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Abstract

Keyword : The 4" mobile generation network (4G) - The fifth mobile
generation network (5G) ~ IMT-2020 ~ Internet of things (IoT) ~ Vechile-to-
everything (V2X), millimeter wave, spectrum policy, licence scheme -~

enhance Mobile Broadband (eMBB), ultra-reliable and low latency
communications (URLLC), massive machine type communications (mMTC),
Intelligent Transport System (ITS), Dedicated Short Range Communications
(DSRC), 3.3-3.8GHz, 28GHz.

This research “Comparative international and domestic research on the
development trend of the spectrum and technology for beyond 4G/5G and
IoT” is focused on study the development trend for 4G,5G and loT
technology. In this research, we mainly study for three parts: The first one,
we research the usage scenario and application development trends for 4G,
5G and IoT. Second, we analyze the 5G spectrum policy and license scheme
in 5 comparative countries, European Union, United Kingdom, United states
of America, Australia and Japan. Third, we compare the international
research result and discuss the 5G planning policy in domestic. Finally, we

construct the principle of the foresight spectrum policy of Taiwan.

International Telecom Union (ITU) already analyze there are three kinds of
usage scenarios in 5G: Enhanced Mobile Broadband (eMBB), Ultra-reliable
and low latency communications (URLLC) and Massive machine type
communications (MMTC). The key capabilities of 5G include -eight

parameters: peak data rate, user experienced data rate, latency, mobility,

XVI



connection density, energy efficiency, spectrum efficiency and area traffic
capacity. Based on the capabilities, 5G can fulfill the demand from different
vertical industries, include automated factories, automotive, energy,
healthcare, media and entertainment. Each application has specific
requirements, consider the different requirement has each potential spectrum
implication, the millimeter wave bands might be more suitable for high
speed application, and the lower frequencies might be more meets for

massive machine-type communications.

According to the detailed timeline & process for 5G (hamed IMT-2020)
announced by ITU in Jun 2015, the formal technical specification standard
will release on Oct 2020. There are many demonstration, pilot run, trial for
5G network construct by operators and vendors, those networks belong to

the proof of concept and the proof of service.

ITU plans to make the 5G spectrum final decision in 2019, there have many
measures need to prepare before the final decision. In many countries, there
already exist many incumbents use spectrum resources below 6GHz, like
satellite service and dedicated telecommunications service. The regulators
have to prepare the spectrum inventory policy to reassign or reallocate

spectrum resources efficiently.
3GPP also set the schedule for specificationss of 5G, 3GPP approved the

first 5G specifcations: non-standalone 5G New Radio in Dec 2017, 3GPP

will completes the 5G specification in June 2018.
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This research analyzes the spectrum policy for 5G , loT, ITS of research
countries. RSPG in the EU already publish two document for the 5G
spectrum roadmap. RSPG recommend 3.4-3.8GHz is the primary band of
5G, 24.25-27.5GHz can be a pioneer band of 5G. The 66-71GHz band also
can be the 5G candidate band. The unlicensed spectrum for 10T in European
Is 863-870MHz. The spectrum of ITS in EU is 5855-5925MHz and 63-
64GHz.

Ofcom in the UK following the policy planned by RSPG, assign 700MHz,
3.4-3.8GHz and 24.25-27.5GHz can be the 5G candidate band. The
spectrum of ITS in UK is 5875-5905MHz.

FCC allocates 24GHz, 28GHz, 37GHz, 39GHz and 47.2-48.2GHz
frequencies for 5G licensed spectrum, 64-71GHz frequencies for unlicensed
spectrum. The unlicensed spectrum for 10T in USA is 902-928MHz. The
spectrum of ITS in USA is 5870-5925MHz.

ACMA refers the 5G candidate band from the EU and USA, and plan to
auction 3575-3700MHz and 3700-3800MHz in 2018. The unlicensed
spectrum for 10T in Australia is 433MHz and 915-928MHz. The spectrum of
ITS in Australia is 5855-5925MHz.

The communication regulator MIC in Japan allocate 3.6-4.2GHz and 4.4-
4.9GHz and 28GHz as 5G candidate band. The unlicensed spectrum for loT
in Japan is 400MHz and 915-928MHz. The spectrum of ITS in Japan is
755.5-764.5MHz and 5770-5850MHz.
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We also research the license scheme for 5G, IoT and ITS in research
countries. FCC already set the license condition for millimeter wave, but the
other countries include the EU, UK, Australia and Japan still discuss the
license scheme for 5G. RSPG believe the future license condition in 5G
should be more flexible, and the coverage obligation should focus on the key

area, like rural public both indoor and outdoor locations and transport links.

This research investigates the usage status of possible 5G candidate bands
and spectrum supply plan (draft) annouced by MOTC in Taiwan. After
comparing the analyze result from research countries and domestic market
condition, we submit the foresight spectrum policy of Taiwan. We believe
the phase 1 candidate band for 5G should be 3.3-3.8GHz, 28GHz and
38GHz in Taiwan. We also suggest the regulator NCC should finish
preparation for the phase 1 candidate band in 2019, and release phase 1
candidate band in 2020.

The spectrum supply plan (draft) also mentions there were some candidate
band for 5G like 3.8-4.2GHz and 4.4-4.9GHz. We believe those bands can
assign the phase 2 candidate band for 5G. Because the ITU will hold World
Radiocommunication Conference in 2019 (WRC-19) will discuss and make
the final decision for the millimeter wave. We suggest NCC can observe the
development trends in millimeter wave, then identify other suitable spectrum
for 5G.

Because the development trends of 10T, DSRC and ITS technology, there
might be need to adjust the license scheme in the future. Because of the

concern on interference issue, FCC already revises their license regulation
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format for automtive radar in 76-81GHz from license exempt to license-by
rule. RSPG and Ofcom also mention about the future application of IoT,
URLLC or mMTC might be need the license condition can ensure higher
quality of service and avoid interference. We suggest the NCC can research

the license structure suitable for those application.

