth is limited to
1.6 MHz in 8 spots, therefore Railway specific
application of Mobile Communication only has
been  functional which  includes  functional
addressing (Calling a user by assigned function,
rather than by a fixed number) and location
dependent  adidressing.  Additionally,  Railway-
specific characteristic include Advanced Speech
Call Item (ASCI) such as Vouee Broadcast Service
{VBS) to communicale to a group of handeots
simultaneously is also available.

1,6 MHz (pairad) spectrum in 900 MFHz band has
been  assigned  to Indian  Raillways  on
admunistrative basis for caplive usage of their
GSM-R based network.

(vii)

What are the charges being
Tevied {along with the basis for
such  chatges) t  Indian

Spectrum charges for this spectrum are levied on
formula basis as per Order No. P-11014/34/2005-

PP dated 22.03.2012(Copy enclosed as Annexure 3). |
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Railways for the allocated
GSM-R spectrum?

769,000/ - (which include Rovalty of Rs. 7,68,000/-
i and License Fee of Rs. 1,000/-). For handheld and

vehicle-mounted stations, only license fee @ Rs,
250/~ per station is charged.

[Ammnt of spectrum charges per BTS are

(viit)

What is the dala rate {(data
seed) of the present system
deployed by Indian Rallways
for  the  communication
between Train and Trackside?

GSM-R characteristics are similar to GSM 2G
system in general. The General Packet Radio
Services (GPRS) for data communication upto 14.4
Kbps Is supported by GSM-R for data transport in
the same way as with the regular GSM system,

(ix)

What is the future/proposed

IR’s data speed requirement envisaged in the

data speed  requi L of
Indian  Railways  for the
proposed system in 700 MHz
band?

proposed LTE system in 700 MHz frequency band

are as under:

o Peak data rate, downlink/uplink of 50/10
Mbps,

o Peak spectral efficiency of 2,55 bps/Hz.

x)

Which technology /system is
proposed to be deploved by
Indian Railways in 700 MHz
for communication between
Train and Trackside?

o In April 2017, Samsung Electronics launched
LTE solution on the 41 km-long Busan Metro
line that covers 40 stations in the reglon.

o In China, Huawei has deployved on ShuoHuang,
Railways (The Freight operator in China) LTE
communication  between  the  multiple
locomotives {slave and driver) of the freight
trains. The implementation has resulted in the
significant capacity augmentation of the freight
tine.

o IR proposes to take a lead by leveraging its vast
network and  scale railways  operations i
evalving defining and introducing LTE of
4G/5G compatibility.

(xi)

Whether such system can
aperate in other frequency
bands also? If yes, what arc
those frequency bands)?

Yes, such svstems can operate in 800/900 MHz
band other than 700 MHz frequency band.

{xii)

Whether  any  commerclal
telecom services are proposed
to be provided by Indian
Railways to its passengers
using spectrum in 700 MHz
band, besides RSTT
communications?

Indian Ratlways has svught for spectium in 700
MHz frequency band to be allocated free of cost as
this proposal is devoid of any commercial gains,
{but only for enhancing safety, security aml
passenger amenities,

The bandwidth requirements of 10 MHz in 700
MHz froquency band is for data usage needs for
| following safety and security
applications/ facilities:

i, Mission Critical Passenger Safety Services &
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Applications through a Modern Train Contral
System for Railway Signalling system on IR,
Modern Train Control System will augment
trains carrying capacity on Railway network
because of increased speed and less fixed
distance between the trains. This will allow
more number of trains to be handled sately on
the same fixed infrastructure.

Video Surveillance (Live Feed) through CCTV
networks in trains along with Video Analytics
for Passenger Security,

Faster data network Communication for vaice,
video and other related applications like [oT
based Asset reliability Monitoring and Train
and way side Telemetry through Mobile
communications.
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Government of India
Ministry of Communications & IT
Department of Telecommunication
Wireless Planning & Co-ordination (WPC) Wing
Sanchar Bhavan,
20, Ashoka Road,
New Delhi-110 001

No, P-11014/34/2009-PP (11) Date: 22 March, 2012
ORDER

Subject: Royalty charges for Assignments of Frequencies to ‘Captive Users’ (users being
charged on formula basis) including all Government Users, involving
Multi Channel Operations for Fixed/ Land/ Land Mobile Stations.

