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Abstract

In consideration of rapid development of info-technology — such as
5G or Internet of Things (IoT) — and in compliance with review and
revision of telecom regulations, this research would collect related
information and propose amendment recommendations with respect to
policy or regulations to National Communications Commission (NCC) as
reference to policy-making. The research processes are break into three
parts:

1. Investigating related policies, principles of spectrum allocations
and technical standards of international organizations with regard to
dedicated telecommunications in AMI -~ PPDR and railway
communications.

2. Collecting policy considerations, legal framework, supporting
measures, regulatory changes in management of dedicated
telecommunications around advanced countries.

3. Reviewing current legal framework and industry needs in
accordance to stakeholders’ opinions, and proposing our suggestions
regarding regulation amendment, and policy to NCC.

In many countries, the decision still remains about the dedicated
telecommunications network should run in its own spectrum or in public
airwaves. The decision to base the UK’s ESC or US’s FirstNet on
commercial LTE network is an important precedent, but thereare ongoing
discussions around the world. The emphasis is on “guaranteed” rather than
“dedicated” in network, except for the critical voice networks.

Under current legal framework and international trends, our
suggestions as following:

1. Genrally, dedicated telecommunications network shall not connect

to public telecommunications network. In considering the trend of

operating dedicated telecommunicaitons network partially or
X
AT FEHARFRSHBE A TR fied



wholly on public spectrum, we suggest to deregulate the
connection between dedicated network and public network.
However, the dedicated network shall not provide services to
public.

2. We suggest to reconsider spectrum usage fee in order to promoting
spectrum sharing and spectrum efficiency among dedicated

telecommunications network

Xl
AT FEHARFER T HEE A TR E g



$-& MR

FE k- TR AP E ’%%iﬁlﬁfﬁﬁﬂ%ﬁ‘%%
# (Internetofthing) %> 3 T R A E F M2 H 209 Ko v oh
RFL A B R ¢ 2B AT R ~ BRAFHE - HA LA BH
SRR FREAET R TR C BRETRER LRG3 H P
FrEY TR (TR E R G g

REFBEOECEL R R ITRANIIFZFAFE LT ApE B
Y EFFET R fida 25 Ldh TEUTHKAHZE K
(Advanced Metering Infrastructure > AMI) > B e3F o T E AT 4 ¢
"Rz FP o BEEe 2 AR LR~ RE
BTt EFTH ¥ ox% 22 ¢ (Public Protection and Disaster
Relief» PPDR) i 2 % R ¥ %3R4 iT & XL FEARB 245 o

FEMETREFT R BT L R GET M

AMI G B ATE T R ERR (smartgrld) WERITELIRG P
T RR FRHIGHE MR B 5 - BIMAARE A AMI
AR SRR E A R (home area network ) 7 ZR:iT F &% 4§
(neighborhood area network) » = —‘F'f WERIER S PHELTERDTR
ﬁ,@ﬁmmﬁﬁmﬁi?ﬁ frhz il THZBET L LEER
BUL R ] AR (SRS F2ORR) S22 17 A
PR o € T 4 R (power line communication ) ks @ o R
MWERT A 6 W2 AHBHES FEHAmAEER 2 # 1 1e £ AMI 2
RABER BTN EHE T TR B DR G

TR LD DA R E L TR RE S AR RREET R
pail

MEYTEHZTZPM PR TR2FATETP LR TRFLTR

A2

@
Lo

“3\\-

! PurvaAdke et al., Spectrum Needs for Wireless Smart Meter Communications 1-2,
http://morse.colorado.edu/-tlen5710/11s/11SmartGridSpectrum.pdf (last visited on April 24, 2017 ) .
1

AT FEMABFR MBS TR EREE


http://morse.colorado.edu/~tlen5710/11s/11SmartGridSpectrum.pdf

IR B A FRE %
BoRWG ARG EY FEFIKEP DU o 2R o RS
T Tof it BMAFEATRE *
WHERET LAAMAR R AP R TR RE RET R L2
blde: TEZFH 36 S 1ATRT R
=h
u

U3 e

RRAMMATREET TG, SREF T ERT T oRE
b
]

3 R

SFIRTUAPHEEEFER o BT A EFHEAPHE - R
(MWMWHMQﬁ Poid g B F e & AREITR BRI GARE BT
B MEY T EE 56 10T & 37230 2 ez 4p
aﬁmﬂﬁi’ﬁ%?%ﬁmi@@?$&%®%*?f
B2~ FIpE R S %3( PRItk ~ E

Pife s EILE ERIEY A FTTHEEARSEG b ) o %
mﬂﬁgiiéﬁﬁﬁ’TQ@ﬁ& g 2 PF
AFEZJITHAAZLL  XH\FRPMIREZL B

1)

¢ ffde T

SR A R AL AR

= B RA BRI LB CRC R I R R R A A KR U R
it & ¥ 2k 4 KA PR ML STIE SR AT h

Ji 4
ML A

TR KR AEY A AT
Bl 5771 R

A2 FEMARFE B MBIE A T F g



CH e

AT 2ZRRER[|ERGEDTEZ T S EREFTAFY
2 AT (RAB2FEFAT 3 2H ) - Fy 3 iEHig v
LR ERCERE S A ER (1)&?&3&*@1&%,#L(‘-?PP"‘%%E)’(Z)
ARET T EFRARE A E2 050 F AR (3) REABTERR
#(A) ABes ME® 222 56 loT % 478 U piez 4p b se i
o AEHRGE HONIREN L o 2 (B) AERRG MR R
W2 R R AR ER S FERER ZRARE (FRIRBEE S F A
#\1;‘ #E Fyrfe s F IR ‘Tﬁ_‘ EHIER 2 FTTF EARS ) A0 (4) B
PERTLZFRAIMAAF L (5) RARE Y TR IRF L
Hig TR NER

« BN A FI R « §RA B RSE %“E

CGEMBIEIE ‘B #Iﬁxﬁﬂ 15
- BDES BB AR b S N T N

ERTEERBERER
A BURER A

-BEEBOTUHZERSE
SERBOBEREFRE
- PRI IEERE

TR kR Ay p FHIE
B2 5m% 2 itHh
SR AT 2T i ARACT

LA Fe g .Mw*ax@: SEEERTES R

}ﬁ’ﬁ]%q”%}% R éx};?)r S A B @#g:’m_—.?frll % F BT IR
@?%?%L@?’éfkﬁﬁ%iﬁﬁﬁ@?°rﬂ’?
M B * R FEBH (Ble? B aidf by ) o~

AT EMARF BT MBZ A T F g



BRARLE BT RN -

BRMERLIP] 1 U ATA e A > A (1) PR ERT M
L% 12 5G - loT 3 AT8 i 2 dp b 5o i = ~ SF 3
HB:EAEENS > 2 (2) RERRG MR T2
T PR AR CFIREH S FEREZZRGEIAT (I
PRARfE R ~ B AR M S Prpe c EIREAE - BRIE Y 2 AT
T EARRE G ) o

ﬁ

ARBPERRLEFONIM AL G R AP RBE(Y
MiA 2Rl at g2y WEFIT MG RS
# W2 L 0 AN AR F R F Rk ¥
4wwpf%wamé VR BRI L DL 2 o

A ATEMARFE MR TR e



| mERAERRALALERRNE |

~4 BB (A) Pa,4 B B R (B) |

AEsa A EA TR ASG oTEH BN

off 4% & &

g g e | CEARAMREREEFR2ARAE 4
w2 A R EEHIETE . g
gmzﬁmﬂﬁfm RERARBIERER || g o . Grmp A AR B

v
HEASRECEEANAE E2E2 E KRR

HERBARTHR  FPHBETRARA  LEBLOMAHIRBADY  HERRAAENR

BEAEE2ZRAARLELER

AREREE SRR ALY

o S - A5

- S

AAEREEFRRBRER SRR

TR KR Ay p FHIE
B3 FHERAFE

Ay 2R AP R 4 RN T R AP A - o B
TREFEFAHFA O (1) RARESS LERTG BB Y T RATEE R
PO AR AR S e s HERBI 2 B EDN S B F LN AMIFET
4 PPDR 2 £ % 2RIFZ BB 2 E = BL* T ¥ 485112 (2)
LEF TG MY TR ELLF RN RAF LI RS g
PFFEI Y RL LN A IR e ARE Y TEFER
B A X2 L7 AR FRNARE ?';?Iﬂ_#’f#f/i—*ﬂ,@;fi‘f
e

AT EMARF BT MBZ A T F g



9

106 #

{78 P

11 12

5 5

- CREEHG ML

w;ﬁ;5ex
0T % 3783 21
Pz 4p b T K
o~ AR ARG
PR G

%R B R M

-~

(&)
=
I

Ju

W
Ne
&

# | @ i

O
e
_‘3‘3}

4
P2

S e

%

{ﬂ

P

e}
~ # B

p-3
=
| 3
=k | B
?\E o
B

|t
s
-
%
W

i

j=q

SRR,
B |
R o
poR |
LW @k
?\E o
ok

Tl

A

5= &

f' Kk Y # 1T
M4 AR R B

FEH & F B F

AETHABREEFEF HET T2 56 0T ¥ 478

»

A2 HEMA ﬁﬁﬁ%*“?ﬂlﬁ]/ AFRLERe e

23 2




MK e ARG E FORE S 2 LR PG MR TR
2 FrkF 2 IR FIEMREZ FRRLIN  UEERE LS
Z M FCR e AR RR R PSR M2 R B TR LR 2
LABR > TR ARFRAL B RD g2 £ -

Bk AR R A RS Y TR PR 2 kL R
TG G LTHL FEARE RN HEED

Bt AFTMRNARE Y TEFRE LR RETER > By

IEBHRE R TP EE R BT A B A EARTEE
FERE A @R TR & A fe o 1 A ARAL

AT FEMABFR MBS TR EREE



SR AT R GHERE RN R
$- & AMIFET&

-~ HERE

IEC 62056 # ANSICI2 % p # B ¥ * 2 il Jhid G R - 5% 5 5
AR ERY O BERFENENE T o LGS LR ANSI CL2
e I o

R & FERIOT SR AT R e AMIE UG B2 R
P 2 0% 2 o UtilityAMI £_% - B>~ AMI 12 2 DR (Demand Response )
MR E RO ZmEd 29R I F 2P es >+ 5L Mk

EEF 0 R RA N FE AMI Lﬁufpv

-4 AMI 3R > 2R E T - Pt e AMIL B 18 F 13
(high-level requirements ) i & TR T ik - A 5 5 Jaenizdy -
HeZ REHNPI8HE R FIL 4T 4

% 1 UtilityAMI 2 AMI % f4z8

& R L
T A 6 RRfrE AR 2 BRI OF
( Standard Comms Board el o fogt ¥R F A e e 3R T
Interface ) PR LAE - R A
[l SN Sl RERE R FRAF|FTALFRT 2
( Standard Data Model ) B R R R o

> (Security ) B SREARE, A ERT AR KLY T

7 2k % & ( impersonation ) ~ i %
( modification) ~ £ ;& (replay) ~ ¥ &
L sz # (man-in-the-middle ) 7 % sﬁ;«,%@
(eavesdropping ) % s2# -

%r‘%’}g?\;% ?.‘éj» };H'\#m‘}b rip%'“/P%r\a’m

( Two-Way 24 ¥ 34 AE (reliable)-

Communications )

x5 7 #4 (Remote FOLURE{ATER AMI kAP 2
8

A EMARFRMBE A TR E e



& R B

Download ) BT E TR BN DEFEE I
'g_a °

T % (Time-of-Use TART M RpIE R OPERE IR & B id

Metering ) * g o

Frogzisi THRT s i g X0 Y

( Bi-Directional and Net & * & (netusage) e

Metering )

(e A S

FOUEEFIN 45 A b enF T P g

(Long-Term Data Storage) | * & 7 = B 1+ aid i o
Ty TR SRR -

( Remote Disconnect )

PrRE
( Network Management )

Y
( Self-healing Network )

R R g ® (Home
Area Network Gateway )

£ % =3 (Multiple
Cllent )

T & FRE (Power
Quality Measurement )

T AT AMI s 527 vt i pl 3 2 4R 2 G5 % e
( Tamper and Theft o

Detection )

#r 1Rl (Outage AMI s So7 12 815 2w 4R F 5 E7 R

Detection ) FikERE A o

¥ ¥5 & 1+ (Scalability)

p # 2 i+ (Self locating )

21 £ B P Ko

ANSI
http://km.twenergy.org.tw/KnowledgeFree/knowledge more?id=178, # {3 /4] %@ p

Cl2 ¥ IEC62056 4~ 45 - #& > available

: 2017/07/05

9

AT FEMABFR MBS TR EREE

at


http://km.twenergy.org.tw/KnowledgeFree/knowledge_more?id=178

t":- *ﬂ_ﬁ-"’v W d > AMI 15 = ﬁ]’:'l*}ﬂ\-ﬁ*rp ] j%ﬁ‘h«}i'ﬂ‘ﬁxd ’
AL T RY > 45  ME AR LEAPFTF yfé%’“w@
HEE L F R R oy EH 0 FRE AT AR 0 2 R
4 G- o EEAEEE o A RZ ITU F % 2 2235 % 2 0 & it
IR Yo T

L2 F A i R IR

TS R EY # W

ITU-T

G.9960: %

ey bl

TuT s 4 s R
| GIX 7 7 iad i
Pl Pl (rPLey; | & ibee - ERE- T
P RS L ke | (PLC): | Zlgbee [y
#oO|EE v o oo | e s s | LONG-Range | 777
i | (NB-pLC | 7 RS | BEGRS o G0 LRR ;| B R
e [omuT |7 P RERE g “4%5" wA
; G’9959 ; (LPRF) | Mesh ~ T 1 ( SRD)

ﬁ;g o | P35 | Zigbee e

.

s | AMI & 5

3GPP i i #i R

N o

|EEE 802

A Rk R ﬂ\FI ﬁ_fﬂl_
=~ HEFARR

(=) & B AMI R Hpesr g * 43

§ 3 AMIGE U8 2 s B E 357 F > E a0 g eF )
FH U A BREIMRL AMIE RS EE > A RT A L&

REGRAFE o7 £

8 |ITU-R SM.2351-0
10
A2 HEMA %Eﬁ%*“?ﬂlﬁ]/ AFRLERe e



%3 § AU 2 AMI

3 ML @ W AR RLES
T4 & (PLC) A} EFF ¢ FL
B * e (DSL) 155 2 2 P
mdr kg, (PON) |60 22 iR
7k &k © Applied Science?
# 4 m A N2 AMI
# SUL R B 19 55 R B R
P % ® (902-928
' : d e (hops .
( Radio 902-928 MHz &i&ii PS)| MHz % 4 3 pe o
Frequency ,RF) )
R S ijlizl\//l I;szo/ o 10-50 2 ¢ | Bl (433
# (LPRF B MHz #. 3 pe A7 £
P (LPRF) MHz / 2.4 GHz LA RAE)
GSM 4 &
Bratdse | |11022 EN- N
#. (Cellular) SR 3G 4G 7T i | ¥ B+ £
50 =~ 2
(% (915
) 868 MHz/915 MHz/2.4 GHz ) ~
10-1000 = = ,
Zigbee MHz/2.4 GHz #H (868
MHz/2.4 GHz )
2.4 GHz/5.8
10-1000 = = 24
WIFI GHy B
7k %k © Applied Science®

(=) BB AMI 2 25

BOE L g T SUR R )
22013 & 11 % o d en D fed Pavpapz 2 £ 472 (RSPG
T $ R S0

RSPG)

Report on Strategic Sectoral Spectrum Needs) # ' » 4 &

4 Uribe—Pérez, N. ;

Hernandez, L. ;

de la Vega, D. ;

of Smart Metering in Electricity Grids. Appl. Sci. 20186, 6, 68.,

5 1d.