In order to boost the 5G application in different industries, we suggest the
government can organize the application and testing platform for 5G. It can
promote the awareness for 5G in different industries, help to upgrade the
development of industry and economy in Taiwan. Let the interest bring from

5G can share with all nationals.

XX



-~ F3FF

Fh My NRE AR PR AR LTRSS A
BRI ED A ETAIRTZ F R o 1G A dil o E B A A Y o 4
ERPHIEI O REARARLADRH 26 & Folz it A
B R RIS AR T3 S8 S L TR N R R

N

BPgeuppad £o3GL N E N FHEHMEN 0 I 356 R <
B RSS2 2R R BRI L RRATEN RO
AR EFAENS Y 2 o AC RRAFE 2 IP R
%@%ﬁi%ﬁ’E@ﬁﬂ*ﬁ%ﬁ@@%@ﬁ&%%’u%ﬁAW

FUATERERLIR RS K AT o B 4G Y o (TH R AT
HETE AR A B ESE LR o
"TEF 2R OC FRUAREITFEEFE T RB LR ERR A
FE it g R U REY PR LY o WS T
O MR A SRR U 0 2 R B
if 2t ( Machine-to-Machine Communications, M2M ) 327 i * &hig 54
# B o 5G L - HEEFE * 2 F i (Information and
Communication Technology, ICT) » HEPRFIZAVEBR X Mt Le 2 ¥
2 Z R AL IMEFITHBE A A LRI PP o



PO E A PR L o TR R A B PR X 5L (Radio Frequency
IDentication, RFID ) «;},\*v“ Ly s SRRy IS AT L4
oo b FaAe A58 g 12 0 2005 & R T G 8 £ ¢ (International
Telecommunication Union, ITU) % 315 Bk 2.5 5 A 87 A 2. ~ A g7
P2F > NEFHRHPZE A AP TR AR PR EREER
BISHET LT M2M @ i £H 7 € & hli v o S B R
& M2MiE 22 B v ICTHF s Ak AR T Pid B 35 B o 4 JRIFE 4]
FTREH B 2 ATEOPN & o

Z s AP

5G A d il Ay FAhFE 4 BUASELBREAEEALLER B F
GpnmE s F > AP TRIARD T T URNAER O TR
Bk oo T ko k4o A 45 o ik 0 5G & ¥ hHeF B8 B
WE BRSO T A RRDAESE > REL LR DR AR S
[ R7%F 2L FR/ERBELS o LLRPARPRALETE - 58 56
avg@ﬁg@ﬁﬁﬁiq@?ﬁﬁﬁéﬁﬁ%(&@iﬁjﬁﬁﬂﬁﬁ(#

BEE) Rt B - B L s A g A EEA £ e R AT
TR UG EMMA TR

<ok



THEMBRUEZER  FTRERECTES ‘

“EN

1TENBALIMT

R S

%
7T
A
Z
2
=3

‘E—‘Il
b=

RimE
L TEIN
#HE

BN
SHE]

W1-1:5GHFEHFHEA -~ FHPL Mii|d
FTH kR Ay 54U

AR TR LA T B E R AP E B L AR
EhAA K BG H UIRIFEFTRB IR LT o SO TRSE RE R
Flpt A B MO RUR O B RATE R R i R AR 2 A M
g 2 @ﬁ%&t}fﬁ; P XREE A5 A R E ARG s K 2 A A
sEALEE S SRR IRNEE LS SN L RN
Bt B4G ~ 5G ~ 10T ~ M2M 3 AT& Hcjivié * A7 B2 Hopesd B ABS > 57
FROATEE R Y RS R R L TR ARSI BRI
AT B E PR MRS AR EREFT S % o



E N A7 ilgesmEn

!

ik
5G #-F kiTH i MAH PR A 2 > EaF B TR RIE S
EEIRILVRTY 5 2ZFE -BG %Ei—ggs}iih“%ﬁ'l% FiIRRH
LR Gel ok e de G g E AR FF 2 AL 2 B R AP B [ R Pl )
FF R S B fovd o~ Hoied B 2R3 ¥ 6 v 3F 31 B4G/SG &

loT ~M2M 2. & > 4T ® 1- 2 -

+ D2D/M2M

- REQERES
» mmWave
» SDN/SON
* RUAIRETE

ABRIEE . TEIRIR -
AR/VR ~ BiEHH

IR%E
- VIR BEIR - B

« 1IGHzBLF
* 6GHzL T : 3.5GHz

« 6GHzLl L : 26GHz -
47GHz - 86GHz

W1-2:5GE B2 %< dw24ipMRA
FTHRX R AP U

FEEE R3F 5 W7Io~ 4 fadFp 5C 2 mpesd Bk » 27
ITMEE CERCFRRHMNEDAEZALERFTESFALHEH S > F Y
B 5G &2 4 W e B A pe L E BB  fa b i a5 0 AR

4




MG A ETITE AT RHEARD FEHEEAFHR Y R

BESFRNAFLERLAROSCEF A FF R stk B a6 o

AFE G A AT
1+ FH R b BAG ~ 56 -

0T ~ M2M & 7@ Hojirid * 4f B 3
e E ARE o

2~ R AT T B R 5G ~ 10T 22 & B dp MR B o po L 7

sES R SRS S REF T FFIEE T SR X

3+ F 45 A k 5G ~ 10T Jis * JRFRS B “Tih 2 &+ ¥ #1341 -

o HERR
ARt P R FFEIE D 23k BAGHSG - 10T 2 o8~ et &
B B BRI 2 2 B BAG/SG

4

FHELERFIR - HFREAES AT RAER NP AF LI ER
g

d1 % £ A R E 2. BAG/5G ~ loT #4728

?’(%94-‘2)’%#%‘3 ?;#i}i
wﬁ&g,{ﬁ _?a]'j-g]}}\%

b

~oT AR BB 2 47 & 473R 2

)