In pursuance of Power conferred by section 4 of the Indian Telegraph Act, 1885(13
of 1885) and in supersession of this Ministry’s Orders No. R-11014/26/2002-LR dated
06.05.2003, No. R-11014/26/2002-LR dated (1.04.2003, No. R-11014/4/87-LR (pL) dated
20.07.1995 and No. R-11014/4/87-LR dated (9121987, the Central Government has
decided the following Royalty charges for Assignments of Frequencies to ‘Captive
Users” {users being charged on formula basis) including all Government Users, involving
Multi Channel Operations for Fixed/ Land/ Land Mobile Stations:-

2, Anmunl Royalty is calculated as per the following formula and rules:
n
Annual Royalty (in Rupees) = Y M;x W, where n = no. of carriers.
i"1
i.  The Basic Royalty (M) given below is for one carrier frequency in a Basic Link

{simplex} of 2 Fixed/ Land/ Land Mobile stations (1 station for broadcasting).

il.  Duplex circuits (with two central frequencies) and Semi-duplex circuits shall be
charged at twice the rate of simplex (single central frequency) circuits.

iii.  For multi-frequency circuits, even if operating in simplex mode, the Basic Rovalty
shall be charged for each frequency separately.

iv.  For the purpose of charging Royalty under Table-B, the Bendwidth Factor W shall
be as per Table-C, given below.

v. For all carrier frequencies, the chargeable bandwidth shall include the Guard

Banas required to be provided as per ITUs.

vi. The rates of Royalty apply to the specified polerization(s) of the assigned
frequencies.

vii. In addition to above, the explanatory “Notes” on the applicability of royalty
chaxges, are as following:

s To determine the "Maximum Distance' slab applicable to a case, the
'maximum power rating/ assigned' of the transmission equipment be
considered, and expressly recorded in the assignment instrument Decision
Letter, Agreement-in-Principle, or Wireless Operating License (DL/ AIP/

WOL).
\k%*
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Royalty Charges for Multi-channel

* The duration of a radio frequency assignment will normally be one or two
years, If an applicant desires, and frequencies are available, the duration of
assignment may be fixed as three or four or five years.

* Before jssuing any DL/ AIP/ WOL, full amounts of Royalty shall be
xglr:ltted by the applicant in advance for the entire duration of the DL/ AIP/

* For all assignments of frequencies, all applicants or users shall pay the
applicable Royalty, License Fee, etc. at the rates and terms in force from time
to time, all previously paid amounts being adjusted on pro-rata basis.

Table-B For ZB ‘M’ Factor

o e | R
Network would operate”
M
1 <= 2 1500
un <=5 3000
m >5<=25 6000
w > 25 <=60 12000
v >60 <= 120 22500
Vi > 120 <= 500 37500
vil > 3500 50000
Table-C for The 'W* Factor
swunq;mm&m Values of W
Up to and including 2 30
More than 2 but < =35 40
More than 3.5 but< =7 60
More than 7 but <= 14 %0
More than 14 but < =28 120
oy 120+30 x (Excess bandwidth to
B MHz /T) @

@: That is, in steps of 7 MHz or part thereof.

viii.  Any “single channel service” that uses a channel bandwidth in excess of 375 KHz
shall be covered by Charging Table-C above, where the Bandwidth Factor “W" is
used from the lowest value of 30 onwards.

3. For Charging of “Licence fee and other fees, Surcharge/ late fee and Charging

Methodologies for Royalty / licence fees, Order No. No. P-11014/34 /2009-PP (IV) dated
2204 March, 2012 shall be applicable

Mv
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Rovalty Charges for Multi-channel

4 This issues with the concurrence of the Wireless Finance Division, vide this Dy,
No.482/5r.DDG(WFF), dated 19/3/12.

5. This Order shall come into force from 1st April 2012,

W
(Viroch Goel)
Deputy Wireless Advisor
to the Government of India
Copy to:
1. All concerned
2. Wireless Finance Division
3. Wireless Monitoring Organisation
4. Director, IT DoT for uploading on DoT website
5. DWA(ASMS) for uploading on WPC Wing website
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Government of India
Ministry of Communications & IT
of Telecommunication
Wireless Planning & Co-ordination (WPC) Wing
Sanchar Bhavan,
20, Ashoka Road,
New Delhi-110 001

No. P-11014/ 34/ 2009-PP (TV) Date: 227 March, 2012
ORDER

Subject: Licence fee and other fees, Surcharge/ late fee and Charging Methodologies for
Rayalty / licence fees for “Captive Users' (users being charged on formula
basis) including all Government Usars.