11

A2 HEMA %Eﬁ%*“?ﬂlﬁ]/ AFRLERe e

e (Radio Spectrum Policy Group,

Angulo, I., State of the Art and Trends Review




F A BB EERE RO A G LR

£ HIFTR ] s o A e > PMR $ 8 (Private mobile
radio) ~ # & 4gs (fixedlinks) ~ S EFE 2 (M2M) ~ 75 £ 4134 & 50
g 52 (Commercial cellular networks ) ~ Z&jE3tz # ( Short range devices,
SRD) # 7 R & ETRaRRL > %7 R w2 7L FET S
* L o

ARG B JT ) BT T A GFAE AT U T E D e
e1% 78 1 169.4-169.8125 MHz(#f % i 2 4 i & ¥ )~868-870 MHz~870-876
MHz £ 915-921 MHz ; 24 GHz /58 GHz (#F& 5 i 4 <) ;7

R 4o GSMNLTE B (4 B & e B2 pﬁ‘«?\!«;ﬁﬁ‘«?\!«:éﬁﬂ%%?;\ E 2 ¥ (ad hoc)
R EAE Y &R [EA 2 % (Private wireless solutions ): PMR/PAMR >
% HF & UHF 4 80) o

(-) %R

2 W 2007 £ B4 A ET Rorc LR L & d W RIVE F 2
HoARREF AU o 22 % 0% 130 0 Ak
MT L IETREALER F 2 LT o 3 D AREL RIS
RERFETFEVE SELAAME > FREFETRILBERE U E
TR T RRFTHAE T4 22009 £ - £ WERpoipdado o T kg g
F F = %, (American Recovery and Reinvestment Act of 2009) - { i&-
HEEGIBHE~ I THET P FTA e, (Smart Grid Investment

Grant, SGIG) % 6.85 fa % =t TH&ET 7%, 0
FEANTGAHEX (AMI) 5 A ER T s (smatgrid) # &
2akch- Tk SGIG 3 » F 30 5 AME ToReha i (5 5 WE T $ 5 & pF (real
time) P 4 '3 T3 o 4e& 54048 15 248 - 30 ~ 48 60 A~ 4ERE E
SR TR S ERTROR/MRE > U FRREREE T RS

e R o RAET AR > T ET Rrcila- e

¢ Department of Energy ( DoE ) , Advanced metering infrastructure and customer system.
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Electric sl Advanced
Distribution $7'9 billion Metering
System shared public and Infrastructure
$2,191,000,000 private investment 34’439'000’000
Customer
Systems Focus of This
$780,000,000 Report

TR KR D E R R
B 5 %R SGIG 4 * » AMI +* i
SGIG:# ¢ 7 5920 g% ~ & * 1 i >M4&F 1,600 § 4 &£
TARVERARE 23 H 2012 &2 2 E 0 F 4000 8 £ ME T4 -
7|7 2014 # > SGIG = HF 79 mF ~ > HP 44 igE ¥ 30 % 1630
TLTELRK-

AR TR 2 A E T A VS
FIEE o IR RT S BRF R ERTETIR o RINE A FL e
P RET 0 ERAE T AR iE S R 2007 EATE T R 2
AOrEFERKEEN G N247T5 4030 2015 & ¢ E= & 1 6474
Fad o b Take43% o ANA N E] s dode L B EE A S g F]
% AMI 7% % 5 3 1 4248 80% -

FTHERAMIGE 2 0 AMEGE 3 s R7P A 5 a B0 (1) Ji

T4k (smartmeter) 3| ¢ B ficdyplc B8 (e T b S ) o 12
<D'Lﬂm&%ﬁ%%;: O R RS At
;{/4 é;{; ‘;J P&ﬁi%p’{%% 2 E,b_f,"; s d %&’?‘T}J—@%*]‘E"J ® 3@%&1&

=

i&? v Fi g AEHE (RF) ~ Zigbee & 2 5% 5 Am ¢ B dicdpjc § 213

" Department of Energy ( DoE ), Advanced Metering Infrastructure and Customer Service — result from
the smart grid investment grant program, 2016, available at
https://energy.gov/sites/prod/files/2016/12/f34/AMI1%20Summary%20Report_09-26-16.pdf, (last visited Jul.

5,2017)
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https://energy.gov/sites/prod/files/2016/12/f34/AMI%20Summary%20Report_09-26-16.pdf

PR R B d Tt B SRR T R BT SRR ALY
By BB B B RBE RS A T gRY RER S SR T (PLC)
fodd B VR % 2 50 o 0 SGIG #TERE R AMI G55 B A& £
BRELRAT Y AL LV RpREFE R -

N ERTERPF LR TEREEFETSK w2 AFERD
Gammia s LRPBAISMAEE 91I5MHz 2 2AGCGHz #p6» 4 £ 3
WS Zigbee 2 SSAE ek 1. (RF Mesh)

(=) #H

22011 &# 32 um > BERR A 1 ENT ﬁg"%}&ﬁ_ ( Office of Gas and
Electricity Markets - Ofgem) fRAAERdkendad > 1 2011 & 4 7 :zd
R ke § i % %3 (Department of Energy and Climate Change ,DECC )
pFEm

2012 E o e F iR ENY R FE A FEIEERETE
( Smart Metering Implementation Programme ) - ’f’Lé P15 2019 &
> = 7 7|EE % (Great Britain) #-2 f 2o XX T ETHE TER 214k
(5,300 & 4 ) ° fit :}ﬁﬁﬁfn%%%%‘wﬂ%%w & ﬁv@r Tkt S HE
?%mﬂrﬁﬁ,%ﬂ% ,}J «31»]{%?‘\@ = ?fﬁi-ﬁ”i’ﬁﬂr@@ VE
SR RIERE AT o N T AP B RE R FE TR AR > N S HEER
UEVE BT N

lﬂ@]%{sb/}ﬁlmﬁ% ;ta:,_‘;{ f%?ﬁi%i&
' % F 623 m H o

J
R ARERT AR TERK  FRL RS F R
Kt 2019 # E KA F AR ERT G &AL T

‘ghk —~mi F_&

€ RAETE > R R EAR B TR
T EF &R E S ) g T > 2014 & 37 1 2019
EFERLAETR S EGERFER - A0 > B Rt 2013
ETFTEDTHE TR R REOFE AR B AZE - E

14
A2 HEMA %Eﬁ%*“?ﬂlﬁ]/ AFRLERe e



gzt 3 2015 F i X BRdneigH od T kT E R lﬁ@-"ﬁﬁ E
L5enpB ks -2~ PIRFET& IR VERE S
UF D T B R n A ET RS E G SRS
g o #% 2019 £ Roaf {5 3 2020 £ & o

2. BT E T AR UL

EAERGREMEES 5 0 BRAE DA RFER T EH4
RO o TR A ¢ 2011 EHF TAET RLITHE
B R el F RAAET R B HNRE . S8 F THE
TR AL o & REORE T BT 2012 & A
FEL e RE 2012287 - R &N THEVE
&a%ﬁW%%ﬁ:%J @Mmsm,ﬁw@gg,%%
Befd i R RT AK TARPF iR R gy o
E R IR ARG 2 i‘-’ﬂ'*’fﬁ?a"@ﬁ“l‘\ Al ® o 12013
£ E R at g {{)ﬁ*ﬁ,il 2A4GHz #g gL &2
868MHz *if'ﬁx;” 2o R EMHRARED S T0%PFET
BB K K RIS B A 95%@;%;{;« .
3.% B AMI & 5 2UAF £
2013 & 1 7 pr > m RAEH v £ A ¢ (UK Spectrum Strategy
Committee , UKSSC) i+ #_#-870-872 MHz 4~ 915-917 MHz
- BOFHE A S H K OFCOM > & 2 3t OFCOM
4 B AR MY HE ¥ 870-876MHz h3 0 A & BB i 4B
% T4k (smart meter) gz K o
SERFTET pop R % v 24GHz 2 868MHz #E
£ > OFCOM 7 #- 870-876MHz #p % #f 3§ 4 » % 4% 868MHz
ALY o B Y 5 24GHZ B T A B | 4 - OFCOM %
3> 870-876MHz 7 -z 3 T # B | = V43 -

4.7 B AMI i 2= ;¢
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B AMIE 2 6 o BT AFE RTS8 ZigBee B
3R B (WAN) - & BE %> B RO AMI G 2 e s
P2 % od RFNE o AREAF E § R EEAIRIE -

Energy Consumers Data Commun[l)%aélons Company DCC Service Users

Oats Energy Suppliers
GCommuniu(ions
Company
Communication Data Service /
Service Providers Provider
Q fCUVO CGI Electricity and Gas Network
737%”“ ) Operators
[Semart Metering BT - Authorised Third Parties
SmartGas | e2e | Smart ‘ Key Infrastructure ! N
Meter '.?.' Appliances ‘
Parse and Correlate it
| Software

\Emerpﬁw = cipl.m/

7k k& © Data Company

Bl 6 #RAETLLAFRE
2013 # 8" > B M R F RENT T AHFTET LU AF L
£ %% > Telefonica /2 15 ¥ 43 (233 % ~) EFER" & 3¢ % 15
B ETAE M E G > LI B E I RV R T A Argiva
P11 6.25 BE 4 (969 2 ~) EEERWMAINE FEERFE R i g

X0 3%

% AMI B 8% E f2& 2% (Long-Range Radio,LRR) #1=
Ao nE ®Y T % PRF+( Emergency Service )#7i¢ * ch TETRA 3§

PRI xR 2009 & KT mdEd AMIZE R > ¢ R F RS 72009 &
WIRRANRE, 2020 £ 27 BFE

22010 &5 ML 7304 | { #FEd es

Al FEOE R AHERARGHITFAL 1Y AR
B4 52009 £ 3 2010 £ % AR 4 £ 1 (FE
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.H}.

FlERLFrip MR8 52011 & 3 2015 # P 5 26 SRR BEFHT 4
F 270 4 A @ Lo 734 (2011-2015) BB FE ek e e
LSRR E A YE LS YR A R o Mmoo ¢ B A
2011 E B A L 2R AETHT REE A PR FoE 2
% %) 75% » 2012 & { B iE 86% o

ﬂ\o}
{.o

PRR RS e TR RN RAE TRRE L
ﬁiiﬂ\;ﬁiv%f“\jé%i“z’v’ﬁgrﬁé#izﬁﬁ%ﬁm o e A - P PR
B 73 g3 4 AMI 22 % 35 B B o 2009 E AL > T EREE
FRIISTER (HIFE ﬁ°?%§&%ﬁ'?ﬁﬁfﬁ’ﬁ L

MBS 5P FFE 7 S BB G P HTEAN
e MR R RV E 20205 2R P2 TR ERLITETH &
PR AARR2000m AT €A T3 RBILY BATH PP
o T AP P R HEYFETHZIAH AL E E MG

1¢ IR RE 40 T &8 40k

2011 £ ¢ REAFE R 2P £ 255970 F £ rE T4k > 2
Bt 27k2 % 0 2014 &40 2015 £ > ¢ FF RS ROFET
Ghipthdicd © RATE T 9,000 F 4 o A A3 2015 & > ¢ WK
FE L A EFET 43 B4 > 4 b 2016 & 516,000
g ox 51:%.@314 B Gz Eq ﬁ\w“ 85% - (|
FRESTHT2FHEFNGEMAERDLL) T
ZM6E,Wﬁ§$%ﬁjHﬁgbgiﬁﬂ&c5’%§5*
w4k 6,058 F & o EATHAE LR 280 A4 AT
TP 2017 £ 0 ¢ FERE R E S EE L A hr T4
FEHE AR FRTETHK2ARE

P 2R ? MR R R 2017 £ S E R AR E N5
PREGES R g WA BRARY FERELT RAE
NREBASRE ST R1EF FEFHe Y2 FoER
gherd B B v 2 53 R4 c EFAALAR S ST T
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oV R ETHRE e FHFE  c FETH- K AEF
7 f5 B A E 402009 £ B dedn Ry - T E R k0 182017
EATMB AL o A RT E o ¢ FRATHITETRI R
46 fad o BAED B42E 1,030 A A NH S R4FiT 16960

o

Ly

E
™

2.% B AMI i 312 5%

PRI EAME R G T e 5 R e AR R R A
/*5%***%@* GERS g (T ek) da o -
TR A Sl (PLC) M X @ st (LPRF)
FUGS R RARE AR TR e BT H (e
ﬁ%)z@%&%@ﬁ,iﬁﬁ%ﬁgﬁ\ *gE BN
%, GPRS/ICDMA ~3G 1 2 § 4 i (PLC) &3 5% o fadp
w0 P R AR AR & * 433MHz £ 3 BRAFEC o

«‘ﬁ?%’t rv

-l
o
R

U -

MAZFFZBRHRREZL > TR Rrded > 28 R Bk
o FRMUE Y B R EFER R B REFR -

FRZAAET&Aab L hd B2 Vo T2 2 2 dad > 2009
£ FRMAMF R TR LI RF R o 9 35 mE AT
TETRATAL 2 685 E A THETRTPIE 038 VK
FrgErz 2 gdlER o R KT ERPLFAXFTELIHL L
32015 & ¢ &1 6474 > O T Rk 43% - aMEHE S R o £
BRI g Ry * TEREETETLR REFRFTETLTHAER
W s LB ISMAEE 9156MHz 2 2.4 GHz #g £ -

PR AETRATIR G RN HTEF T EH Y AR
R R 2009 Err Rtk TRRAa Rk o A 2020 £ x>
PRAFETREEE P 2009 &£ 1 2010 & 5 AREEER; 2011 & 3 2015

EP G 2R ER o # 3 2M5ﬁ’ﬂ@@%i$é%$$%%%?&
43 4 >4t 2016 £¢06,000 5 F > £ 5mE 24 SAREY WA
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FELHA FRL 5 o

£ R TN

& % 433MHz & 24 P AR £ o

B R it B o KR AL PO A R R KR

BT Z i [FR-RUSLEEA r%&"f“"i—aﬁ

T\# 2019—&—&}%'1 T *”TF ab,}i‘u-—}@
o”"“l'é: E‘lﬁl

ﬁj’-‘ y 'l & ‘D/F#%]—.#B%A)mmpppa

FEH R OHL R 2R A
% > 3% & OFCOM Rl.%
TA B f1F > 4 870-876MHz + i T

AT
£ > 24GHz +
RS e

R

vm’t‘ﬁ]

P A&

» 2012 & > E R

B d ) ERahE § iz gENg
FEIE e R AR ETET

A 2019 £ >+ % 7
FET A L AR (£ 5300 § 4 )
@ * 2.4GHz ¢ 870-876MHz 4%

L

9L,—HLF$J -

%5 AMI R%Z % E vt g
¢RI E-S) & W wE
¥ TAFCR | PR E 5 4
K| RmYRT e | HEERRE | REFL |,
GO ENFE | aAdrEy oAl
> { - Rl o
223-235 169.4-169.8125
MHz _ MHz ; 868-870
¥ | 433MHz : ijﬁf?o 868MHz #7 £ | MHz - 870-876
= , ' | (870-876MHz) | MHz ; 915-921
g | AOIIMHZ O IOMRE ;4 $24GHZ 5 7 | MHz ; 2.4 GHz /5
1] | 779-787 ﬁ»’w}:“jﬁ’" P B AT R GHz ; 7 * #Ef
MHz ; 5 # g | 7F 7 £ 5 HF & UHF
BEAR ="
, ‘ PMR &§2 ; 7 2
o 2 W v
BORSRLE e s o SR B ER
7 (PLC); % e Zigbee ; RN
\ .. | (PLC): % WP RN
Moo | & meFxae | . ., |Long-Range Lo
A E I S , Ly | B TEEEHEK A
2| AEPIE . Radio,LRR; # s
s | (LPRF); s |5 REMeSh~ iy p ( SRD) ¥ # ¢
o a2 | Zigbee T AMI & # f242 %
I M =3 5 4
rﬁ -

f'j\/);?l ﬂ\lﬂﬂﬁg_@
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% - & PPDR 2 % % 2 JR7%

K‘J—%—i”]‘zé’wfj’ (‘QT ,,? flffizzg t}-mp FR ‘"i" N %’gﬁ—e >
)

R %) DB T %%Bﬁiﬁ’iﬁﬁﬁitwﬁﬂkiﬁ‘ﬁW\
¥ H %431 PPDR sc f ~ 453 2L 4] 2 PPDR #jic% 3 B o

- R
Aaoxx 2 NEREI R 2L F R Project 25 11 E AR
THRNE%%@%&%%@%%@%ﬂﬁ ESI RN A XX A
i EFFAR F R R @ % Project 25 & TETRA R H o & & 23l
G P LEANMTEL LR 2 ﬁf&’f&%*%@Wﬁﬁ%&a
TEAFEPEIT S RG R BgRG a4 R K& 23 ks> 3GPP
J€_Release 11 B 4~ LTE 7 * feit £ a2#$££ﬂ¢$ﬂ$@¥%§
3o s Band 14 (700MHz) # >t a2 % > (T B 7) 0 @ AEIR
R R AR L F R AR i L PRI o
3GPP % Release 12 z % e 4 48 % = FF - $F— ohud 2B >
FEFE R Z rTE - F B ?ﬂ‘:i@ﬁi;—]? CRER R SIS
PR BES D AE BN LT FA S F A TSR i (Backhaul ) i s ¢
%ﬁ%ﬁﬂwéﬁﬁ@ﬁﬁﬁ%’m%%MZQ%ﬂw\Dﬂ)ﬁw%%ﬁ’
LHFRAERE QY R AE 0 3 R RR TV EFTRE
ﬁrt”Fnﬁi%Q%iﬁﬁﬁw%ﬁ(MWL&%W)%E@A(GMW
Communication ) FEF* o
3GPP % Release 13 :i&- %54\: > B L iz j3- ¥ Mission Critical