R FTER -
J23 TN T ﬂugzww“i" [YPF - HEL

IRFEA A ARM TR TRV B 8-
FHHRA L - HEFR o MR AT EFL R RS Y HAH

FLREE N2 AEL LA EHFEREL TR L1

1~



2 1-1:2FF31®ED - {IEFFRLEEP

1 iEg B P A3 7
(=) w g 2z BAG/5G ~ 10T § KB ~ ¥ &2 g B 4F
A B 23R4t BAG/SG ~ 10T | #9474 3% | 747 B 2504 ITU ~ 3GPP
AFEZFRESR - BYEHE | NAHA i BAG ~ 5G & 4~ B e i ¥
AT R AR o Yo T |23 B EER TR
RIFL KD | f2 A EFE ZARY -
=TT
(=) PHE% %2 3 & 87 B4G/SG ~ 10T # £ 3] 12
LFHRZ e Sarspy B3 |7 FL 8 |7 ME 2K BAG/SG
ERFIrE R EFR P A | DAH A HEH R - B4R Z Jude
BR 0 S % BAG/SG 2 4E |45 0 AN | K o
FEE - ERAIRERMeE | AL EN
3% o R
TR ol > 2 | PP AR (P LRE S 0T & 2
ERFIrE R FR P A | DA H A BEAEEREE c ERGIR 2
g2 % F4E 10T 2 47 38 5 <ﬁ,%%ﬂ o b 495 o
BoERAREAMAS o | AL RS
Pf$%o
(3 ) #2452 & BAG/SG ~ 10T 47 3 A5 i if’{“ﬁi;‘% 03 I aE 2k
R R R B B (B AL | GEALRET SR B A
%ﬂp I RIE JIE T @ﬁi%@éééﬂ#ﬁé
® B4G/5G ~ 10T % 4p B Jis * ol s 4R D RE R o
S BB
2. v A 4T B R AR
kL TidN
3L M RL EEERY (D RS FELRFL S RERP D
EARAIRFAAY N % 0 A Fodris o HDNEEARL

£ 3§ BAG/SG ~ loT 2 47 2%

B 8T aE ik

# P P 2 e R T o

P‘}'jw)h:l AT IR




AT HEFEREYFBE4T 4L 1-20

21-2: 2T REFLRHEFW

2

*

1i5@ P
R b BAG/SG ~ 10T 378 $jieid
BBy BTy

1. > 7% B4G/5G ~ 10T § &4
B~ et B PO R AR

3 {* 3 (2017)

11w 8 ~ 747 2 3%
B4G/5G ~ loT § &1F5 ~ &
* o P B AR

ZAC SRR
B4G/5G ~ loT #g B 24 52

21 & ~ AT B e
BA4G/5G z_ #F e & & i

-

22 % & ~ F4F 7 B ploT
2 AR 2 Y

3 2 ] B4G/5G -~ 10T 4z ## FF %

4T

31Ap M R B R AR DE R

320 on R AR 2
5 BT e i

33 R 2 E FRAR
15 RUE £ AR TR
i A APAN

1

FERRF A (%)

_‘Z

Y AR S ERFLIITEPE




(- ) B f% 27k BAG/SG ~ 10T § FobFst ~ o & s B 4%

*EF AT 23k BAG/SG ~ 10T & Ar& pojires iyt g B ARE > K E
FEEDERNE > LE-HAAREY F0] PR E T LS
B o R FRA AT Bt RBLATIR N A AT RG] o

78 AR e % = & iFy et 4 (39 Generation
Partnership project, 3GPP) #L2%]*t 2018 & 4= # % = 5G & & 4| T _iv ¥ >
ITU RI2313t 2019 &+ f & 3 3+ ¢ (World Radiocommunication
Conference, WRC-19) iz >3k 5G B A Efic B > Fp 3+ 43 2020 # & ~
56 RRFA AT EFEERETBARY > SERHFZLI SR
FREELAY o PRE L M Y 5GC B e R RiTR &y BARY -

(2) FHERZE a2 3 % FFBAG/SG - 10T 4 £ 4] 1)

KEBBM LR wﬁ%ﬁ%é?%%%#ﬁ%%ﬁﬂ%ﬂ
WERPERT 4o 5G ~ loT 2 i * > MR R E EH LT B L AT
BREFTE T RBERLAIIF FT R TR LD
BHRMGE O A RRP L REFAAE o B G S EIASH B
@A Kk 5G & loTHERA R 2Z B -

AR ER T ITU & 3GPP % € & B'R e 8 5G ~ loT 2 473 3t
Fo PRt > (- HFITRRES (rwp ) 21 %



B7 (e 22K~ 28/~ p ~287) 5 5G -~ loT 2 AFEF# F1R
BRG] o

AW T R B R LAAFTEwpEHTe 56~ 0T 7 & §
L TR LS RGP AR o 3 S RIRE M P o o LTI
RHenfEi > BY A RFMFFTROT EH BTG R FAF §
WD H S L IR AL FHI R FEBH AP ARG @
Tt RS RGEHMALFEEIREG ¢ BT RS ER
B2 mpe Flt 0 A3 AT & R BAG/SG ~ 10T/M2M 2 48 3% & & 5
RE T LT LA - 5 R R 5 B > 273 % M

g=
™~
2R ARE AHRFE RSP TP R 5 o

(2) 747 5 B BAG/5G ~ 10T 47 3 & % 2. 5T 2 208 T 2 3%

AFTEERZeS (Rp ) AL RR (e g 2R 2R
PAZ M) % 5G~ 10T Z #EEAE L 518 L& HILRAR
I ERIFHEEE T 224 AE 0 F D4 & ARREF2 B4G/SG ~
loT &2 %%%ﬁ%ﬁ%i%%%@ﬁo