In pursuance of Power conferred by section 4 of the Indian Telegraph Act, 1885(13
of 1885) and in supersession of this Ministry’s Orders No. R-11014/28/2004-LR dated
23.03.2005, and No. R-11014/4/67-LR dated 20.07.1993 the Central Government has decided
the following rates of Licensee fecs, and other fees, Surcharge/ late fec and Charging
Methodologies for Royalty / licence fees for different types of Assignments of
Frequencies to ‘Captive Users’ {users being charged on formula basis) including all
Government Users. -

2, License Fees

Sl Type of License Annual License Remarks
No. Fee, Rs.
i Fixed/ Land Station 200 Per station
ii. Land Mobile Station 250 Per station
iii. | Captive paging (Hub) 2000 | Per Hub
w. Maritime Mobile Station (fishing trawlers) 500 Per trawler
¥ Maritime Mobile Station (Ships} 5000 Per ship
vi. Aero-mabile Station 5000 Per aircraft
vil. USR (short range) 250 Per station
viti. | Fixed station of Microwave links/ Radar 1000 Per station
Station/ NLD station/ BTS
i CMRTS fixed station 500 Per fixed station
% CMRTS Mohile Station 50 Per mobdle station; vehicle
mounted or hand-held
xi. Fixed station in Satellite Natwork, e.g, 1000 Per Fixad Station
DTH/ Teleport/ DSNG/ NLD/ ILD/
DCP/ IP-II
xil Captive V-SAT 500 Per Hub or Terminal
xitt. | INMARSAT 250 Por Mobile terminal
xiv, INMARSAT 500 For Fixed terminal

NOTE: Liconse Fee for standby sets shall alss be charged at the same rates,
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3.

Licence fee, Late foe and Charging Methodologies
Fees for issuing duplicate copies and License Modification

SL No. Type Fee in Rupees
i. | Duplicate copy of License (Without 500
Schedule)
ii. | Duplicate copy of Schedule(s) of a License 500
iii. | Duplicate copy of Renewal Certificate 20
wv. | License Modification 1000

Charging Methodologies for Royalty / licence fees:

No radio frequency be assigned, reserved, or blocked through a Decision
Letter, Agreement-in-Principle, or any other instrument of like nature unless
the applicant pays, in advance, all applicable license fees and royalty charges
for the full duration of authorization/ assignment of the radio frequency, or
minimum of one year, whichever is less.

Upon successful processing of an application requesting for an assignment of
radio frequency (RF), the applicant be informed about the License Fees and
Royalty required to be deposited by him. These shall be calculated for the full
period of the requested assignment. Where the period ks greater than one year,
the wireless user/ applicant has to pay the license fee and rovalty in annual
installments in advance every year.

Immediately thereafter, but in no case later than thirty (30) days from the date
of issue of the said letter, the applicant shall pay the charges for issue of
License/ DL/ AIP, if otherwise permissible. If, on the cther hand, the payment
is not received within this period of 30 days, the application will be treated as
cancelled and the frequencies shall be freed for being assigned to others. If the
same applicant wants to subsequently pursue the application, he shall be
required to submit a fresh application.

The amounts due for different periods may be determined as follows.

Royalty payable from the
e | Mt | date of DL/ AT/ WOL, 35 Method of payment
pe the case may be
One manth or | Atspecified jAnnual royalty divided by || Lcerse fee & royalty fo bo paid
g L ol 15 DLfAIP/ license,
More than one . On pro-rata basis. However,
:n\onthbulupri‘:’:a?dplﬂdlmthMh —-do ~
one year TAME. Baken as one manth
Pay the L/foe plus Royalty for the
Maore than one | At specified [ 1 o) ""’;'_nﬁf"“ entire duration in advance at issue
ear flat rate. month of DL/ATP/ liconsse, OR pay it in
= ken & one month, annual advarce instalments.

In case the licensee defaults on one of the annual installment payments, all the
remaining installments shall become immediately payable.

Vs

U
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Licence foo. late fee and Charging Methadologies

vi. A Licensee shall be responsible to apply for the renewal of his/ her existing
frequency authorization or wireless operating license (WOL), within a period
of thirty (30) days before the expiry of the said WOL/AIP/DL.

vii.  Surrender of a License/ AIP/ DL: Spectrum charges are payable minimum for
one month and thus on surrender of licenses the Royalty charges in excess of
one month can be adjusted. However, any monetary refund can only be made
if the payments have been received for more than one year and surrender
results the Royalty charges in excess of 1 vear. The word “surrender” in this
paragraph shall mean surrender of 2 complete License/ AIP DL with all its
frequency assignments

5. Surcharge/Late Fee for Late Renewal of Wireless Station Licenses: Surcharge/
Late fee for delayed renewal of various licenses shall be levied on the total amount due
{i.e. license fee plus royalty charges) @ 2% per month or part thereof, subject to the
minimum of Rs. 250/ per license. In case the delay is more than one vear the said late
fea shall be applied in an ammually compounded manner.

6 This issues with the concurrence of the Wireless Finance Division, vide this Dy
No.482/Sr.DDG(WPFF), dated 19/3/12,

This Order shall come into force from 1st April 2012,

\ ‘) 5 l- "
(Viresh Goel)
Deputy Wireless Advisor
to the Government of India

Copy to:
1. All concemned
2. Wireless Finance Division
3. Wireless Monitoring Organisation
4. Director, IT DoT for np]mding on DaT wehsite
5, DWA(ASMS) for uploading on WPC Wing website
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