~

By %ﬁ@ ﬁi%

Release 13 +» 4 » Isolated E-UTRAN ek & > & 5 %—Ejf

é’gﬁﬁiﬁ@ﬁﬁﬁﬁi@ﬁiﬁ’ﬁ&%gﬁ&i
B E R i * X f o dre AT Y LR AR R

BATEAR R OY A7 R RERIRIEORE P UE Y g‘r%n’v
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LTE i 3pRF% o

A R S AR if'.'rfﬂr’%fﬁ%li-’* FAx kA% g 0 3GPP ¥ iy i
Release 14 # 4¢v » ?sf‘%—; AR R TR RE ¢ e R e
TIgEgp > AR LELF ﬁ’”%‘r)imf'rvfﬁgnf;»\is& °

3GPP Release
11

New LTE Band of
: 3GPP (400MHz)
® High Power 3GPP Release 12

UE for Band
14(700MHz) o pop 3GPP Release 13
(Direct Mode
Operation, ® Mission Critical | =lei22 o]
Locally Routed PTT
Mode)
® Group ® |solated E- ® Mission Critical Video
Communication UTRAN ® Mission Critical Data Applications
i T J ' J "
2012 2015 2018

EU
implementation

Act 700 MHz
MFCN

Commercial LTE: 700MHz
PPDR LTE: 400MHz
FAL KR 1 3GPP (447 % FL)
Bl 7 3GPP-F #f o> £ % >l LB 7

- AR AR

2015 # 11 * #y#n WRC (World Radio Communication ) ¢ 3% #-=
+ % > (Public Protection and Disaster Relief : PPDR ) #p i 2_ 646 §5/4-3%
CIEFLABIT SBESEZE 2P iﬁi%ﬁ?@ﬁ%i F R~ 2 A RHE
s hE R X BGHE R 4 PPDR B R H RN AT G#
RAIPE S B BATHR ITU-R M.2015 22 3% 2 #7if » =% 694~894MHz
AR R & 2R o A LR R Y R - > WRC # ¥ e

PP ERTEHER 3 ®BE P K P PPDR 23247 £ [F

\

1.Region1:
A& E e p 380-470 MHz - e & Fl#c B B R B
3 AP M ER 0 P ow F - 380-385/390-395 MHz % 5 M W
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F ﬁp ]f PPDR H zZ_ ‘*’7‘ NN f[",l’b‘}};? -F)smlﬁ. j’j 151_ °

2.Region 2 :

& & g Bl 5 0 746-806 MHz - 806-869 MHz,
4940-4990 MHz - e & & p 4> 2 K E5ZW* ¥ PPDR 0
#E B d [F] &_380-400 MHz -

3.Region 3 :

oA b eF g R A 0 406.1-430 MHz > 440-470 MHz >
806-824/851-869 MHz > 4940-4990 MHz % 5850-5925 MHz -
fe £ 2 F R 3% 380-400 MHz fr 746-806 MHz il &
PPDR * -

Z S FERGe
ﬂwrfi*i B~ 55~ &= R & % 0 3 W 7= PPDR R3lsc K -
(-) #H
i8 B & 2014 & 4 2 A%50 (Sewol ) 45 ppF > d 3t 5 - ‘ﬁaf%]l{:fi
A MM AL TN RSO E R MM AT PR R Y 2
p i3 g 0 2 ¢ 32 TETRA S iDEN ~ VHF ~ UHF 4 AM/FM % & 48
Hoie o BiEA L ORI i B o T A EES 0 F AR R AR S B
F R RpArE AR R RS F D R R D 2 3 R o §E BT A
>~ PS-LTE (Public safety-LTE ) Hojis» 3t 2014 & 11 * ¥ £ 3404 &
BARMEH o2 & > (SafeNet) -3

1.SafeNet 3+ 3 #2,%

P 2R (95524817 R~) » FohEshet 2K
10&m€’-k‘§”* P TR RPCT viE 3vEE oo

SafeNet & * H =3+ a F ~ BN 1 ER R RICHE % 7
i«pﬁxﬁr;\%%;’(ﬁjﬂ%ﬁ;}%\?z; ‘j\fﬁéﬁéﬁ’?ﬁé"‘3333

22
A2 HEMA %Eﬁ%*“?ﬂlﬁ]/ AFRLERe e



Boxx 2HEF 208 B iﬁ*ﬁ,ﬁf&” PS-LTE( Standard
Rel.13) # it > & & 37 78 #4 ¢ » )4 direct mode ~ stand-alone
base station % -

B> w0 A 700 MHz 4 £ ¢ & Band 28 5+ )I*m
APT700 &% ¢ 1 718-728 MHz % 773-783 MHz ~ &3+ 20
MHz #¢ % % PPDR -

2.SafeNet - & # {7

SafeNet 3> F B2 F & T3 N Rt A 44 5 k4
¥ o FCAHRd MPSS (The Ministry of Public Safety and
Security) i F 0 &2k SafeNet Forum o f X 3 ¢ %
TR E R AENT ’;‘.,—‘F'fii’ﬁPSLTE LTE-R
(LTE-Rallway 4B ) v LTE-M (LTE-Maritime v A ) en
FrofrEFLL > TP AR MR R 2 % 2 eREX
FCRAAND B EEP R o

3.SafeNet 2= ¥ #p 4%

iE B fr#- SafeNet i 2 & & w0 #p e 2k 4 g2 (Pilot network )
ME G PR > FER HZE (Phase 1~ Phase 2) o R B R
#F Atk (Gangwon) {7 » & 7 THFE 7 2018 *%
T &, ¥8 (Pyeongchang ) o > R HiE iy — fFER » B
R EHE G A 0 R B R R~ ] S
PR B LA GIRE B F G - B R T AR
i o 2RPRGEOF Z PR Bdee 2 A Mgs % o
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@ Pilot : Verifying and testing the effectiveness of PS-LTE technologies
®@ Phase 1&ll : Rel. 13 Implementation, SW Application, Interoperability

~SEP. 2014 ~OCT. 2015 ~Jun. 2016 ~ Dec. 2017
Tec::;:.::y & ISP & Pilot National wide
700MHz RFP Network Network
Pilot Network - Phase | \v \ Phase 1l
A- %
L € Metropolitan cities
PyeongChang Rural a.nd 5"‘_"?" or
(2018 Winter Olympic stadium) medium cities

FALKR R A £ 23 (MPSS)
B 8 it K SafeNet 172+ 4 prqg

4iA B R

RELERL A & P enp S E fopiE PS-LTE #jkreng »aid >
520152117 22006267 A 53 BFIERHF(1)
THIF@e o~ (2) 7 (Gangneung ) £ E 3
(Jeongsun> £ 5 4360 miE® (N7 FHE~)
FPEF-JdERTG (KT) = % %3 (Samsung) * kB
# :*? Bld SK ¢ 2 (SK Telecom, SKT) B~ o

Bk E%l%akziﬁiﬁpég:—f@“@ﬂ,\,ﬁv@ﬁ\
220 B F % Bg': o BASE R 240630 B ML S EE o
AEIERF G TR

(12 g it ¥

(2)338 (7w
()7 i MiplEfrk 2T
(COTER TG

(5)fr® i& {7 e Tetra ~ UHF / VHF % 3 i ehfz A

CRESF 2 ITHEFRPRER)

feaik

hi

(6)LTE-R / LTE-M + 3 ipl3#
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5.> K v &

rRGEFEAS LD

AN

Frfe o % -
M
Bk~ 10 §BHESR 21’5

L)J-é Hho, 5 R

SR BAE G A e HE T

i (GyeongGi)~ % 6« 48 & 337 ,)Liz§

-

MR E 176 Bk > XA

( Seoul ) ~
4,200 f: £ b~

P

10 Bahks iaF 2W3B0Baskit ¥ &% LTEM -

LTE-R ¢33 o

Safe-Net Deployment Scenario

Gangwon Province @) ErevimnEss
(PyeongChang, GangMeung, JungSun)

(Deploy 220BS, 2,500UE) {Deploy 7,300BS, 100K UE)
- Local Government,

Police, Fire Station,
Coast Guard

- Local Government,
Police, Fire Station,
Coast Guard
(176 Organizations)

- LTE-R(Railway)

- LTE-M(Maritime)
Interworking Test

Co-deployment

- Smart Phone,

- Smart Phone,
Walkie-Talkie

Walkie-Talkie,
Vehicle, Fixed

Pilot ('15 ~'16) Phase 1 ('16 ~'17) Phase 2('17)

Seoul, GyeongGi &
6 Metropolitan Cities

(Deploy 4,200BS, 100K UE)

- Local Government,
Police, Fire Station,
Coast Guard
(330 Organizations)

- LTE-R/LTE-M
Interworking adaption

- Smart Phone,
Woalkie-Talkie,
Vehicle, Fixed

FH kR

¥x B MPSS

B 9 i & SafeNet = P E > R wiEF
(=) 4@
1.2 ® 547 PPDR 3+ % —FirstNet

4 2001 # % ®ifi8 911 B Hsc# 2 2005 & 52 h + Fmeh=
%Q%@"WEQHAiﬁg(ﬂﬂlCmmm%mn)wfniii
- S F JH = (first responder) ¥/ ¢ & 7F¥5W 0 £ K

FORBASIER &R BE L O LR

T

A A
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B~ ERETTE BZAEY-RFRAR (7 7 &
R REFRIGES) DEEUAF R B IL 2]
FUE G B FIE N E FH Rl M AT

BB > Flt o BiEE - T E o0 Ew 2R Rk g o R R
R b2 Bi‘“f 4 1= 7% 20 (mission critical communication )

mr%?ﬁo
2.% - & PPDR eh2> $+ 4 4 8 324 pr (2008 )

2007 + FCC % Second Reportand Order ¥ £ P » % 3 o> £ %
P EARERET AT gL T% 3 ( public-private
partnership, PPP) j ci2E ™ g 74 B o & FCC e2g] @ > 10
MHz (763-768/793-798 MHz ) A4 4 1% 2 £ & > B 47 gt 2
*optIRad 2hy ] e s PSST ( Public Safety Spectrum Trust )
EE D o2 % > %4 #3F , (Public Safety Broadband
Licensee ,PSBL ) - f # i > B4 Rl & & > B R

@ Ap #% e 10 MHz (758-763/788-793 MHz » fj}u{z@ Hen
D-Block) RlAgdpi%s 7 * $4f » £ % 2008 # 4% & o fx gt
Boenvigde i i S RAFF A iz 20 MHZ 48 (¢ 7
PSST #73 #ff) N3 B £ % chg SEHE ke o

pLOh o R ORCRRR R ok X \ﬁﬁﬁifﬁ ?
o 2P A g JIE i%’@ﬁéf’?’”’%°?ﬁ%ﬁﬁﬁifﬁ
» R R IR LR %

2 HE AL IRIET B0 ¥72 ¥ i o d 2t D-Block #f £ &

BEI3MmE & F b S MM GED LT PR R
P ERFRF IR 2 E ARG AR
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(preemption) ;™ > D-Block % ¥ /2% &8 2 58
p p P

3.% = =& PPDR 7 PPP ¥ & (2012)

"“$% D-Block 8 4 pr» 2= 2RO 2% > THRE
SRR ML R 1 2012 ERA LA A FELEE
TR RERaOuEE Ao A 2012 £ ERALRTET S EE
¥R FF R ALE £)iE 8 € 2 (The Middle Class Tax Relief and
Job Creation Act of 2012 )z_ # #7& % &g 3% ;2 ( Spectrum Act) »
THEROE T DM TG IR T AT 0 7]~ 2
% 0 o

-~ 2

4. e HE 5 2 G

¢ 7 EITRE ¥ 12 758-768/788-798 MHz( = 2x10 MHz) -

T F A 9 769-775/799-805 MHz (£ 2x6 MHz) % 4% i®
Guard Band £1768-769/798-799 MHz » izt #4p B H#-2 e 5 d

MERP T PAENPREDEP # 1 First Responder
Network Authority (FirstNet) > d H § § £ RRp &£ % 2

BT R AR A Y AE o

763 769 8 s 1% 805
Public Safety Allocation Public Safety Allocation
Broadband g Narrowband Commercial Allocation Broadbandg Narrowband

CH.62 | CHGO3 | CHG4 | CH65 | CHGO6 | CHG67 | CH.68 | CH.69
164 110 o 182 68 iz &% &%
FAL kR FCC
B 10 % % 700 MHz 2 % % 24 f ek

S.FirstNet 2. 2= % 37 £

8 https://www:.firechief.com/2017/06/14/firstnet-the-long-awaited-public-safety-broadband-network-is-u

nderway/
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e qp 2012 B EEEE KEAE F ALY HERERK S
>%kp £ R®EaF (US Government Accountability Office,
GAO ) efdR & 3545 1) » FirstNet “,f TP R EWEEREMN
¢ ST A fﬂ”4’i*ﬁﬁﬁi*ﬁ@%$§4ﬁ%

AT AT REEF B EEKRE T AT el 3t
H97% £%F 0 E 5 FirstNet k a2 ¥ end - B 28 F YR
7:;#: 120-470 %% & 7 %5 § o

F«I-a‘g g ey g 1 5 70 g% £ e FirstNet i&
gl od e FEad A F 2 4 o FirstNet Kf 7T
Jﬂ-p’“‘éj“ EREEEE T B sl Il I R S i

FRHRA T BRI EESFPEE TG B
5 2012&;2 k¢ eh5 FirstNet 7 5¢ I IPE £ 842 3% &7 2
Ak R AT RGP AHRR R (7
BEEFESTRF 0 BV Ny W R DR SRR
(Radio Access Network ) _+ J1 4 & % fie 4 FirstNet & * e
20MHz 54 47 3 7 R o
FirstNet & 4 fbp KER TR &> KARFZHFT &5
PPP 4> & 8 £ A B2 o gt PPP #45 ~ el 38 1 &40
FEEP M A GFHEIEZ PR ADAFERSE > ¢
i?fﬁaﬁﬁ’ééiiﬁﬁﬁﬁuiiﬁ?%4
N ;i—%zma\ir\‘*ﬁf_a TETFEREFEF LD UK
29 FirstNet & 1£4r 3 o

-

§50

6.FirstNet &2 AT&T = I & i®

2017 # 3 * - FirstNet & > % #. ~ 1 ¥ AT&T £ 4 1%
2% > FirstNet #-22 AT&T § % £i£ 25 & b 4 » £ $23k -
d FirstNet 24 k7 #4114 65 g%~ » ##F g
20MHz AR T2 AT&T & * om AT&T BRI Ef # &
FR2AFRNGTET PR 2FELT 2RHER -
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AT&T Fpz-#-d » 400 B E ~2= % ApB A B 2% » ¥ 433

10,000 e is §°- 14> ABESAEYS TP L% 2T

ARy R L - BT -

# 6 FirstNet &2 AT&T 2 #4353

S FirstNet = AT&T
® A k7 i AT&T # ® [FEERIFRED
65 ¥ ~ o PPDR 4§ -
o L 20MHz #E e o ikt HTAR
AT&T it * o e B PR R o

FAR KR 2] FR

(2) #¥R

1ESN 2 3+ % 4=k

EFRPDHRF ODLT 2RE LS BYEF Airwave

BT M AFEE F o Airwave P w3k B0 E_TETRA 50 A
2001 & 3 * Airwave FRi* & ¥jd=4n3 2016 & 6 2 R >

Airwave & BlFC e P-5 i 48 e & o

PEL G 12 B AP

# 2016 & 6 * >

08 FEEHSEE  F L

2 8 2@ % Airwave GPRFE o

d 5 Airwave 22 gt g H iz ehaly £ X Tt 2016 3
P FIE > 2 TETRA i FHAE DI 2 B g
02 EGRBEA Ak R H e o
H 1

R
2 RTINS N

2011 & » = W iR
£ R oix 7 o& P F

BARM AP R R N FR ST Bf
, ( Emergency Services Mobile

® https://www.firerescuel.com/fire-products/communications/articles/226339018-AT-T-selected-to-build

-nationwide-public-safety-network/
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Communications Programme,ESMCP ) » # 3 & 3% A& Airwave
EXEYE > FATOO R X DRRIRIERPF o % H & AT
IR X RSP EF T BRI

\

(D)L 4 2% cnF i F AL PRF+ (makes high-speed data more

readily available )

()4 3 = a3 4+ (flexibility to take advantage of new

technologies )

(3)7=% L > (costs less)

& Fp 722% (Home Office) < r%ﬁ%ﬁﬁiﬁ»ﬁééﬁéj ¢
#7— * 7 PPDR % g : Emergency Service Network (ESN) #-
FEFRARE BEE - LGPX 2P L 2H T
BB R TR B L PRI DFINT o gl LFER
BEERE  SER Y oREIfrE e DR > SRR
W AMPRTR o

&

2ESN- 32 E R

PP E 2015 E AHEER S S 9P =2 B3 RH R T
&%) % Kellogg Brown & Root Limited (KBR) # # 2017
2019 # s H mend A F I KR L a2 L R L
Motorola | f F b $F=hen i SLFE 8 ~ g IL i * izflvE N O
€% HJRI ;R ERF Everything Everywhere (EE) § +#
REEF RS P2RAREFFRERENAETR L E 2 ¥
iF o

ESN 3+ F#0 ¥ 44 BEZH = 50 B b ERIRFEH =~
Bk =2 L QEd00 B2k % 2 2R gR
¥ o dpyE 30 v m%*—*ﬁ#&%m p o ’r;a]ﬁzf‘f&
Airwave T 325 4 £ 35 & B UK l%—‘*-& -y & 1300 &4 >
p- Ak k ESN # # & £ 2% # 9 pl# 4 ig ® 500 & 4% o

Ap LT P o ¥ Airwave \E’igﬁf];%’% LEENLRES
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g3 ESN 43
FIESN #7 &4 % 15 & &

A

v

= 10

=
-t

BRES (95542 15R) Ll
FRAAET 010 RES Y

SR A E T X 100 § E 48 -EE #rik i ehm SRR o
* % i‘ﬁf“?ﬁ%'?é%?*éﬁl%;ﬂ_/\ e

§ A1 el RTE o

BiE 3 et s > EE P H.4% % VOLTE % Pushto Talk 5 % % &
- EEE U R e 2 o BIEZKE FhE wARRE o btk
IH R RRFFIRGTRAGTHE P YRR T -
TRRAA bR ML 2RpROFRY P ER

BB % g o
v p % 3 ® ESN enpE sz 4 (4oB) 11)°EE »t 2015 # & 17 % -

2017 # %

?'ﬁ‘”fréf‘?