AP 2 56 HAEHART AP Kk A BATE R 2R EMR
WA B REIN A o b NF SRR R E < 4 HER TR L B 2B B
Flpb AT R BB S A R G o AR & K IR B R
1> T3 AR BAG/5G ~ 10T &2 & B e Ap 2 B s ad ik o



() PRt A M PR AR T FRIP 2 TR iR A i
RARBIMIFHFL S AP PHRAN LR FREGEY
LR R RS Ak SUINENE R S R SRR S S N
Byp- S 65 - SR 0 B~ R E B4 56 - 10T 4p b 3k
WL fiz o B RETRBAHE BRI BHRE L FRN R
PRl EIREEE M EREE P AR 2RAFETE AR o

‘Jﬁ%

&

\
%

I

AT HR- R F W% ¥ FRIEP 23k BAG/SG ~ loT 2 7 R
B~ et S EAR o i i ITU S 5GHR# 2 37 T AR » T3tk
5G 2. F fBp* HF > 1% B4G/5G ~ 0T ~ M2M 11 3 2 B 4 4p B 5
WEE - B2 FERIFT AR FER (FE ) i8R (¢
HER -~ ER B E P A) $3 5G/loT & 2 sz v RAEH G
FORE TR - Se REHAFP © BAG/SG ~ 10T &2 8 mae2 s il
RPEFHRFRALEFF > TE S R RERRFAL =~ R
BOSHRDAMER o BT REP AT T 4% 02 BAG/SG 27 10T/ B 5 e 4E

HAERFRER 5> FEP AFLAAMA A R 2 fonhifp o

10



$-% 23 BAG/SG - 10T § REH ~ B iy B8

o & BB EREEART BB
- B HRRE A RR
PR Y S B A B S ABBRET PR R FFLR
RN E S RIAEE S
BRI Ko XL - BB T AR B R i o
Kk 5G RRALERE N > PREL STR KNG LT R RBEOHE o
FE R T W 2-1 01

PRAL2. G A AT RS D H g R (L o

TN RIS

HEFET ] At &

W 2-1: & TR

FTALAOR C TR AT

VEE(ERT L (2015) o SERAERA ¢ ORZRTLSR 5G ATEE - H 4 -

11



2

"EF T EE A 1 E S i T A R E T B (Information
Technology, IT ) & # Jig % i 20 % B - & ¥ 3% Il § 3
( Communication Technology, CT) ¥ » Ttz AR% o 5 "5
Feend RO o RIEF B (IT) EordE ~ i g (CT) o

2

ﬂ&?i’%‘—ﬁ%ﬁé%%ﬁ%?ﬁ%ﬁﬁ@imﬁ%m’mg

>

B AEFLDE SRR rFREER (AT ERHIR) T2
it 0 BAG/SG ~ loT #Hpres o 2 3 £4% ICT @& G 5 RAPM - B

WA FE R RS R F R > o T ] 2-2

Internet of Content

Email Internet of service
- EilESs - BFEH Internet of people
. RIIR% - BESEEH o FTEEEIR mmmm
R E of things
You® @le amazon PChome e
- oo SRR

WIKIPEDIA
T ree Freyvlapesia

« 4G LTE e®.®
Data « FTTx
Voice e 3G UMTS « Cable ~ HFC
. EPSTN) © ADsL 4(3
« 2G GSM °G . 3236 (E48)
(EE) (FBE+EIE)

W 2-2: A RFFTRPREL B

FHR AR AL

TEAHFEF T SR G RLER R A RARLNG LD
Roge G T IEFFELUSPBPEFFETR
By~ R X o 1345 Cisco enFg P& 23t 5 2011 # 3 2016 & chi7 &

12



hpigr £ 18 B | H @ X UARWIRFE S BP B eandlcdp i £ SR F)
F > FFHpF) 2020 & 2k E Edp e v 2 E 0 40,000PB 0 4o
2-3 02

Global Cellular Data Traffic, 2010-2022

40,000

-

< .
= W Audio
<]

30,000 \
- ! —_— Web browsing
o -
g W Software downloads
N}
© 20,000 — . A
s o Social networking
o

o W Other
10,000 m Video

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

W2-3: 23ffFdddpidr £ 2L 444
T kR - Cisco > #3531 p 5G Americas

JE_AG i ie 5] 5G it > B A e it 56 = B IR
B @EE S RN AT AR 56 FFL A RELF g
Foo (P FRE KA 0 RSB R S S
ﬁi%] d1 FoE (Massive Multi-input Multi-output, Massive MIMO ) ~ 3D &

& =25 (beamforming) % e M 4F T * > o

=~ 5G 3 fr 3B

2 5G Americas (2017), 5G Services and use cases, at 7, available at:

http://www.5gamericas.org/files/3215/1190/8811/5G_Services and Use Cases.pdf (last visited :
2017/12/4)
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Augmented reality
Industry automation
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B @ ® | Future IMT
Massive machine type Ultra-reliable and low latency
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3 1TU (2015), IMT vision- Framework and overall objectives of the future development of IMT for 2020
and beyond, at 12, available at: https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-
I'IPDF-E.pdf (last visited : 2017/12/24)
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The importance of key capabilities in different usage scenarios

] Peak iohim Oftance User experienced
Enhanced mobile data rate data rate

broadband

Spectrum
Area traffic efficiency

capacity

Network
energy efficiency

Mobility

Massive machine
type communications

Connection density Latency
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= % m#F 5 (Virtual Reality, VR) 22453 ¥ 5t (Augmented Reality,
AR) Z ¥ it B o MU BT A MR E F AR R AR
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TR AR FERBRFEEPN A ERF 204 > IoTW2-7°

41d, at 15.

5> Ofcom (2017), Update on 5G spectrum in the UK, at:9, available at:

https://www.ofcom.org.uk/ _data/assets/pdf file/0021/97023/5G-update-08022017.pdf (last visited :
2017/6/12)
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Rel-9 Mar. 2010 I'[/}Léltxctiig:?g;Ff{:;isllob(msf{s)t,u[;g:as[giﬁ Dual band HSDPA, SON, LTE Femtocells(HeNB)
Rel-10  [Sep. 2011 Hgiﬁg\éaprxed work item, CoMP study
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LAA,4CA, >5CA study, FD MIMO, LTE-M& NB-IoT, LWA
Rel-13  [Mar.2016 5G initiate
MCPTT
v eLAA, V2x, eLWA
2017 Rel-14  Jun.2017 5G requirements )
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Before Talk, LBT) ° @ f& 4G 7 &5 547 e B AL 3 PR 22 32 B gR 8 A0
TR E (CA) i * ™ {7tz (Frame) - 4~ B 2-17 14

LAA Licensed Anchor
Small Cell

W] 2- 17 : License Assisted Access, LAA ##s#% 4 5+ 3, F

R kR - Qualcomm
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® .
ool s

Modem-level aggregation
LTE Anchor for superior performance

W 2- 18 : LTE-WLAN Aggregation, LWA #3454 7 %, B

o kR - Qualcomm

14 Qualcomm (2016), Progress on LAA and its relationship to LTE-U and MulteFire, at:6.
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LTE-M capabilities

LTE-M specific features
/ Bidirectional Fast mobility \
Uplink & Downlink Up to 300 Km/h (connected HO)

Throughputs . 4G evolution

Up to 1 Mbps (Full duplex) 4G Network Software upgrade

LTE-M basic features (LPWA)

Low latency . Secure
Down to 200ms

(e)SIM encryption/authentication

Roaming Voice
K Roaming worldwide (3GPP) VoLTE support /
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Low Power Wide Area Network

Long
Battery
Life

* 157 dB Link * 10 yrs battery
Budget lifetime

+ >15 km range * Minimal « RX-10 mA * Unlicensed
Infrastructure I spectrum
» Gateway with Sleep<200 nA * Low data TX cost
Capacity * Low end-node
cost
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B LR L NEIERE T B FRRERFE RS
%&ﬁﬁﬁ%?i%ﬁ»N&MTi@@gq?é1mﬁm’kﬁﬁﬁ
7 LTE-M ¥7 LoRa/SigFox Hit /g & % i 3 2 1 354 o § 5 s B
wE 4o J) 2-21 -
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Scaling up in performance and mobility

- Scaling down in complexity and power — o
LTE Advanced LTE Cat-0 LTE-M NB-IOT
>10 Mbps Up to 1 Mbps 10s of kbps up to 1 Mbps Up to 10s of kbps
x20 M 20 MHZ ~1 MH2 narrowband ~200 kHz narrowband
Today+ Release 12 Release 13 & beyond Release 13 & beyond

Sample use cases

J < 848 wa & K

Video security Wearables Object Tracking Utility metering Environment monitoring

ey $5© T daa

Connected car Energy Manag C d healthcare City infrastructure Smart buildings

W2-21 4G RGP Bmpesd i

‘u\l

AL &k R - Qualcomm

(2) LoRa ( LoRaWAN )

LoRa £ 4] * & 4#fid 2n (Spread Spectrum) % % Hjtv > @ :% 50Kbps
DRSS S SIE S L EY R £ 4 SR R
A A BTN R R E AN F Y A ART
Bl > At A EEHRE QoS FREITMA AT B 2-22 -

4R an e SRR/ ME

Concentrator Network Application
End Nodes /Gateway Server Server

LoRa“" RF TCP/IP SSL TCP/IP SSL
LoRaWAN™ LoRaWAN™ Secure Payload

W 2-22 : LoRa R 7% #

7ok k& © LoRa Alliance

44



(3) SigFox

SigFox z_ % P 97 LoRa — & » 593 Bl & JER I TR * o
e ¥s LoRa z % B gt > SigFox # * & % #f (Ultra Narrow Band) %
LR - & N B R @ﬁg?] 0.1Kbps F itz * 343k 3+ > Flpt L i i@
BEEHE AR E M B A A B PR AP E R
F® o 2o SigFox sngeg B A & d 207 p A% > & LoRa B

BRI 07 50 e o SigRox e g JF 4o W] 2- 23 -

Topology

)

i

—o 1

SNMP, HTTP

- MQJT, IPV6
H
-« “ Storage :
)) Signal processing .
. Web application :
APls :
i
]

Objects Sigfox Gateway Sigfox Cloud i Business apps

]

Countrywide networks being installed around the world Js SIGFOX

Bl 2- 23 : SigFox % B 2% #

74 kiR SigFox

A7 % % 372 NB-10T ~ LTE-M -~ LoRa ~ SigFox % 4 55 4 $jir1t ficde

T4 2-8¢
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% 2-8:B4AG T $ BRI R L