ﬁ’é

F iR bk PR 0 2017 3
2 BB A oo %k EE 2 4

ué‘ II’E]

2020 & fF p:&
ERERT T o

vtk o B RACfRE E G

i4
L

- N
Octob er 2015

Ccntrac award

Design, build and test

[ July 2017

Design, build and
testing complete

User organisations transition

—_—
January 2020

ESN operational

"y - A

Operate and
benefits realisation

Bl 11

» ~PPDR 2 £ %

(- ) kg

3GPP j%_Release 11 £ 3% »t o &

> g

R

&

: National Audit Office
# & ESN ¢

5 4P A%

e

Z rNE I

TR FHRT R

Band 14 (700MHz) J&* ** PPDR - Release 12 @ 454c » D2D h4p B &

Moo R AEE RN AEE BN 3

L & ﬁh]

A FEMARE R THEME A TR

Lok sy Fgg o2 > pFat (Low Latency ) 3

*¥RiEg
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Communication ) PRF* o

i+ Release 13 - # 4r » ?‘% =* 73— $3i Mission Critical PTT
(Push-to-talk ) 4% » # =t # Release 13 » 4c » Isolated E-UTRAN &
ok kd ¥ 5 LY u‘g\m%ﬂiﬂ@%}\ Z F4%x k4% % > 3GPP 7 Release
14 ¢ 4e » ?3—- EFEehR i T A lﬁﬁe«lﬁl—?

(=) SEsRE)

"2 ITU 4+ PPDR A A o Rl eh T & > & % A W 5 0 (1)Regionl:
380-470 MHz - (2) Region 2 : 746-806 MHz ~ 806-869 MHz ~ 4940-4990
MHz-( 3 )Region 3:406.1-430 MHz-440-470 MHz-806-824/851-869 MHz -
4940-4990 MHz % 5850-5925 MHz -

¥ & PPDR #g 3> = 700 MHz #g £~ ¥ =7 Band 28> » :T%{ APT700
#2718-728 MHz %2 773-783 MHz ~ £ 3+ 20 MHz #f 5 - # & PPDR #f
e 7 EITEAE Y 490 758-768/788-798 MHz (& 2x10 MHz) ~ # 17 %
#gJ * e 769-775/799-805 MHz (% 2x6 MHz) % #ti¥ Guard Band
768-769/798-799 MHz -

(=) FRFER
j8 B SafeNet » & * B 3- i@ E ~ B 0 R R R B A
WP~ ER B FR DL ARG EORTE W R arL
*HE®>-20 7 'II}%QP'%"%FL%&—,E’ KT ~ SKT 4 % § 2 % > ®{£ PPDR
R R > 32017 ERAR AT o
% & FirstNet>2017 & 3 * FirstNet 22 AT&T & ¥ £ £ 25 & g ) »
AT&T ( F# L 2F2AFFAM G20 FEIFE O£ % > T RE
FirstNet 2.4 %7 # % 1 65 8% ~ > ¥ %% + J4 7 20MHz A4 3% 7
B AT&T & * o
BRESN: @ * B ¥ 44 BERE =50 B B & FORFE =
13 FcE 228 2 H s 4215 400 B > £ % Eﬁ%‘« S B i H F‘ v IRt
Z30F =it AW J TG FER Everything Everywhere (EE)

fFRELT wRA Y PIRE AR RE 2017 E S 2 F RS R AR
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EPRF% 0 2017 T 2020 & )i {7 &7 Ef PREFOLIEEEY -
% 7 PPDR 2% % > RIFF™S % E
ITU 3GPP iE R iR # R
i F N |4 OAE
s B[ TR E e R
ek i ~ | 2017 |FirstNet | 2 ¥ i@
w 2 > R -
+£ KR gE i
i
(1) Region1l:
380-470 MHz
(2) Region2:
746-806 MHz
806-869 MHz
) 4,940-4,990 MHz 758-768/
IR _ PR
1) (3) Region 3 : - 700MHz | 788-798 &
406.1-430 MHz MHz
440-470 MHz
806-824/851-869
MHz
4,940-4,990 MHz
5,850-5,925 MHz
2016 +#
e o H
AL R13 # i
Ll . SSPP | LTe s | LTE #
% 2017 =& R13 e i
v v
R14
f' kiR 7‘\55 %_ m
¥z & LTE-R#H
-~ R
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(=) 48 & R A EE—-GSM-R

oy

Ak SRR PR S A AHGK 2 - 0 KU ﬁi#pﬁl S B E
bl s BRI E G L - BAERELER c SRAA SR FB
Tt o blded po~ B RazZ B BEMBE R FILBREFEFELTE
PEAE (7 R Ao B AT S E E ATk S0 4o TETRA S i
#HEaad (DMR) -~ GSM {r Wi-Fi & - 1995 & R %2488 7% § (Union
International des Chemins de Fer » UIC) =% TETRA {= GSM = I8 H jirsF
Mo B fs GSM AR T_5 ABEL I A Pl A A % B GSM-R( GSM-Railway )

DL 4B B A R o

-
£

Core network
(Internet, cloud)

x,}ij\,@ : MDPI
Bl 12 gl U 5

(=) ¢ GSM-R ¥ LTE-R

GSM-R 2 %= g G B FFER & «u’ﬁﬁ;ﬁ iR
Mo AR ARPEFEBR R EBES KRR TR - BTG
2,400-9,600bps > # ¥ &7 GSM-R T 4  Bir & ardint High
H o EF A PR 35 1 > GSM-R Ap Bk & - B 32 % 952 2030
ERdR S R EFHBRIARREDeRE SR RATE S B
Bty G REELDE - pREGFT HG R

Fpt UIC 12008 # B 43 (7485 T — R (F#id 20 4 s 7 > 2009
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#2010 & £ {53 4RI T - A FdE A Y j’:lp -}‘ufr;}iﬁtr* Fw A
372010 # 12 0 2 Bend - B B @ E* ¢ > UIC P red,
B 3G HHTH G MR 0 B A B sAx 3G :si%:«r%;\ T 4G, #
e -

2014 = 4 ¢ > UIC 3% 114857 — & 78l W B4R - © & 3GPP

TE BRI %25 UIC #% 2 e LTE-R (LTE-Railway) # & #
o3t 2014 & O ¥ (> B 432 {7 Release 12 (R12) 1 i% » R12 & LTE-R
PRERDELRE 2L L RIL RE L Fe- HRF T HEY -

Parameter GSM-R LTE-R
All-IP in native mode No Yes
Frequency DL: 921-925 MHz, UL: 876-880 MHz 450 MHz, 800 MHz, 1.4 GHz and 1.8 GHz
Bandwidth 0.2 MHz 1.4-20 MHz
Modulation GMSK QPSK and 16-QAM
Peak data rate DL/UL: 172 Kbps DL: 50 Mbps, UL: 10 Mbps
Peak spectral efficiency 0.33bps/Hz 2.55bps/Hz
Cell range 8Km 4-12Km
Cell configuration Single sector Single sector
Data transmission Requires voice call connection Packet switching, UDP data
Packet retransmission No (serial data) Reduced (UDP packets)
MIMO No 2x2
Mobility 500 Km/h 500 Km/h
Handover success rate > 99.5% > 99.9%
Handover type Hard Soft (no data loss)

7L kR - MDPI
B 13 GSM-R & LTE-R 3t 2

S0 a0 2020 £ A5 HEE 5 ¥4 2022 £ B AnmaE o UIC - 30
2016 & 3 * F H A K4HEL 7B % 3 (Future Railway Mobile
Communication System-User Requirements Specification - FRMCS) - #t 7_
TAT- RABRE AR Y HF R o E 3GPP 1 v SAL F LAY
% UIC rz 7 vt FRMCS & F % 3GPP 1 f’rgj’a@p\ » T ¥ % 2 8 Rel-14
PO G # Ao £ e A 45 0 5] 5 3GPP Rel-15 ¢ 1 1% o
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2010 2011 2012 2013 2014 2015 2616 2017 2018 2019 2020 2021 2022 2023

i
|
Future Communication S! :
yetom sl =W \% \'4
/ Principles  Choice of | Operational Dmnod system definition Trial Migration
Maodel I quil s strategy B
Workehop! R:u;?:;ms e ERA planned timeline
Future of GSM-R q itlirnd
1
18
'7| ic/ UIC specifications I
| UIC + 3GPPIETS! standarisation / CEPT: spectrum |
i | UIC + Industry - development and pilots |
i
1 I UIC: guidelines, coordination I | contract and migrate I
1
|
H
esrio |t [ e ] wn | i
................ 7
x@ LTE Launch |  LTE wide rollout | | 5G Prototypes J 5G Products |

4G Enhancements Jl 5G Standardization J I 5G Deployments J

R
5

PREFRNEEREE TRAT LA T S| B (TR A
B BAERR A 2 R
Bl 14 UIC #7— 4B & 405 B P Az

AR AR

|

1.GSM-R #7 2

S+

S =
SR ECa S 7R BB RS A AR R AU ) {7 Bl 4
B F o MUIABELIE Ik Se @ % g0 450/460 MHZ AR EL 0 & &
iﬁnﬂ?ﬁﬁﬁzii TR o Fg 1995 & ETSI
( European Telecommunications Standards Institute ) & UIC %
ET O R ART BREfo iRV P I S R T 900 MHz
FEAMEP L5 &g 5 GSM-R .47 876-880 MHz
(1} i74a8 ) 4 921-925 MHz (™ {7488 ) & BAFE o

% GSM Hjtre = 5 4R B ST A2 {8 > F T
BiE
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E—GSH‘I‘ G SM ‘

a?shaau 890 915
GSM-R Uplink

Downlink
E-GSM ‘ GSM

All frequencies in MHZ 221 225 235 260

| GSM-R

FAL kR @ M3+ FTGSM-R > The Railways Integrated Mobile
Communication System |
B 15 GSM-R #z:%-900MHz

2.LTE-R #7 :#
A it e f ool i B AR G 0 LTER a5
F e AL ERRA e BT R PR A
RIA R RO ¢ FAPM £ B B RIRIRFA fe LTE-R 2
= G E o ¢ EFBES S (ERA) - ¢ B4R UIC 7~ #
WA~ 5 M B RBETR Y AR AR (T o
P> 4 S dcLTE k58 * & Sub-GHz 11 af L > 4
1800MHz ~ 2100MHz ~ 2300MHz ¢ 2600MHz o % i 8 47 £
FI# o 7R R oy BiE S & & Sub-GHz 4R R
B % enf FiEdg
IR B BN (L R S e G E R SR N i R ERRR
Pl BRI B fRF 0 O FARET R R
Do doa MR RGBT E R mévng)golﬂw ;
Sub-GHz =i #g B » 1 4r 450-470MHz » 800MHz # L-Band
(14GHz) ¢ A » F > panne F 4Bl (P ~)
* 400MHz #g £ o
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1.7-2.2 GHz 1.8 GHz
450-470MHz 55 57 GHz 2.5-2.6 GHz

|
|
|
|
|
|
|
E LTE-R
|
L2 & 3 2@=- 8 : imz
2 8 3 9487% § ¥ 3 Tt
e — . e -
E450MHZ A .
450-470 MHz Shared
E > ” 1 Public Security
| ; =
TR kR ¢ IEEE
B116 ¢ B% B~ %0 ~ 45 B LTE-R #7235 4.3

AEAWAER LTER & BAp M- 2 Mpos M7 F< e
B % R R LTE-R Rl K -

-

(=) #mA
>+ SafeNet3* % »## B LTE-R i * &2 PS-LTE 4@ I <4f & 700MHz »

@ LTE-R ¥ a2 5B 7 £ % 2 LTE #8052 T seh

Spicd oo RATA AT o

0000

Maritime police Medical center

-« >
Interworking — Interworking

in emergency in emergency
= Train/rail remote control = Streaming electronic navigation charts
= Vfideo surveillance, PTT (80,000 ships, 100km from the coastline)
Military  Local governme Electricity
l -
’} Kk =

B 17 # K LTE-R ~ PS-LTE ~ LTE-M 3 i+ %
iz ®> 2014 «fl‘;]‘fi»ﬁ#a 43817 LTE-R Ap B Fopbreivd B > 3% W]J}?:fﬁ-‘z 3
FRFFPE S F % ELTER A ;},\ﬁ\%ﬁ; F 16 ¥~ > 3] 2025 &

e FEMARFETHEE A TRl e

£
&



I >R RLE $5000 22 010

i 7 LTE-R % % 5 KR = & (KOREA RAIL NETWORK
AUTHORITY) » LTE-REZ %A 22 BIFER» 5 -FEzT2HZ R %
SRR RAK G ACEE 0 R PR RAE R oRE o B PERER
g o KR 2015 # 12 % = &7 LTE-R &% #3721 iF ~ 2016 # 2
¥ % = Quality testing » # 12 % iE 250km/h g B 3#3E LTE-R > ¥ 343 A
2018 & * B h§p2 > bR Vo2 e p # LTE-R -

LTE-R Development Plan o
Phase 3 (April 2017~December 2017)
Phase2 (June 2016~March 2017)
Phasel (August 2015~May 2016)
e + Field testing at speeds
+ Field testing at different upto350km/h
« Commercialize at speeds
 Set up standards speeds up to 250km/h

7k kR © KOREARAIL NETWORK AUTHORITY
B 18 i W4 LTE-R # E- 3
KR 2 # A LTE-R #i#% 2 8 W& 2 7] @ #=4] % %t (Korea Radio
Train Control System , KRTCS) » #/x if- . 13 5ifeid 3 2w £ Jh AR £ i
4ol AAKRRL R Y = 87 e 2 (ETEC>ASTRO4-TETRA) »
1EA e Y = BART A1 LTE-R  #75 Ml & SUL 3R T
ok P - B LTE-R L & ¢ > ¢ 12 350km/h e & 7%~ &t @ﬁ%]% 8
R 0 RBABELE Y {7 2 o
pteb > KRAU* LTE-R g2 WaEsma 22 #1414 5u (Korea Radio
Train Control System , KRTCS) - KR & ¥ A @ T 72 324 6 5o i
* w {87 g (ETCS > CBTC » ATC 4w ATS) 404 %*“ LTE-R
T B g G KRTCS 7 M 2 g @ AT o] s Sudp 3 FE3 & 18 andy
B AT LKA REE L LA o

10 KOREA RAIL NETWORK AUTHORITY, SUSTAINABILITY REPORT 2016, 2016 & 8 *
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() "RA+K®
TABELAS 530 3l IR
A MBS FE MR YR 2 k1981 E R 2K
ARTHELE ¢4 o #rigpes 457.2-458.650MHz
467.2-468.650MHz #E & 5 * *M 4B A AP AR 2~ %%
AT AN %1; %5 p % >RET 450-470MHz & 550
-4
4