= e  EEEE
1 o £ 4
1§m5§§1 ﬁnﬁﬂﬁﬁﬁﬁ ( %*iﬁé\;ﬁﬁ )
; RHER <12km UL 100bps
=HE
SigFox BBl $EER 192kHz 156db X 10Y DL 600bps
FHER <15km UL 250bps
=
LoRa SHER 4B ED 125/500kHz 160dB X 10Y DL 50kbps
EC-GSM GSM <35km UL 74kbps
R13) | SCPPRI3 | srempmen | 24MHZ 164d8 2X 1 <Y | DL 74kbps
B LTE <11km UL 1Mbps
LTE-M (R13)| 3GPP R13 5\ FRAEED 1.4MHz 156dB 3~10X [ <5Y DL IMbps
GSM/
NB-IOT <35km UL 200kbps
3GPP R13 |UMTS/LTE 200kHz X 10Y
(R13) SR AEER 164dB DL 200kbps
FH K AR
5~ LSA
LSA {B KL ]G}f@%ﬁ'#] AI;P B 4G ’{F' P‘H‘ -%‘ ;}'&E’\;}i/fﬁ ’ ;Kﬁ‘ﬁ_;}'ﬂ;
SOAETIA W BRBE B R B AB PR @ AT
o FAEEFLZ AR f‘é’*"ﬁf%? o LSA #4] ¥ #iE % =
B THELEE P %

LERAFHMEA S S
E 4 4o ] 2- 24 -

KlaZ
N
L2
B
R
ié
c\'ﬂ
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17

[—
Administration/NRA ;
- b[ - Reposnoﬂ
LSA
Controller

01

[ ]

B 2- 24 : License Shared Access, LSA 2 f?.

T4 kR ¢ ETSI

6 ~ Citizens Broadband Radio Service (CBRS)

CBRS & LSA fo4 t 4nin > % B ek = 34541 o LB it
CBRS & 3 3¢ 1}#”‘ RS AT AR R Y T
T Ik T ¥ o CBRS G £ B FCC 2 2 chp| AT 3 455
st e AR A 2R ICT & s pt2 8 > 158 3GPP
Rel-14 = #-z2 7[> 1 i¥5g p 2. ¢ » RF|# H =~ 5 BAG Hjvz - > p
3GPP & 4 % & R f5 1 o

BLRERER et th 2247 474842 > P 5 3GPP ¢ £ % & 7 CBRS
% 4pE 5 Band 48 0 e pEEHPR £ B FCC #1304 Stapdr fajesgz v @
BrBEE 2 PR > A 2 8 (IOMHz #8502 ) o Tt F
R ISP £ ¥ 5 X k% - f BALIP-F R (Priority Access
License, PAL) mz= % /] % & % N 4|4 Band 48 2. TDD LTE % >
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TEESHFLFRRPIFRF T INF 2 K- KFT R
P~ ( General Authorization Access, GAA ) et i » Bl 3

(TV White Space, TVWS) # * 2 & i #f s T B § 10 % = &2
2ok A HCNART 0 SRR 2 A1 B D AT EBATA] & SUE BN
FEZEY o L o™ B 2-25 -

/

/

/
E&ﬁﬁﬁ E OHEESERERE

LI R e
RAHR - T~ B /( IA) - STERE

—EEH&EZ 7R
LR = / Efv’é?ﬂ!ﬁl!ﬂ B (7x10 MHz)
( PAL ) =} = FPR43E
/' « HEBRIHA3E
RARAEZE SRR /

£#
AR IR SRR

Tl

)C: ‘H

HOR B BA

SASHMBERAMEERE | Pl 5y
/ —HREFTIHEE (GAA) EiLe)
/ - CBSDRR R R E AL

/ - O {E A 2= AP 4R

B 2- 25 : Citizens Broadband Radio Service, CBRS % f;

FH KR AT 54 FCC ¥l
7~ M2M ( Machine-to-Machine) iZ 3t

POl RO SN AF M2M G g b 5 T Ry @
M2M i sile = 5 ARS8 > A B FRR BB ERER > & {7 7%
BARRE > Tt M2M B ¥ ot & @B~ el foRl £ % 0
EPEL 4o ) 2-26 0 15

©EERr L (2015) - SEGEAF] — Rk 5G AHEME - H 12 -

48



M2M Internet of Things

FAL kR IEEE > #31p T B HEY ©

8 ~ V2X ('Vehicle-to-everything )

V2X Zdp @ b Boand o B k2] # U s o V2X
¢ 737 B %7 & (Vehicle-to-Vehicle, V2V ) ~ ;& & %5 ] % &
( Vehicle-to-Roadside, V2R ) ~ ¥ & ¥ £ # % *% ( Vehicle-to-
Infrastructure, V2I) ~ & & % {7 £ (Vehicle-to-Pedestrian, V2P )

45 2 (Vehicle-to-Motorcycle, V2M) 2z ;T 8 ¥ = * & & (Vehicle-to-
Train, V2T ) &= 287 o P o L V2V E & 2 2 R o

V2X B A RAE L E R 8 SR AR 0 538 VX UE i R
PR FRAL - FARLE- kvl RFERE 2
FUED CRBUERF IR ED PUREEE o V2X Pt BT 1
*Wﬁﬂiiii‘%%iﬁiﬁ#’6£?Hééﬁﬁﬁ‘%%ﬁ
WArd B p| 3T E M S A~ B F SRR AHFT L oo PR
LR A ag i aPgsy £7 (Blue Tooth, BLT ) -~ 802.11 & 7|
WiFi ~ & §ziedid 3 (Dedicated Short Range Communication, DSRC)
# LTE-V 45 B@ 4o 4 2-9 -
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£2-9: 2MBpAp N FERBIR

'e

EEERNHA LR SEI)
BHREEM (va2v) - B
R (V21 ) RE¥1T A | EREZE (Radar)
(V2P) - &i§HEV2X
+ GPRS + Blue Tooth - IEEE 802.11p (MIREHE) « EEEMpI B EE
- 3G/HSPA  « WiFi - IFEE 1609 (MEEEIHE) .« BEfEE
» LTE/LTE-A » SAE J2735 (R4 B T)
- EEEREE
}/F Eg « BT: 900MHz
2z *IMTBand - WiFi: 24GHz/ . 700MHz& 5.9GHz » 24GHz& 78GHz
= 5GHz
. BEHQOS - MAE R
e . G—AEN - ARENEE . ARSEGTE - LR - R
s i L