N4

N

&
"

sentvg TH '
%%@%ﬁﬁ”
B~

;I

bl

O MBBREFERAERE 72 RR T YT
f‘&m% Yriwie > @ 3% 450-470MHz & s

R EROEL S I WMI O R
BMEI G EEE R A BREE A PR R T
o B>t 2002 & %~ GSM-R ~ 2006 & B 4538 {7 > & * clf
B+ 75 885-800MHz » T 7 & 930-935MHzM o I fa it *
GSM-R (i i @ MAp A M PFHERE 55 375 =
252016 £ A7H 08 F 2L P~ * o

ol
%‘?3

ﬂ:\
Cm»

«—,

ko
.m\y

L L
F}%‘ /<'< S l——r—'

11 http://www.rfsister.com/article/23542533.html
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http://www.rfsister.com/article/23542533.html

$EER (MHZ) SR/ PRk
450-470 ERNREE R TEBA
470-806 Fea il RUREH
806-821 Wﬁ

825-835 mmmcomm:ﬁ
835-840 PEEMCDMA F7 , CiBEl
840-845 RFIDEF

845-851 RS

851-866 SEMEEAA

880-885 FESEECDMATRT , 2iEE
885-890 $EIRE-GSM 17

T 890-9090 RERBAGOM L17
909-915 REROAEGSM E7
915-917 ISMSBER , F<ISURS)
917-925 SRR B
925-930 RDIFS

930-935 SEFRE-GSM T
1 935-954 RERBZAGSM T
954-960 FEBGAGSM R T

———— o~ - e ——

PRl NP B S ) = R
B 19 ¢ B * & GSM-R @ * 4 ¥

LR AL R S BB T - AR R
(LTE-R) » ? BB 2 73 2015 # & = T4 ™ - &4
P GHMFT LT o1 i e THREME X T AT R
o THpd e R E s EnE 1 Ee{foF Rk E A
2018 & &7 1 238 % » 2020 & v {635 = LTE-R &% > p &
©F Al BH S T

IAEEERG R 0 ¢ R4 2018 £ 10 56 P A IELEFLMR
(v A A feEd > RFBPACA, L ERAE S BT
AER) FLRmkE - ER LTER FL3% 4877
A BIHRGFE R EHRE  RRORPER R EIRBTE
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Pl S B BMRIE S B S ZRRE

2.LTE-R #g 3 .3
b LTE-R M feli g £ 6 0 ¢ RBEA S P 1 23
4y LTE-R #5 & ¢ ?‘;j‘g-’fi A 5 fody TLTE-R fiie & % 541
WORAEE S BEFE Y i A50MHz S £ -
4%~M%M&%&%@&mé%?ﬁ&’kﬁégﬂﬁﬁﬁ
(IS R TSNS o
*ﬂiﬁﬁ%%\E%\QQE%W%?E%#—Qﬁi%
Hiafpdfa R 5z - it
HWyp 2015 #1 SMARNTFE AL IFEY > 2015 = B E
450~470 MHz #5£251 » IMT 48 & 2L 45
Fone
» ] gl
7 AR && &&@%%@ﬁﬁﬁ#%”o

o
)
%mnw&ﬁﬁﬁ%&ﬁwi i
&
9

25 IMT (7537
& % AP IR

BT ) REE)
450.000 v‘-itill)()() 454.100 457.200 459.300 462.000 464.100 468.675 470.000
+4 2 4+ "' h] ) N H G ++ :"'-]. ':l Fo #+
4 R Rl 2| & 3t (T gl 2 (&
F ’ ¥ T B % B \ [ ) PA Btf 7~ | B
t W gsxama Z| B I & B
450.500 453.500 458.675 460.500 : ) 463.500 467.200 469.300
KHEREA KH EHREA
TR kiR O ERE KB

B 20 ¢ B =~ k£ 450-470MHz & * %

(=) %E

1.GSM-R £ #* 3%

GSM-R & # = EIRENE ( European Integrated Radio Enhanced
Network, F # 4 & & 54 % 20 # 8 ) #] LR
MORANE ( Mobile Radio for Railway Networks in Europe, &

12% o2

2% 3+ ok, http://www.6gdown.com/softedupage/1151.html, 2014 & 7 *
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BRERESFERT) EFHRFE - XA MAIRE 8
P s rBRENERE2 - > RN LIRS o D
marpH o R R o

% GSM-R & * 900MHz #f 5 > } {74&: 5 876-915MHz »
T T4k 5 921-960MHz » B L RZ P F vt AR oo
2007 & > GSM-R 7 % iE48 F 2@~ @ * o GldodRad
R RS R 2T F B R R et g5 GSMR -
HEXPls 37— F o2 ouBEed GSM-R B E > @2 RanF
% % i# 7] # 4 LGV EstEuropéenne 4~ TGP Pos ~ # * GSM-R
R, 3 2016 & ot K5 18 § o 2 Uitk * GSM-R
Fi 3

2 LTE-R #5 2% 44

% B RSPG (RADIO SPECTRUM POLICY GROUP) # 2017
# 2 % =% T Opinion on Spectrum Aspects of Intelligent
Transport Systems 4r 2. > 274p £ 5 g B E 2 5 2(ITS)
AR EEFTHRL 2L - P LN F 5 RSPG &
WAE e - R R SUEE R/ R -

" Opinion on Spectrum Aspects of Intelligent Transport
Systems ; 384 ¢ > 5 B} 3 GSM-R 2. T - f4BELE kAL
MRy TSR
(Dav fF i ko gV ikl £k 3¢ (GSM-R) o 2§ %

PRFEFD R Flies ~ f BEREY 3 GSM-R o 2x4
MHz (876-880/921-925 MHz ) en%i— & fie o pt ¢t > & B |
B 4 4 873-876/918-921 MHz A& » 13457 & A2 F
RPN % * GSM-R #7 B o~ 47 £ (extension band ) » B«
5 & fe 2x3 MHz -

13 GSMR, http://gsmr —info.com/gsm—r_history.html

14 RSPG, Opinion on Spectrum Aspects of Intelligent Transport Systems, 2017 & 2 *
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(2RSPG 43 41 » p # st il 13 % % (GSM-R) %2030 £ 12
(5% €191 GSM-R A £ent > FP § & b § s
B oo MEEARL 0 BE mﬁﬁ-&’ﬁ B2
- B RAEATIY - B iAo BB YT R ie—
B F Lk Seni MR - BILE A A e Az o

Q)BT A kAL G LR PER > LA GEER D
AL ELSARFEIARR o BRER P
A LR AT AART GSM-RAEEfodf
(E-GSM-R) #g £
B.i¢ * 7§ ¥
C.ie * H s g fe
D.gr 8@ i % &% gt (5]4e 700 MHz £ 400 MHz £

PPDR)
APPSR IAERE K RE T AEFESARLF I E
Moo BB AT N B Y fRik S R T B o EE Y

FREAM FM R P A REE JUE RG] o B
4 873-876 MHz/918-921 MHz #f £ » RSPG 3¢ 3+ SRD ( Short
Range Devices ) ~ 10T & 3  fo#-13 &8 KA RABFL I 0 ol 3%
A2 E S DR - R ATIUT Y ,T*u 873-876 MHz/918-921
MHz #7 £ ¢ - 3R (540 2X1 MHz) 3u— * 30 K Kk G is
Wi o> & SRD/OT % S B EFFAT ©

RSPG 45 ) » B SR RABEL 5 Seefoif g 3 RV R 3 Fr o
BBt AR U E R RN Ble R L B g
BHArF R LABY ~ SN BR E BR RO
BRCBREY X

3T AR AT ERG

FEHN TR RBREADFE > EFR 2o HidhE & %
Hi7eod ETSI 322> LA F B - FEFFEL%H 7
BREEESE T KRR T R AR AP B PR
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Stakeholders and activities in Europe kapsch >
~H
% ELFOP_,\N m D
/ = ” N2R3
& = Vi
ALSTOM
Railway Undertakings FRMCS . , BOMBARDIER
ek v Project (‘ hift“Rai — sieMens | UNISIG
THALES
I kapsch >
‘%@ Ersy \%/ Telecoms
5, TC RT/NG2R R

| NOKIA YWhuawe ERiCSSON Z
™ CEPT Emesiidis funkwerk)))
: Amirsusisii

triorail

31 . TC RT : Technical Committee ( TC ) Rail Telecommunications ( RT )
NG2R : Next Generation Radio for Rail
TR kR Kapsch
Bl2l o T2 RBRAAFREAAMIITH R 2 5%

H¢d UIC & 2014 & 78 42en FRMCS % %> 5 da ) {5 4%
‘&g -FRMCS 33]7 = 1 i¥/] %2> & 7 Functionalities
Group ( Bl4ei# * ¥ F #4F34) » Architecture and Technology
Group ( Gl4c i ~ & > )~ Spectrum Group (& 4oig
R A S K ERI) B T R vt A RER

=
¥ - £ & % % Shift2Rail ; A 8_% 2010 # & * - 423 150

BazEEii & ’;%é‘ﬁ,.%.l T'FTJE 4k o Shift2Rail & 7B A% il
BERZPE A B o g a3 R G RIRTHE
Fo b g BRI R AR B R FRELT A L2
BB G PRAE A B B bR BB e D Hreh
IR

fe & 3GPP R15 ~ R16 & # & > chps 42 > B P 241> 2018 =

15 UIC, Future Railways Mobile Communications Systems, 2016 # 11 *
18 https://shift2rail.org/

45
A2 HEMA ﬁiﬁ%*“?ﬂlﬁ]/ e i Y


https://shift2rail.org/

LA

FEDABE A R A AFE mr T R E R AR F
T 2020 #E RGEFHE R ~ 2022 & KB AR 17 6 B A
3T N 2B

’

2010 201 2012 20013 2014 2015 2D1$| 2017 2018 2019 2020 2021 2022 2023 2024 2025
f

7 - Future Principles Choice of |
FEAN Model 1
? wov * Communication v v |v v v v v
ks System Opbrational  Detailed system definition  Trial Migration
Requirements Transition strategy
Workshop i Functional
Future of GSM-R Requirements TSl Updare
eS“"' Ral MGA!  MGA2  MGAI  MGA4  MGAS
” ) UIC specifications .
l[| lc 4 FRMCS UIC + 3GPP/ETSI standarisation / CEPT: spectrum
UIC + Industry — development and pilots contract and migrate

- i UIC: guidelines, coordination
ETS/ 3 !
&2 new [ swior | rars

.........................

™ LTE Launch LTE global rollout

LTE Enhancements 5‘3 Prototypes 5G Products
! 5G Standardization 5G Deployments

7ok kR - Kapsch
Bl 22 B TR ARG R B R

CLTE-R4B & * £ %

(- ) LTE-R 3t

UIC K T ehp R85 2020 &2 = 4R > & % 2022 & B 4p (i 22 o J8
2014 # 9 * e {7 R12 1 ¥ » R12 € LTE-R g2k ehé & 3k & ; 2016
E31 FAT A kBB FHER LN & 3GPP 1 it SALEF L7 >
5] 5 3GPP Rel-15 #+% 1 % » 11 8p 2020 # % & {28 7 % o

(=) LTE-R #g3# %3]

§ o RIR LR LA R R R BRI
¥HiEwk it & 45 0 F]t Sub-GHz aid#g £ 0 )4 450-470MHz -
800MHz & L-Band (1.4GHz) @ g4t » ¥ &> P mo 7m & 5 48B3 5 (P
X ) #* 400MHz #7 £ o

EAHAF AR R d UIC #r# A= h FRMCS & % - 2 ¢
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Bl > ke HEE 25 M o FRMCS & % 2 ETSI~ ERA {v ECC
& IF S AR A4 R > T2 WRC-19 ¢ &3 -

LT et AT Pl o 5 WEME S Mo R RR

FRMCS Project Timelines (based on today knowledge)

2016 2017 2018 2019 2020 2021-2022

Stydy ltem adopterd obility T D&T al SRS/ Test pla .
by|3GPH{ sATH74 QR S SIS Test plan
Use Cases for R15 PoG Testing nitial Trials

standardization. Gap | Standardization R15/R16 starts Lalnch
Analysis | |
| Armi\tl*mz Ci
‘ ‘ Spectrum
ECC WG FM/ RSPG/ITU * Conclusions
ST Follow up

ject becomes
C

Business Case/Migration concept/Legislative work (ERA, Commission, RISC)/ Changes in TSI

FAL kR UIC
Bl 23 FRMCS % % p iz 4

(=) sRpFe i

¥& & A " SafeNet 2+ 3 » 45 ® > 2014 & ﬁ*uﬁ'r“ 4038 17 LTE-R 4p B e
HE B 0 B3 h b 2018 & 4 B kTeo o R N feinHE 2 B SuBELT H
LTE-R-LTE-R & %4 52 BrrEg 3+ 3 x’ftﬁ@z]%@]]\ 2 7% %X LTE-R
Ao FFEHE 16 BE > ) 2025 £ F F >R ERE K 5000
A:

SRR T E BELT - AR ks (LTER) o ¢ E4BE
BAPR0I5E A THET - ABBUCHFETLFE | P E
2018 & & (7 1 23 % » 2020 & =0 {525 LTE-R % o & LTE-R #f 5 {v
BEEZR>m w1l BE3MFE DT LTE-RAE F @ "F # % * 450MHz
S B o

¥ B ETSI %57 > fie & 3GPP R15 ~ R16 - % fr > cripe 42 > BB R3]
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32018 EAE 4BEL A R J S meh F AT AR L E L A F R T
B 2020 & AR T HE PR 2022 £ KRB 4oie Tk BB
o F ek g RSPG dp IV A RABER kAL E R R L K
Bt L e flATRE Y 2 BRIER 0 35§ 2 UIC 2t WRC-19 ¢ k4% )

I R

B
28 TR RSB T REEE
? R "
uiC 3GPP #H
£ ETSI
By , , 2020 # | 2022 &
FTR 2022 # 2018 =
, - o BEHE | AR AR
S B 4 7 22 PRE
B 5
## | WRC-19 WRC-19
L - 700MHz | 450MHz | =
3] £ At g ARt
2020 #
H / 2017 # , ,
2020 # | Ri15- 2020 & | 2020 #
1 P
R16
J{' N Y oLl
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$23% RHETEEBARREAR

>
>

s

- & £
- BT EE

FRET T 2R L RHHE A 47TCFR Part80 3 101 0 %
> 8wl | a7 PR 73 (Safety and Special Radio Services) 2 # Part 80 % /&
1 EMTPRIF2Z T % § 2 (Station in the Maritime Services) -Part 87 % 4wz
& H 7 (Aviation Services) ~ Part 90 % p * ¥ wm {7 # PRi%(Private Land
Mobile Services)~Part 95 % i * & s R+ (Personal Radio Services) - Part
96 7 = X B4 & A 7 PR7%(Citizen Broadband Radio Services, CBRS) ~ Part
97 % ¥ 4& 27 (Aamteur Radio Service)~Part 101 & %) 2 PRA%(Fixed
Microwave Service) o F] &~ 7 ﬁ*é} * 32442 3 AMI -~ PPDR %
AT R Z A > Fp T I#)JJ'E] E RS
mobile service, PLMR ) :&2{=4ph 41 5% » & &
B eg (TE g SURTE > Thdgd AL F 2 e B e
P R R e & R %%i‘ﬁ
ﬂ}rf%is?ﬁ?.ﬁ’ui?férg,m*rmm BE o EFERF AR 2

7 % & PG+ (private land

—4
i
—
<
_\t
i
$e&
T\
(N
A
'ﬂ\
A —uE
=

4

>
ol
TS W

<ﬁﬁﬁ,%iﬁéi@4ﬁﬁé@ﬁ%@ﬁm9#%;OQ#$

4
oo TE B WP AR £
i

pud (ﬁq
Y
=4
o

<+

Pk EAMRESE PR EERT A g ¢

21 E(RFE) f A FF e (paging) frg T o

¥ 5 3> 1995 # 6 7 » FCC & PLMR #7% 2 #fE th4g * % #3*

4021097 £ 27 »FCCiHiE 71 %= iR L ok £ » B 7 20 B 34T
T

v

¥ixo T R-H o 55 BAEF = E (frequency pools) @ 2k % > %

Y5 B Personal » 72 FUA B A 0 e GRS P BARE R A P o ST 2R LT
8 sk@m 2013 & 17 1p 58> % R ¢ # 150-174 MHz v 421-512 MHZ 4 B e 3 B & 785 &
RIRFAHEEF L BB I FH (125 kHz & { % ) - Private Land Mobile Radio Services, FCC,
https://www.fcc.gov/wireless/bureau-divisions/mobility-division/private-land-mobile-radio-services  ( last
visited Jul. 13, 2017 ) .
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g (the Public Safety Pool) 122 1 #/% ¥ % & (the Industrial/Business
Pool) - 5%+ 2001 #57? »FCCi{ &7 % RH &L LY £ 2R
B LA g * 3t 800 MHzZ 1 T e f * B G (T E R (Ao @) 24) -
BORE kT TR PR R TR R PR AT A B e 9:(1)
150-174 MHz  ( VHF high band) ** 2 ®# R} ; (2) 421-430 MHz &
WHNRBEEF 2RI L A (3)450-470MHz 2B & # 5 (4)
470-512 MHz &2 UHF-TV £ % » 4 11 B3 7 % o

/ REFARMING FREQUENCY BANDS \

24 MHz OF SPECTRUM NATIONWIDE
ADDITIONAL 3 TO 12 MHz IN SOME CITIES

VHF 300 MHz

EXPANDEO VIEW
12| 2 23 " £y 248 2
s

30 MHz

= £.52 MHz OF PLIR SPECTRUM +|
150.3 1724
M e
UHF
300 MHz 3000 MHz
EXPANDED VIEW
v 28 20 20 28 4% 24 e G
Amens N AMARED PATH UNETY

e i ren —|  ———— e T L L B R |
4222 GOR G 4200 450.0 4700 OSCRoMEIERAY 3050
M nirte M [T [

\ [J NaTiONWIDE [] sELECTED CITIES ONLY L/
.

T kiR 1 FCC
Bl 24 w i % 45
A% 2 G (78 @ AT IR 4R BRGS0 4 % S 47 CLRR, Part 90-

- BB P E ARG CBARELBERTIRBA LR L T 2 e
Po BRI AR L EF P S B B e

EZR2F > 32 Fendjisdfce Flpt > pr @ MT i ¥ LR
LR 0 MR K BRI R P A B P gh P o

R TR A
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TR Al B AR R KT 2o B MR L 3 S ke

™ %
b —b

L AREGE RO P ad A NE- DT FE ) KREL
PG £fP e FP 4TCFR. part 90 AR LBH FA L 5w E 0 xR
&ML % (Public Safety Radio Pool ) 5 12 % » £ » 1 ¥/F 3 T
5% & (Industrial/Business Radio Pool ) » & = #2318 2 3532 o

7 M 47 CFR.Part 90 2 4= 7 f40 ¢

%
# R

o

(1)Subpart A % 3R] ;

(2)Subpart B CRI: 2% 2T i1 2/ Ean
TR RS FTRARE

(3)Subpart F % & 4 z_i> PR f+(Radiolocation Service) ;

(4)Subpart G = ¥ 3¢ 1% /8 (Applications and Authorizations)
LE-»?“’ ’j‘/"f}é SO E N «%p@ﬁ LA N #{p@%g EE;}BFgé f_,f{/”
A2 ¥

(5)Subpart H & #g I 35 fe # 3L (Policies Governing the
Assignment of Frequenmes) @A g L FI s B
TR R ER T

(6)Subpart | = 4% & @ p(General Technical Standard) > 4
fdor F 2 XMy R W SR (Types of Emission) & 5

(7)Subpart J % 23F § % H @ 4F 5k PR 7% (Non-Voice and
Specialized Operations) » 4= {7 # ¢ %3 % (Mobile Relay
Station) ~ 7 #_* #7 % (Fixed Relay Station) - i% ip| PR 7%
(Telemetry Opearation) % ;

(8)Subpart K & 4 sx 4 & 2 % # (Standards for Special
Frequencies or Frequency Band) » & +F T Fx 2 Foibrik
bl

20 Federal Communications Commission Wireless Telecommunications Bureau, Private Land Mobile
Radio Services: Background (1996 ) , http://wireless.fcc.gov/reports/documents/whtepapr.pdf (last visited
Jul. 05, 2017) .
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(9)Subpart L % 470-512MHz #7 £ 2 #7 5 & 3 R4 (UHF-TV
Sharing) ;
(10)Subpart M 3 %gr%s’gfﬁi%] gk zo w7 PR 7% (Intellectual
Transportation System Radio Service) ;
(11)Subpart N % 3% 7 2 4 (Operating Requirements) » 2. Z_# 4
v uF enid 3 (Permissible Communications) ~ ?‘—fi—: LEAN SR
i+ i * {7 % (Prohibited uses) ;
(12)Subpart O = @;@?J E 41 (Trasmitter Control) » 4 %> @
RS ESEaRE S e TR i) R
(13)Subpart R % ¢ * 763-775MHz % 793-805MHz #g £ 2_ i#
AR
(14)Subpart S % & * 806-824MHz~851-869MHz~896-901MHz -
% 935-940 MHz #p fx 2. i * 24 ;
(15)Subpart T & @& * 220-222MHz #7 L2 i¢ * 45 5
(16)Subpart Y & i * 4940-4990MHz #7 £ 2_ & * 4= ;
(17)Subpart Z % % 3650-3700MHz #7 £< 4% & & 50 F AR PR AR 2.
Hofe o
SR RG-ERAMAE
A F iR VHF S Ape - e 97 B o g F A
160.110MHz 3] 161.565MHz 2z_ & » 12 12.5kHz % 3 & o & B #f 5 ipa &P
AR fed £ RBERL € (AAR) FI5 i € £d ERfrdc £ 4 h
LFEAREL A (T E S € o
WEFAR K AR 5 s B fods 4 A BN A B R Y > £ R S AR S
BB F AR 2MIT BB FNERTICF R 57 B T4
BE AL e AFE B * N A ie AAR 97 HF EART 1 LE R g
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r;"J/’H{F'IT _‘$ 2,

-4 g o R4 R Y AAR B0 97 BHEEC > 4 & 160.110
MHz % 161.565MHz 2. & » e i 5 — E- 4853 5 & * i3 97 BAg L u b 2

A7 e e VHF 4152 %o 0 £ cnglie = i@ # 457.9375MHz e 2
1 5 J8 0 B ek 233K & (End of Train Device » ETD # i EOT) @31,,.] F|L B
B2 o

EE- i A S HERL R ABRAE TR E e B RA o b

o %o IS R 452.9375MHz 0B sl g R @B B g

oRER VD R hi G RAR RARS Do & AAR § iR ¥

iz EOT #g 2% » #%4% 5o 2 £% (Norfolk Southern) =~ @4 * 7 p & &h
EOT % % » H @ * 45 5 161.115MHz -

pLeb s RSB TR Y aHE S > WAAR S F BIREZF AAT

I AT A fie mitplg%.“;*’”vx%?*‘ RE T | foie £ 1 2 BRI

R
AT 2 MRELE U S 0w i AAR 2 E RABEL R R T T T
e T L
1.AAR 001-097

B AT A R b AAR HEE R - A > 3 A £ RR LR
oo AARMFER G HRIEZ 12 0 AAR é%fr%%é%%ﬁz%ﬁiﬁ
MaBh o L RATIE B R 00 4ot 24 & 5 024 Er i
2 AF K RAER oo gt et > 001 T 006 AR fde £ X frE K
* AR %’ FE R o

2.AAR 107-196

Pr- A RE R H 2t AARSEECEE 001 1 097 #Esg & * 2 4F
SUHEAE o pUAEaE k[ A AR (splinter channels) | 3t IR
70 AAR HEE 2 B o F B i r pE o 2 R 2R I 0 B
ST P AR LR o R EERE o T B

2L Jon Roma, U.S. RAILROAD RADIO FREQUENCIES, Wisconsin Historic Rail Connection ( Sep 20,
2017, 23:40) , http://www.whrc-wi.org/railfregs.htm  (last visited Aug. 16, 2017 ) .
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B RET A ERRT FALL AR 007 1 097 2 AR o

=t

faul
g

3.AAR 307-487

TAEAE o T ERT N GHEE K A I__;F'—”‘éxvzv'\‘ b
* 5 # &% 2 45 % 2% i AAR 001-097 F= AAR 107-196 4p
PE’ o

4.% &3] & f=4] % ¥ (Advanced Train Control System » ATCS)

BB prd] kAR S BELAR A S BRSO (TR o
SAEanle s o W LenfR g0 F G Bk & JABRRL S
g BT TR R A RIEE  EH R Y BSR
kol g Ly 0 2 BEL L ATCS Bcdp BRI 5 & 3
BAET M o & ATCS ¥ &% & AL » 11k % o LA K
2 AAREREZF aRTAE IR o

5.i » 7| @& =4 (Positive Train Control » PTC)

pult
(Eé
BN

PTC #.- ® #7571 GPS frficdy 4 so> 3 (7 & 455 B 5| 2
TP ko @ H RS L FEAREL R BIRALA] o 3% ki he
o 4L 5 3T A > 0 PR oK & iR 1 o 8228 FCC

FREF PTC A1 & * 4 » P w4 7 ¢ SEH
220MHz s £ % %2 PTC cut % o

St
=

6.\ & 35 (Train Telemetry )
rl B R E R v R e (EOT)
AF T S S EcpE B et Fe b d gy (HOTD)
Wio gt XEHFLD L A7 ’i'.uﬂfi-%; AMT ID W
b4 H

& * 450MHz
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=" i ?f?_?nuﬁﬁé#

TSI AL | R S 2 H - 5 ]

# 4] (command and control ) #g 3% ; # = % 2% (common) #f 3 o #
iﬁ"%ZE&FCC%?T C BT AR S EERY T ek iR
Fe dEFRERB IR EFE 2 EE IR T RY

M éf_{{'@z@’i’r FHEEY > TR AT N AERA LY TR B R
%%’ﬁﬁﬁkﬁmﬂ$1@ﬂauwﬂfﬁg B 2.
DSEMHP R AR kA ISM #E £ 1902~920 MHZz~2.4~2.5 GHz
fr 5.725~5.875 MHz?* -

ERFETRZFHFRIT A F T 2L - BTGRP ifz o

EAE S 0 B W B E_i%1F 900 MHz (902~928MHz) s %31@@?1 prob g

% 1§ WIMAX 13,650MHz & #4532 » % AMI FE T REHp * &
41 (Private radlo).sP& Bt T wiledrd AMI i ISMBand i {73% &
B #‘J#ﬁ % = 47 C.F.R. Part 15 (RADIO FREQUENCY DEVICES) - u'\:hj—\
815243 3% > - 890-940MHz #F F 8 T2 K & » H 7 (B * 2+ 1F ﬁiﬂ =g
Bapza 4 o HE ek 30 &% ﬁﬂg‘s@@p\ 7 # 4z & 500
microvolt/meter? » 4 %47 B 73 (T2 2% & > 7 Jp il 8 FCC A 3N g4 18
BERPEG o

— S AMITFERHL LR (DR (2) 288 5(3) =42 5(4)
FRErREF R (5) T (6> B LR (7)) FAf 2
FodTRaoRAgpHmR T AH > Ft o T EFT T LR ¢ (the Utilities
Technology Council ) »* & FCC #& i 4 e 1,800MHz-1,830 MHz 7 30MHz
BB IR X F EINP R § -k 2020 & 7% 0 AMI 3 35 odrp
ELR2Z R T8N LE A RARE- BPUAHFELZEFR S L Ridas

__,E)):

=t

22 purva Adke, Jesse Bumanlag, Bryan Edelman, Uller Doetsch. Lhamon, University of Colorado,
Spectrum Needs for Wireless Smart Meter Communications, 2 (2011) .

23 U.S. Department of Energy, Advanced Metering Infrastructure and Customer Systems Results From
the Smart Grid investment grant Program, 28 (2016) .

24 The field strength of any emissions radiated within the specified frequency band shall not exceed 500
microvolts/meter at 30 meters.
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47C.FR 890.16 % B = # % > B 73+ & (Public Safety
National Plan) z. iz » E3z oz 2% (A aoxx >
ARTEBTHFURELRT 7)) TP A - 2
FE 2RSSR S ST-I2 5L R R 2 o £ 0@ H A
& % SF 3 7 R £_806-809 MHz #7 £ fr 851-854 MHz 47 £
Fl 2 F R E R Y R T H R RO E
WEREETBER 110 22 (684 F 2 ) % R E FL 4
EXR 140 22 (87 #2)e L BE | SEE
FEAOLERFFTREFT AR 282X 2RRE
FER A SK L2 BAT 23S &8 PRL T8
% iz P 4TC.F.R890.20 (a) 2 % > P77 T 7| ¥ B (d & &
FrREREFTZAM(E T TS o F
%\ﬁéFwﬁ&?W’mﬁﬁﬁ&2#$i%%ﬂ@rﬁ
Y ABTLORERA L NFR TG G g

(1) 7 ¥ ’fr’@ B
(2) REPRER ER ﬁ';s. Ao ﬁjﬁ'{ffvj‘%}ﬁﬁ_;

RFEFTHREAANERFL GRFRBAL ST 7 TR
ey BFEOR 0 R ERA RS
Wm\ f%mﬁu@%iéoé®?$ f%mﬁ&i
%ﬁmﬂ&%ﬁuFm%4‘;H(ﬂ&éﬂw%ﬁ)ﬁ

% Call for sufficient communication spectrum for AMI and smart grids in U.S., Metering & Smart
Energy international, Feb. 3, 2009,
https://www.metering.com/call-for-sufficient-communication-spectrum-for-ami-and-smart-grids-in-u-s/

(last visited Oct. 2, 2017 ) .
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%Alex Grubbs, Sen. Wicker: FirstNet’s Emergency Coverage in Rural Areas is a ‘Major Concern’,

cnsnews.com , Jun. 23, 2016,

https://www.cnsnews.com/news/article/alex-grubbs/sen-wicker-firstnets-emergency-coverage-rural-areas-ma

jor-concern  (last visited Oct 21, 2017 ) .
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*T e ¥ 758-768 MHz f- 788-798 MHz =g z# » 1 2 768-769
MHz fr 798-799 MHz erif- A48 FL > 1 R g R IT AR SE e+ 3R o
Wipiz Zent £ @ % S FE4~ 10 & fgd FCC &
fic & FirstNet o 4o FirstNet ¢ & f 77 3% {7 5 eh&x i3> P ¥F
MAE G100 & o

Flet > 700 MHZ o e & % > it & 5 34 MHz g3

FEVHRRT I- 3 ’#;3%;’* %:‘E’ﬁﬁéﬁZZMHz; N S
FHARE 12 MHZ (4 & E35 5 ) - 2 > 800 MHz #7 B p

27 AT&T Selected by FirstNet to Build and Manage America’s First Nationwide Public Safety

Broadband Network Dedicated to First Responders, AT & TNewsroom, Mar. 30, 2017,

http://about.att.com/story/firstnet_selects_att to_build network supporting_first responders.html

visited Oct. 2, 2017 ) .