FHLKR C AFE Y R

(=) e BAt & f 2 e 5G/I0E Hojie

1~ 5G B jtrig B P Az

ITU *t 2014 & 11 " 3 #5305 & 54 k48447 2 (Report
ITU-R M.2320) -»2015# 9 * ITU L ;86 & 5G 2 IMT-2020 - ITU %
5D % 38 1 i%-] % (Working Party 5D, WP 5D ) ** 2016 & 4= 453t
5G :}iﬁt?*ﬁdgr SRR EEZR S RApRTE S, £ 2017 £ 10 P 2B R
28 =% ¢ ik 0 & 1 IMT-2020 2z 23|iE%E > Fp>0 2019 & & = & &
MEF T3k o ITURE] 56 2 A2 4o ™ W) 2- 27 -
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Detailed Timeline & Process for IMT-2020 in ITU-R

2014 2015 2016 2017 2018 2019 2020

@
] I ) K - K

#18 #19 #o0) 221 822 #23 #24 #05| 208 #07 =23 #20 #30 #01|#3ibis #32 233 #34 #3538

Nate: Meeting #31bis — if needed focus meeting towards WRC-12 (non-Technalogy), Meeting #33 — focus meeting on Evaluation (Technology)

MNote: While not expected to change, details moy be adjusted if warranted.

W 2-27 1 ITU4R$12 56 2 2/
FoR %R : ITU-R WP 5D

WP 5D e IMT & 4 /i & %ﬁ‘/{%v‘béﬂ?*ﬁ“%‘l?\zﬁv\ EABREE O % - P E
e & R DY 56 Pk 12 2 m U G ( Radio Interface
Technology, RIT) & & & 4 w #isfk & (Set of RITs, SRIT) 2 3% »
VIR R RN E R ARE 0 % Z PR R AN RE R I E PO A
2plE > 3= 2 E 7 A 49 1) IMT-2020 s o

POl AR LR ERA L A RARER
‘%‘«13‘%;‘5)@%‘ 2019 # 7 " w2 A ITU - % v FEER|d b2 3= B4l

el RS TR R (TR 0 2B 2020 £ 2 7 W MT R 4R

FIFER L WPED €87 kel ik B A1 > ¥ 245
AR E o AR RS WPSD 8 & R TRAMSHLT g
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P IMT-2020 F 8P crd Mok 2 8 » § - RPN L B2 2% > 5 A1
EREHET - R e RaERIN > F B ITU Y 2 2810 5

Bz k% o WP 5D B IMT-2020 & 42 4 6 1% 3 b Az 4o ) 2- 28 - 16

WP 3D 2016 2017 2018 2019 2020
No.23 No.24 No.25 No.26 No.27No28  No29 No.30 NeJdl ot No33  Nea b2l Nose
EF L g . 5
PEEES1 and2 |
£ (0) THE A =25 - =37)
| PEEES 3 |
QOEF: 228 - 232) Al
| FEEERL |
i'-ﬁﬁﬁ: H#31 - #34) &(Ej
FEET 3.6.7 |
(2548 H: 220 - 233) | &(3) L
fEbEs 8
(2 F: =3 -236)  AD

W 2-28 : IMT-2020 & 58 /i & 12 33 B e

T kR - ITU-R WP 5D

6 ITU #08  oh 5G Fp R & $Lis 3 K > 3GPP i& {7 5G 2 % i
TG 0 FEE T 2020 £ = 2 Release 15 Ken% — [FE KB F ¥ o

3GPP A f8 A2 R4 4o ] 2- 29 o

16 1TU WP5D (2017), Submission, Evaluation Process and Consensus building for IMT-2020, p.2.
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3GPP Roadmap .%_Fi
2015 2016 2017 2022..
SA1
A2 architecturestudy]  wip | 5G RAT features will be phased as
AN it will be not possible to
rasuy | wo | standardize all in time for Rel-15
. completion and early
SAL deployments
SA2 : “ A Release 15 will aim at a first
phase of expected deployments
o | in 2020
M Release 16 will target the ITU
IMT-2020 submission Good

W 2- 29 : 3GPP #.4]2. 5G ¥4z

L %R ¢ 3GPP

134% 3GPP 4|42 > Rel-15 %% 5G 1% — B 7 * % A - 3GPP
% 2016 & 6  grin 5G R M+ Rel-15 2 381 1204 o 4p B 245 0
2018 & 6 * i» % - Release 15 1% # x 7_5G #74#& %% (New Radio, NR)
B> PEEBEYF R EERAUFHTHR?T (eMBB) - jmiur ik
237 R 2 k" (URLLC) > B33 5G 2 RBRF S FLEF v
BRFE AT AREE O FRERFBLIFETL PP L RKA
BMF S TR ITWFERLEEF ST R ARREEY £ P

3GPP *+ 2017 & 12 * 22 p i 2 NR 2£H b (non-
standalone) .+ > NR & LTE ¢ M gE@x> 836 > 1% 5G jp=
NR %< A #-7% 2018 & 6 * %= » 2 AR AFnié e ITU &3 IMT-

2020 e 7 B prAr i ITU Fasl > @ 6 A § R 7Ap Bl $pmp 2
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ip] > CURE S dE 0 e Al B T ITU-R 973k 1 e i 47 822 & f #
JACTERR S A

3GPP p # % % LTE 2 5G NR A ¥ 4 # 2 i1 & A 5 = Al
BT R 2-30 Y

® {F3- ILTE &2 5G NR fA# 4 £ b P idp 0 giia F #
Bl > LTE2 5G NR &+ £ i <412+ £ (Macro cell) &
A1k & (Smallcell)