2 Lennard G. Kruger, Congressional Research Service, The First Responder Network (FirstNet) and
Next-Generation Communications for Public Safety: Issues for Congress 17-18 (2017) .
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30 OFCOM, Business Radio Licensing Policy Manual, 2010.
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* 9 HEE A&
WE B A g #E B 4 5 45 B (MHz)
High Band 165.04375 — 173.09375
% & # R £ (Highly
Popular Bands, HPB ) UHF 1 425.00625 — 449.49375
UHF 2 453.00625 — 466.0875
R B P OH K| \MidBand 137.9625 — 165.04375
( Medium  Popular
Bands, MPB) Band 111 177.20625 — 207.49375
Paging 26.225 — 49.49375
R oA B (Less
popular Bands, LPB ) Band 1 55.75 - 68.0
Low Band 68.08125 — 87.49375

74 %k OFCOM

# 10 HREFEHE P
% 2 BREAMPIE | P REMFHEE R B R
UK 9900 8250 3300
England 8275 6895 2758
Wales 490 410 163
Scotland 855 710 285
Northern Ireland 280 235 93
GB( England, Wales
and Scotland) 9620 8015 3206
7L kR © OFCOM

2.3 k4 T3 PR (Technically Assigned )

Pty RRBEAT B ERATHARY BB G @7 E R
RAES 0 ¥ F AV & B e OFCOM ¥ -4

?ﬁ?){%i&f;ﬁﬁ;’j,ﬁ ,%?m&ﬁﬂ;gael&ﬁ,ri,?r}‘j&

AR 1

H-2PaieFli 28 /PR T > 3y THRE T a7
th T H B E L PR E R IR
Pty TR AR R SRR AT R
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AT BB mRBEHRT e RY Ao T AR o
7 B Population 2. $-#c > R 5 OFCOM #-2 & R ik B 2 %
AEZ B RASRY 2R TR F o
o 11 AR BREF L HL
% # ¥ 4 % | Combinations of ERP Power | Operational area
( Coverage| (P) in Watts, and antenna |radius (R) inkm for
categories ) height above ground level (An) | mobile to  mobile
in meters — for base station systems
p W1 P<5Wand A, <10m O<R<3
P<5Wand 10m <A <30m
HpE| 2 3<R<15
P>5W and An < 10m
P> 5W and A, > 10m
#p | 3 I15<R<30
P<5 W and A, > 30m
L kR © OFCOM
# 12 R EBZHAEY F
Band . .
category Highly Popular Medium Popular Less Popular
5;:;’:%9 1 2 3 1 2 3 1,20r3
Assignment| ® ® o © o
3} = 3] = 3] = o = (3] c o = or Shared
iy A I N+ IO N N A I O A B O
Population | £200 | £100 | £740 | £370 |£1480| £740 | £100 | £75 | £370 | £185 | £740 | £370
category A
Population | £100| £75 | £200 | £100 | £300 |£150 | £85 | £75 |£170 | £85 | £250 [ £125 £75
category B
Population | £75 | £75 | £95 | £75 |£110 | £75 | £75 | £75 | £80 | £75 | £90 | £75
category C

74 %k OFCOM
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KEY:
Red square — High population (A)

Dark blue squares — Medium
population (B)

Light blue and white squares — Low
population (C)

T %R : OFCOM
B 25 UK 4 ¢ A % g
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%% GSM-R e * » ® R © #3355 % 7 Fo e T4 B i 2 3 K
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93 BRLAH GSM-R 4% 8 & % T 32 R34 R 0k

Al 2 4R A 4 0 GSM-R Bl i e 2024 AL H @ chB e o B
L33,

sr

P v it 2 i85 0 00 LTE-R B~ GSM-R» H $. 1 & th¥ £ £ 7]
AP R B hF Jo B GSM-R 473§ IRAEF i 03GPP & 2012
£ FI AP o IR > H p R A pFiE 350 o 2w iR hs| B R
# S 4E Ty @iir?r] »m LTE enfl =L p¥2 GSM-R £ % - #Am p = LTE-R
Mg RATEMEH Vo hE Iy = 0 B - E AP P B GSM-R #rig * i
872-876MHz 22 917-921MHz erfe $H45 £ 5 B = F_#-H Ae § »+ 700MHz #f
o @ 7T00MHz A Fx B> & 3 2018 3 2020 # 4 5 ¥ s Hg-;g dUHE B iR
7 # = H22 % % 400MHzAE £ o d »r LTE-R fp 3+ #-F & S5MHz fe
2 853 (%35 10MHz 2 48 %) » 5 fe B 30 MO - R R E R 2 {7 53 7
< & (Administrative Incentive Pricing,AIP) 3 g 7 4] & > 4ok 4F £
H AV %N T E U RIF A 0 T A IR £ TR R

31 OFCOM, Spectrum Information, https://www.ofcom.org.uk/spectrum/information (last visited Jan.10,
2018)

32 OFCOM, UK Interface Requirement 2064, Business Radio — GSM-R, 2006.

33 Technology Strategy Leadership Group (TSLG) , The Future Railway: the industry’s rail technical
strategy, 2012, available at
http://www.futurerailway.org/Documents/RT S%202012%20The%20Future%20Railway.pdf, ( last visited
Jul. 2nd, 2017)
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MR EAAS L FERLIHFEE SR 0 TRERDR
oo T3 2009 EHF T MREIGE o MTETEIIERELE R
BREHEFE Y 2013 sy FRSONE AR T AR R
ET ppiRdskiet > 1 2012 # B

2010 & - p#ftl~%]a,—ﬁoa, PEFRFEEFETRAFIES &
i B ( Smart metering equipment technical

specifications, SMETS ) » #& 1 £ 2 it R & P it & ~ BB TR T F -
BEB - PRERLE S % ¢ EER

CEFETREF BT FEE BTSN T4 miE g o
B8 2020 &0 & RERPFIE T AETH NI AR FER
BRETRT A i > R AN L RS PR LR

2013 # > m AR LIL B ¢ (UK Spectrum Strategy Committee

UKSSC) i %_#- 870-872 MHz 4 915-917 MHz = B3 d B 308 11 %
A% A% @R EFET & (smart

S

e o275 BE T o
FROFFETREREE

AR T %%?%%%3%%
4
PR

OFCOM » # ¢ 870-876MHz 3 F >
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e P BT B R - BRI ER R A g
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e Ef8ivp szanﬁ TR * BT o Blde g iﬁ&? Home Area Network
PF oo IR H ﬁﬁﬁﬁi@&&%ﬁﬁﬁ%@ﬁ%ﬁjﬁ&r Zigbee % i ;4% Field Area
Network - B ¢ # * RF Mesh ~ Wi-Fi & » 7 ¥ i £ * 4= WIMAX ~ 3G/4G
F O R B 4ofk B~ Wide Area Network pF > i % 3212 3G/4G & ik
N P RS X R e

peeb s B 2015 # e R RSRH L o h T AR g RS T Akt
s & 7 4 VHF & (50-200MHz) ~ UHF £ (450-470MHz) ~ L-Band
(lﬁmﬁ\m%Muiﬁﬁﬁ%Q?ii%?’ﬁﬂﬁﬁéﬁﬁﬁi%
4] > OFCOM & & F It ;% o ki it haR 2

B R RR_DEFRER Y

1.PPDR

FHERSE L 2EH 2R A &4 p By (Cabinet
Office) ~ #7 3 vz £ R ¢ (Spectrum Strategy Committee ) ~
2o E2 % >AE e L) 2= (Public Safety Spectrum Policy
Group, PSSPG) § % > H A A~ f & 7 OFCOM ~ 7 %3
(department of Business Enterprise and Regulatory Reform,
BEER ) ~ B 2% ( Ministry of Defense, MoD ) - PSSPG i & §
ﬁimﬁy@%%iééidﬁﬁﬁiﬁﬁ%ﬂﬁ%?’?{,
BRI A —g » 782 OFCOM {3 #p2§E + = 3\
w R Fe e 1999 # 4 fj‘wﬁ% & =112 TETRA ( Trans-European
Trunked Radio) #oji » &4 @ sl # e pt > R IEER
WP RKEEE R cTETRAZ #2800 E 2 R4

3 OFCOM, Consultation on 870-876 MHz and 915-921 MHz, 2013.
35 OFCOM, Statement on 870-876 MHz and 915-921 MHz, 2013.
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ESN 2~ 3.4 0 TETRA & b # R gcfps 2015 # &2 > 3
% - =~ fi# i [ Everything Everywhere (EE) % % > d
EE #t2& = 2 Fdid e ESN - #idF 44 B ¥ 2 H =50
B EKIRIEE =183 BicERAH =2 H s 4245 400 B
\4’—1:_?_“ m/r’&ﬁ-'%?ﬁ‘j

= éﬂﬂ F).

24 £ dsdgERT
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B AR B AL RPN R T R AR B o R i e
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FIMSENERZ RpEFETEHNEA - 2= BAR
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% 2019 # WRC-19 sz 22 — (ITU-R % 236 5./4-3% (WRC-15)) - &
2016 & -7 WP5A ¢ &% & P » CPM ( Conference Preparatory Meeting ) &
%12 ITU-R e8F £ ¢ 72 RSTT (Railway Radiocommunication systems
between train and trackside ) (PR 38 > gt € R A R A B AT (i
BOR R~ AR ‘iﬁl E) ARG e

PSR E BRI R E R I g T v B > 2016 £
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4 Kenneth C. Budka, Jayant G. Deshpande, Marina Thottan: Communication Networks for Smart
Grids: Making Smart Grid Real 253-254 (2014) .

4 Japan Water Research Center, Smart Water Metering in Japan, 2016.
47KDDI’s 4G Empowers Japan’s Utilities, Connected Living Case Study Series — Utilities, 3 (2016) ,
https://www.gsma.com/iot/wp-content/uploads/2016/02/cl_kddi_utilities 01_16.pdf (last visited Oct. 5,
2017) .
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HE et e PPDR 2 4 ~ b A B e (4
%E?}ﬁ’:%ilﬂ’ﬁ TREEIAEoR Y RRT) L oFH
(1) B XaERT (60 MHzZ 485 )~ Bkl W 4 25 5 (60MHZz
ﬁﬁﬁl) (2) PYaAT (IS0MHZHER) - B3 B LERT
(150 MHZ #g )~ F T (150 MHZ #8820 ) (3) B %
&RT (400 MHZ #5 £ ) ~ Bty &8 % =8 % 3R 3% (400 MHz
FE) D g T E (00 MHzZ#EE) (5) A¥ B LER
% iz (846 1 850 MHz 4+ 901 & 903 MHz) -

NS

2.150/260/400MHZ # 5 # - m MR AR 5 5 xig *

P& R4 2014 & (T 226 & )5 sl 150/260/400MHz
Tz B a gl ko Hnfat @ g

r“!’
RASKUEE  ARRERRN > P APTE %

S I E S s m U LAN 2 2 RFID #i9 &2 #8758 &
e fTER R AR S BB B LA € EAMeR L M anRE o E

AR EE E R B R 0 R EMEF T AR L
e L T LT USRSV Y P

R A FFRAR T LRI BFELN S FFaz A 2 & [ORTER L
AR ARG sk F i QER T A AR PAEF 0 xR QR L A AR YA S g
»eig b Fr R | o
O (Tw gl %7 7Yavy 7oy, O0%) Rixg TR k—arX—Y >
http://www.tele.soumu.go.jp/resource/j/freq/process/h16.pdf (& ts i f p : 2017/10/30) -
Sy by 7o (TEBR YR EAREIC OB AT F I Fﬁ#é#ﬁzﬁrmww DI

150/260/400MHz # ¥ 7% % (78 & R D % A G | * B+oHFLEFRENLD-MEE )
(#Fsg F4L) > http://www.soumu.go.jp/menu_news/s- news/Olklban09 02000117.html - (2014/03/25 ) -
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BERMOY pAG ¥, oREod> (k) RXrE ry T
http://www.soumu.go.jp/main_content/000233132.pdf ( %2 5 p : 2017/08/30) -

B O(FHREFRE HHRUEUGHFAFE BFARIZLR €2 (%)) ABE Ly 7
http://www.soumu.go.jp/main_content/000280116.pdf & 5 i f p : 2010/08/30) -
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B 4r 400MHz #g £ enim # A & 27 > MCA (Multi Channel
H

Access)# T 4% 4 fe 3 800
TE ke R B
g R P P
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ZH 2N L FRERT
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e e 22016 # 50 (T 28)
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60MHZ A £ B 4%k sem T (FFd ) ®o

B % ] g o
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MV IR A gFER A RHT
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R AR (TARL I B FL 3E
+ %2 ca A &5 oh R = % 3
2 19p AL B AFRRT LT L2
Annexed Table No.1 (Related to Article 2 and 3)

Name of coastal ||Call sign or call Watch Communications |[Name of traffic route in charge

radio station name frequency |/frequency

Yokohama JCG 156.8MHz 156.6 MHz  ||Uraga Suido T.R.,
Yokohama-hoan ||2,189.5kHz 2,177 kHz Naka-no-Se T.R,
(Yokohama Sea 2.150 kHz
Patrol Radio) 2.4175kHz
004310301

Nagova INT 156.8MHz 156.6 MHz Irago-Suido T.R.,
Nagoya-hoan 2.189 5kHz 2.177kHz
(Nagova Sea 2,150 kHz
Patrol Radio) 24175 kHz
004310401

Kobe JGD 156.8MHz 156.6 MHz Akashi Kaikyo T. R., Bisan Seto East T. R, Uko East T. R., Uko West T. R.. Bisan Seto North T. R., Bisan
Kobe-hoan 2.189 5kHz 2.177kHz Seto South T. R.. Mizushima T. R.. and Kurushima KaikyoT. R..
(Kobe Sea Patrol 2,150 kHz
Radio) 2.4175kHz
004310501

Hiroshima INE 156. 8MHz|| 156.6 MHz
Hiroshima-hoan 2.189 5kHz 2,177 kHz
(Hiroshima Sea 2,150 kHz
Patrol Radio) 24175 kHz
004310601

Notes: 1. When 156.8MHz is being used for distress communications, 156.6MHz shall be used as watch frequency.

2. English call name in parentheses only used for communication between a radio station of a foreign ship and a coastal radio station belonging to the Japan

Coast Guard
FTHAR D P AF A F 2EHGFIED
Sy i (ENRY ARV AT L2ORPF LG (LB VYSFALA T4 HY V) & 428 > #&

» (2017) » https://www.jstage.jst.go.jp/article/bplus/11/2/11_86/_pdf (& i3 F1F p : 2017/11/03) o
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2 20pkhiBARMTHEMS L2 -

Annexed lable No.Z (Related to Article 2)

Name of coastal radio station|(Call sign or call name ] Watch frequency||Communications frequency
Kushiro INX + Kushiro-hoan 156.8 MHz 156.6 MHz
(Kushiro Sea Patrol Radio) 2.189.5 kHz :;=1 "_'7 KHz
004310102 2,150 kHz
24175kHz
Shiogama JNN - Shiogama-hoan 156.8 MHz 156.6 MHz
(Shiogama Sea Patrol Radio) 2.189.5 kHz '?’ ! '7_7 kHz
004310201 2.150 kHz
2417.5kHz
Moji INR + Moji-hoan 156.8 MHz 156.6 MHz
(Moji Sea Patrol Radio) 21825z Ll
004310701 _,l:_O_k_Hz
2.417.5kHz
Kagoshima INJ - Kagoshima-hoan 156.8 MHz 156.6 MHz
(Kagoshima Sea Patrol Radio) 2.189.5 kHz 2,’11_ kHz
004311001 2,150 kHz
2.417.5kHz
Naha JNB - Nazha-hoan 156.8 MHz 156.6 MHz
(Naha Sea Patrol Radio) 2.189.5 kHz :_;1 i KHz
004311101 2,150 kHz
24175kHz

Notes: 1. When 156.8MHz is being used for distress communications, 156 6MHz shall be used as watch frequency.

2 English call name in parentheses only used for communication between a radio station of a foreign ship and a coastal radio station belonging to the Japan Coast
Guard

PRBEH

A g M kAT T 52 (Telecommunication Acts)
i % BA iER T ﬁ*ﬁ**gﬁiﬁmﬁ‘ BB B
R R PR o RATHH T B2

TGS A PEA S Wﬁ“%~ﬁﬁ¥:$%U?§%1§ﬂﬁﬁ’
g HGK s G h# 2 % (Facilities-Based Operator ) » ¥ — #g _4 JR
ﬁ;ﬁ@;%ﬁ(SmeB%wOmmwddigsﬁ@ﬁﬁﬁj?%}
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(- ) 2% 7 i pR# (Public Mobile Service)
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AN .|.'

851-866MHz > GRID i & # i~ IDEN z_ g pRG%: » i 2 AT4c 82 00 &
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B2 PR T o R 2SO PIRELR F A R
ERPTAETFER - ?ﬁpmﬁ%%*itﬂalﬁwwﬂigﬁr
FAf 3 o Rl $R B P M fei2d 2 fpH % if o § SRBAPAR > 2
FHROTRT ZAPMRAE > TR S ARM L R
AEPRIFZ PR > GRBEFTRY 2 2 AT S K
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e AEE (X) %4%* w$7§
X <25 kHz 400 SGD 300 SGD
25 kHz < X < 500 kHz 500 SGD 400 SGD
500 kHz < X < 10 MHz 9,200 SGD 2,500 SGD
10 MHz < X <20 MHz 29,800 SGD 7,600SGD
X > 20 MHz 44,500 SGD 11,300SGD

TR KR AT R TEE

(z) =R RT %% (Short Range Device)

W PRFRG B OB A A R T R %iwﬁ%ﬁ’ﬁﬁﬂmﬁ
@Kgﬁﬁé’ﬂ&ﬂ%ﬁ%iﬁﬂﬂ%°ﬁi&% K‘W%%

GERIIY B S REY EEE RN S T

~ & ﬁfp-kﬁaﬁﬁwé‘—%

[Frovsl Tl 5 B *g 2 5 IDA (IMDA z_% ¥ ) |3 2016 & 2 *
BoafrhegnbdagEhREITELREEFHTE (IMT) 4o
IMT B FFPRIS T 4edp Fdd B3 Fonde s 4 |32 > > 700 MHz ~ 900
MHz 4= TDD #g 37 3 e 01 @ dp po 2 3% 4G 12 2 IMT-Advanced
R L)-8 s S

LHRE S & FEH 4 bk L& % 7T00MHz ~ 900MHz {- TDD #7 £

FOMBE TR E R > 3 IDA £ AT g A AT P B RF T B
w4 E. (HSR) #%% EGSM #f £ -

IDA - Hdpdl > Arde e kT L E aidimATie B ko I 348
ciF (TR fo 4% EGSM A B i 38 4 310 17 % 3L (7 % 248 o0 GSM

%  The Info-communications Development Authority [IDA], INFO-COMMUNICATIONS
DEVELOPMENT AUTHORITY OF SINGAPORE FRAMEWORK FOR THE ALLOCATION OF SPECTRUM
FOR INTERNATIONAL MOBILE TELECOMMUNICATIONS ( “IMT” ) AND IMT-ADVANCED
SERVICES AND FOR THE ENHANCEMENT OF COMPETITION IN THE MOBILE MARKET 76 (2016). ;
Julie Garcia Welch, Senior Director and Head of Government Affairs, Southeast Asia & Pacific, Qualcomm
Incorporated,4-5 (Aug. 26, 2015) .
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& GSM-R) =gz & & » ¥ it & 880-885MHz £ _925-930MHz %~ >
?M%Wmafﬁiﬂo
e 2Pt 2 Fgi2  HHRPDEBRRZARLFEF LT
ﬁﬁi@%%ﬁﬁ%ﬁwﬁ&,ﬁ%ﬁaﬁ&ﬁ o0 ¥ ZERAR
P e T e B Q00 MHZ #EFC 0 Jei%d ¥ oAt { 5 HEE T
bR EABBEES Y I0F LTE 497 (7 B {eP B
¢ 5% LTEeh ks € f 8 ¥ 5~ GSM-R >
IDA P w0 & #7% Jg % GSM-R Hjis# 3t B i 4583 2 4945 7 Rt
T LTE % 37 prengl » o 24k chiag2 g”ﬁ BE4FEe » 2 5 B4 ks
A AR T R oA fRE (78 B4 900 MHz 4 £

Bt B o

c R RGTERNAE

IR B AR AT A T AR (AT TR R RS
F o AT T R f ﬂc%fi}@?* KRB Lp kel 24 0205
AP g o AP E B R E L e fo X Bicdh 0 @ AT B PR R
SRS = U R S R R E R
g Ag o RERPITRT A A K F o SR FEFRT
g P AR ehE B R and Y

$o o e (loT IR 2 4> 0 L FaTe st P E R RIE R © /5 1 2015
£8P AT I N o S m R X R 2 B R PR R
R R b e L AR I o RS RS

R RR-DEFRERR

Ao $3 PPDR 230 > NI L HY v g d nBEER
mlél &E’ ’L% ]‘4’ o

S e o B 2RAe 2R G G - RS TR FATES S TR e
8 DBS Bank Ltd, Regional Industry Focus Internet of Things & Smart Cities 14 (2015)
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1.4 B 342 % 2 2 % 2 (Motorola Solutions ) 5°

H A IDA 4 g 1-6 GHz ## B criig 3 4 & £ 45 38 5 3
5 e (T B ROMEPRAE 0 B P R ARB TSN 0 B
1-6 GHz p fs3zie— # 4 e % 5G PPDR - ¥ “ » 30 r 40 GHz
B M- FE R &£ 4 175 5G PPDR 4o & JRA+1F 5 IMT IR
Fren— WA o

¥ b B > 824-834+869-879 MHZ 45 £ 4 Jg * P T fpié * 2
FERHIRE > A 2 A NP EEFHRY o FIL R R
MR- fg e £ X KT AR ?\Bf &AL
PPDR gt » I #1884 22k o

2.z¢ =1 3 2 (AirBus)

BZY B0 ORI F RN BRI E L RERT A

g ABF o 2 Fe i B S e R R S A 4 B RO anf e E

* o F] M\ﬁ Band 28 ( APT 700 MHz #7 £ ) f 5 ¥_PPDR
Mg E o

¥ ¢t > 800 MHZ PMR / LMR J3% 2.8 & * » 2 i % PMR

B3 & 57 4o LTE #jiw>t PPDR ¢ 18 * o

‘?‘“

3.374cH P AP ARL

M B {5 IDA #* 800HMz i % PPDR i¢ * » ¥ ¥ ¢ gt
3GPP 7 band 26 * % LTE #& * - iz BAEE P » 1I0MHz (T
) +10MHz(} @) hiz wag i 48F 11 (75 PPDR @ * o

59 Motorola Solutions, Motorola Solutions response to the IDA public consultation paper,
https://www.imda.gov.sg/-/media/imda/files/inner/pcdg/consultations/20140422 proposedallocationspectrum
imt/motorola-solutions.pdf?la=en, (2015)

80 Airbus Defence and Space, Airbus Defence & Space s answer to iDA second consultation on
proposed framework for the allocation of spectrum for International Mobile Telecommunications (IMT )

and IMT-advanced services and for the enhancement of competition in the mobile market.
https://www.imda.gov.sg/-/media/imda/files/inner/pcdg/consultations/20150707_secondpublicconsultation/ai
rbus-defence-and-space.pdf?la=en, (2015) .
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Fww~hq$‘ﬁ9%§(Q%ﬁiﬂﬁ’TF)&i~@
FHFART LR P ERRI MR J R MNP
g T P %ﬁﬁ%ﬁ RTERE S FLR* ZRT LW
WA R R AT R B o RARR G MNP R %
FINERTLARE ERT L FUBOPF T LFR
TRST PR o VR FEOTEE R e~
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® % Ty (=) AR A B AR DD u%%£¢
% ¥ 731150~ 400 ~ 450MHz #f 4 i3l B 48 5 5 (= ) 2MHz
ﬁﬁﬂlﬁﬁlﬁﬁrﬁ%ﬁﬁ (=) 24GHz i i i
@%ﬁ%%?ﬁﬁ:(w)ﬁ%(BMR,?w%?%ﬁ,
7 ) 800MHz 2 7|k fes] & & 2 &E L i ¥ 455 5 (&)
TSR DHE TS o ;_a, 2 78 A0 2.4GHz s
BRELLD  BRELCHES » A2RMBERY P Y71
ﬁ@?ﬁﬁ?%ﬂ%ﬁﬂﬁo

¢ORfs kAt 2015 Ao R aRT W~ ¢ (World Radio
Communication, WRC) # 148§ & 40 T 45 B R 4R 8 L g,
oo TpE o 2019 £ fhs g RARY o WA IF LSRR o

3“/‘\“3\

2:3# 7 PSR ER2 R 1

ﬁﬁ%’é%ﬂW§%ﬁ%ﬂ$£’ﬁﬁAFﬁ%ﬁ%“’
PEULEBE YRS LR S ST
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fi_@ﬁ%]% EEET IR A ST - IO SR T =t A B A 258 Alaskd
& ¢ LB 0T & % %o (Closed-Circuit Television, CCTV )
Z 33 & 3 (Passenger Information System, PIS) - # ¢
CCTV 0 fap cniE S HFETFE o » FHEME N
AR EBF LB LT B Gk LB E Y e
BIANP T T E T UTELRS A hE e 0 YR
P4 RBERE Fah chf e 3T PIS A AL & 4V4EE B B

DA B PR T Bles B Bl F R H A
m'ﬁ\; Fl R lE'lf—.F'x %)K{Jkﬁnﬁw 9 3% 3] “&-’fr’\’f' qfﬁﬁ
£ g Ap b nd e i e AT -

CCTV i ﬁ;amu a# ek BT R L R
S BE T AT o@ PIS ki B ET zp—fgm 4
BEA LT - LRE R R RRET TS
ENIL P o

SfRAAR R PR RE ¢ RO 3830 2015 # N v 32 4p
8. 3 %734 1.8GHz (1785-1805MHz) 2 #f £ » 12
TDD 2 Hjie# 38337 i 2l &% @ 2 o H o™

% 221785-1805MHz #5 £ (TDD) # et 4

1785-1805MHz #g £ (TDD) # k242
A 5 o F] 1785-1805MHz
ot pes g1 (TDD)
AR AR 250kHz ~ 500kHz ~ 1IMHz ~ 1.4MHz ~ 3MHz -

5MHz ~ 10MHz

T AR T b =k 3 & 33dBm/MHz

o] % 3 23dBm/MHz

AR 0.1x10-6

f kiR ﬂ\lﬂﬂﬁfﬁ’

62 #f3) B g BAL A G AT L BB )Y w2 BAGE ke

63 (B>t & 474 % 1785-1806MHZ #F FL 44 » f S g * 7 el 4v) ¢ 4 A £ frR1 ¥
feF 3 2% http://www.miit.gov.cn/n1146295/n1652858/n1652930/n3757020/c3764806/content.html ( #
el p : 2017/06/30) -
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g VRS U R R RN KR R ELR 0 U B R
*ihf‘?iﬁ‘%f’éé&%%f‘&i FlE TP g i
SR R (LTE-M) g (373 Fuf 2 § 2 56 6
A4 2L (LTE-M) 255 ) o @ LTE-M 2424435 3 i R x5 &
¥ j+Z £ TD-LTE % % > ¥ B pF £ & CBTC
( Communication-based Train Control ) ~ B %832 & £ - ¥ %
TR EWA AR (PIS) 3l FRRETRERL

af&ﬁ%&ﬁl%ﬁ%~$ﬁﬁﬁ%%%%i@&0%%

[

-

% 2014 & > ¢ B B R TD-LTE #[3# "iﬁ%; SIS I R )
FRM BB Lo P Sk o A R B S
BT FAECFEFECBAAEE LI BRSO g
LTE i @MTan kst LfPEsm @bt
GSM-R s 5 o

# 23 TD-LTE »t ¢ ®enipiE jkw

HEH b 48 2 BLAR CBTC+PIS g
AR AR TR CBTC+PIS L
Bo&AA LM CBTC+PIS i
TAEFMHS5-105.45 |CBTC el
TR ABIER CBTC e
FE4i6-7-8%5.54 | CBTC e M
F & ¥ 4 R5 3 CBTC+PIS+CCTV ~ |# % ¢
RV 4 14 B Trunking+PIS e

TR R RT fuig 2 ™

i

R RR-FETREAR

0 (LTE 4ta 2 | BN % if e b 4883 LTE 7)) > RT #uig 23 >
http://tx2016.rt-media.cn/list/13427.html ({55 p : 2017/08/30)
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1.TD-LTE & 5 3 $ 51 »

FORPEAFRRARKARE 0 AT 2F F AR TR 4 >
M B SLE R HON AT 4 R AT R R g R &
TD-LTE E A EARE G HM5 2 FET R R 6 BB T
£ RGeS LRy R TD-LTE T 4 2 &Rd
LB Lh%®E1 TD-LTE B4 % iz 2 Hfcv 12 - |
FRELIFR T EFA o H A LE 2R LKL
o Ee Yt 1.8GHz sn TD-LTE B B TD-LTE & 7
4 AT RS RN IR T RET e D
EIRAE SR SR B L BB ER A RERT R R
P RRT S AmEEa g %?<#ﬂ$“ﬁmiﬁ

EHT A e 2 ES 7R (T4 TD-LTE f&sud 2 %
FARKFL2PEER) v (R4 TDLIE‘*ﬁﬁ%wﬁ»ﬁ%
BEARE) IRE S RHRE e Pfea 3> TR0 F s b
TD-LTE % 4 Z8 % gnf $EEHH| 1 7% 2 @59 7
TR K AR ¢ LB AESD e 4B o

=

2.LTE230MHz Hjtrergi »

LTE230 s % 8.1 e+ 230 MHz 45 £ chE A $a B & 5 » 2%
‘?VAL—;EL‘J fﬁii}% ~ E—E:J\ ~ 1:,\; j‘\f'& ~ -H:E?‘;%’:ﬁ/{;‘;)\fr‘g ~ _:é‘ :ﬁ:rﬂ»‘"é ';’—.

PR ER PR AR R BRARY QLS AR
FREFOEMRS S AR TE G RRANE T i
R FRBFRLELGEOEFRE B2 -
fed it Farg R®

| B %230 MHZ 47 £ 1F 5 6 R] ~ 54~ Horp @ % £ 4%

OFAFEF (B-TrunC) A2 ¥ mp ~(LTE B ¥ 3 (B-TrunC) 2 ¥ % B v L 3 (2017 &)) >
7 34-35 (2017) -

OF FF *'z;( S 3 BUNGE S HRIER o FaE s el e (LTE230 ke Y
% R e B3 ) AET H ™ - http://www.chinaaet.com/article/3000017894 ( & 5 i1 f p -
2017/08/30) -
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BF MR P RSB AR LRSS IR AR F R
PRSI EFHoEL 2R EFERY HY A0 B
#EF (25 kHz) &~ pe* >3 4 f i E 5 @ 230 MHZ 48 <
BHBFERY DA R XIS AT B RS 5
PRI R RN UG SRR R
AR * o
i m{ R LA TN P (el 5 R R LR LR,
AN EFER m230MHz+t§;«g EARANRE
TD-LTE #:ﬁt?)f%?* > 230MHz A B+ B A7) LTE230 &
RARM 7 ks (f§ AL LTE230 5 32) 9o
BESEPFERT > F AR LE VP ERRRE RS
5 A NP LLET D

v
AN NERTACPEHRES

L

B EARABESERLTET Y REGRHRE A i
L TR R R ?':‘F:”‘ ‘ ;ﬁﬁb C s E

LE A I E R T P AT L ek R 6 B E LTE
%Jﬂﬁgﬁﬁﬁﬁ*’ﬁﬁ@?i*%ﬁ‘%&iﬁpﬁ
4 MILTE230MHZ § 4 5 &5 A A £ 1 2 7 7 §
P A EdeE 280MHZ AF £ 2 ¥ b1 i e R 4 &
R GHMFALAERE 20, T BT 2R -

CRPRBE—NEFREIPGY

SR AL RAPM TG 0 R BEANE AT G F 6 0 2
P E 36 ETM G R Ty AR TR ER AR TR EBNT G £

O FAMTE A TR R - TR BE RO R R Gl BEE (1991) 55 -
68 o 55 21 o
8 jFuun.com » { #73) LTE230 & R FEAFf2 A4 £ T gl 295 2 ) 2017/09/04 »
http://www.ifuun.com/a20179195367310/ ( &2 p : 2017/11/04) -
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PE R AT e SRECE e f%~ﬁ‘i @&ﬁgi

CFRESFRF LA

2014 # > d ¢ Wi ZHE L ¢ (CCSA) #1% ~ 1 B iaenis
ST LTE ﬁﬁﬁfﬁﬁﬁﬁﬁniﬁﬁ’ z (B-TrunC) )& s v Hpre R
(%-FE) 27 EC B >RELTLHEARTELL 2 (ITUR) &
Z3%kE M2009 37 ¢ > & 5 ITU-R 3§ eh PPDR (2 % iR 27 47
X)) BRI R 2 - o

22015 & A amTiEat ¢ (WRC) & o 4p M 51646 5L4% ¢ &
BB ATHS ITU-R M.2015 238 3 ¢ i 5 2 4 5 e B B0 & B i 97
TP BHIMEITLOE N2 (1) ¥ 1% 380470 MHz 5 (2) %
2 % :746-806 MHz~806-869 MHz+4 940-4 990 MHz;(3)% 3 % :406.1-430
MHz - 440-470 MHz ~ 806-824/851-869 MHz ~ 4 940-4 990 MHz 4~ 5 850-5
925 MHz » ## ¥ i J B R ~ BB/ e B Bt o B o ¢ W%
(P BARAEfrMERTHE I AR ) 2H#F* R il
1447-1467MHz » 9 1.4GHz i% % TDD LTE i¥ % PPDR 2 & * #gf.™ » ¥
gﬁ‘:;%f@u Pg.afg_’\v"rg%,flpxl' &ﬁﬁm?ﬂtﬁfﬁ)@;u,t@ ‘m%‘:
fole® FE - F N FE I RF ARG foEik 0 gl TINERR
MTEEABHELE ¥ oL AW REE Y RN 0 9EF 350-370 MHz
dHE 5175 TETRA (R 7% 2 # BT RE o

@ﬁ\;%?p
%ggﬂmﬁgﬁ,g«a __'ﬁg ]"Pg.ﬁ)lmzl:g o pL o} ,u//fp_j Kool B
oo i i B R EE S R 3 g B0 T U RE S TR * ok

d B RE*RRRT R BFE A B st L ARE .
W R TR SEFL AT B EEROY ISR s B
BAEX X 2468 0 FH2 B TR A gF Lo A

]

™ APT Wireless Group, APT REPORT ON HARMONIZATION OF FREQUENCY RANGES FOR USE
BY WIRELESS PPDR APPLICATIONS IN ASIA-PACIFIC REGION, APT/AWG/REP-73, 2017.
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A &4 | 3660MHz ~ | 2.4 GHz | 870-872 MHz ~ 950-958MH | 223.025-22
i~ 900 MHz 915-917 MHz z 5.0 MHz
# 5
A PMR & |3+3% #2019 # #-31 LTE
rEX HAR |3 HTETRA %
I e LTE |5 d Bz
LTE 4 pe B~ &

=% % | 806-809 800MHz | 450-500MHz 60/150/400 | 1447-1467
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