® Hy- (LTE 22 5G NR AM 4 £ 50 feft Bu s ¥ f F 3
o LTE 5«34+ £ “5GNR 5 [ 3| &+ & ;

® iz ILTE®5GNRAMR 44 £

z%éi%_
LTEZA5G NRE
mEH L E R
HREERSREE
BIE_

LTEZI6G NRE L

I:] LTE (macro cell)

LTEEE5G NRE <% Co-located cell ]
thEALIS . «® Non-co-located ceﬁ\\_l/ B NR (small cell

W 2-30: LTE2 5GNR &3 & %12 fi 4%

F 4L %k ik : 3GPP

17 3GPP (2017), TR 38.804 V14.0.0.
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2+ 5G M4t

ITU »% 2015 & 4% ) {7 30 3 % 2020 # 14 g B HEPF > 305 (78
i 2 2015-2020 £ H 3R K enBE LA 0 -8 JEH AR B P
1 o RO HEAR B T 2 F IR < R h e ¥ vha
FAERT L RSN M EBARM BT T X B LR AP BT R i H
BEYRE SIS e TR 2-310 AT AR 2 REREN AR
ARSI PATE T LR .

EEYEE

\#EEE i

B 2- 31 : ITU 22 3% 5G/I0E 2. M 45 peig 18

FH KR ITU, 2§ 5 0

(1) epep BE Bt

181TU (2015), IMT Vision- Framework and overall objectives of the future development of IMT for 2020

and beyond, available at: https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-I!!PDF-
E.pdf (last visited : 2017/12/24)

55


https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-I!!PDF-E.pdf
https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201509-I!!PDF-E.pdf

A. Z e mEP 3 (Cloud Radio Access Network, C-RAN )

T ESURPRERERES D P RS & R 2010 E48 0 3y
BEERHY Wil s (g 263G 4G H A A kR kR
%2 F %o CRAN S T4 N Zh %45 5 7 v e & SR P e g
TR it i - Bk RecE AR & AME T o C-RAN FEfEdeT
W 2-32-1

Virtual BU Pool

BU: Baseband Unit
RU: Radio unit

Optical
Network

W2-32: ZHFBRABRF-RBEFH

FH KR ITU

[ R S T A 47 H = (Baseband unit, BBU ) 7 s44g ¥ i
(Radio unit, RU) #f - 2 % o & C-RAN % ﬁv‘ » Pl % BBU £_RU

19 1TU (2016), Emerging technologies and the global regulatory agenda, available at:
http://www.itu.int/en/ITU-D/Conferences/GSR/Documents/ITU_EmergingTech GSR16.pdf (last visited :
2017/12/4)
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E‘/,,\«z ,T’Jﬁo cl,ufiﬁ_l‘zgif%gii%g‘h,gg_fﬁ BBU.\"TJ'}S%S@
it R1Es (Remote Radio Heads, RRHs) = 5 jRi% 5 B if = 547 8

= (Remote Radio unit, RRU) = ¥ « b chgagd § seec £ 38 (Frai 3

ERIEPREREY R NB T HE M (Network Function

Virtualization, NFV) > RIF &> FT AL 4l o ZRAB IR EX T Y

i
RAPEPRBIELALLFAM RO LY A SN o

B. ®R#i bt (NFV)

PR R HJL R A AR RREFF S P
Poid FUG R KRS R R0 i1 £ o NFV IR 1T i 5p B i
BTG FHERSLOH B L U BRI N AR RSN o

HRAPREEFE A RERES EY EACARDE
NFV X F* o= SR e WA R AV E IO iR 8
AR A o DAL BB RIRE C RRIHEEY B R
oo FEd NPV 7 003 4o pRAHR toeriBfd > 38 0 RTIRFED B i f
oo 20

B R R EE R :3%\; ( European Telecommunications Standards
Institute, ETSI ) * 2012 # i NFV A2 g ) @ (NFV Industry
Specification Group, NFV ISG) - #F 4747 NFV 4p i S 8 37
R~ FALEIME FHRE T EYFF NFV 4phio £ 3 o
ETSI>t 2017 & 2 2 # % NFV R * 3 5G 2 v £ 2 » 33434 NFV g * >t

201, p22.
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5G ehi g stin < 2pw iFdd mEKE NFV BT R 5G bl 4t
ez — > d 3P BG ¥ eh= A HR LG G RARL > Flut kg i Rt
*7 &~ (Network Slicing) ~ :#*%:i#& % (Edge Computing) % H ¢
Fo ETSI 3% 5G R & NFV 2 #048  % 8 (Software Defined
Network, SDN) #-+7 F]& 7 e 3-8 2. § & @ 4% b Ap B e BLIRTE o

C. ##8 % &8 (SDN)
SDN £ NFV = iﬁ#gﬁu% SARE L& > SDN LA N F
T2 e > SDN 4 kil (a0 4 M2 f M s MRERIF T i T
@ﬁ%agﬁ%ﬂﬁﬂ’@%ga%iﬁ%?%%wﬁ%%ﬁ%“ﬁ
R S
SDN & % A=kt g & @& < & fF 2 (OpenFlow) i 3fs 2 0 &
SR G - BREEY  HE L g 5 4 (Data Plane) £d i

-%4.

41 6 (Control Plane) #7¢ I o e fei® i & szt dr 4T 5 =4 o
¥ %5 SDN 24 Bie W F L7 o e * JRIF » R4 40 ] 2- 33 -

2LETSI (2017), Network Operator Perspectives on NFV priorities for 5G, available at:
https://portal.etsi.org/NFV/NFV_White Paper 5G.pdf (last visited : 2017/12/22)

22 Kreutz, D., Ramos, F. M., Verissimo, P. E., Rothenberg, C. E., Azodolmolky, S., & Uhlig, S. (2015).
oftware-defined networking: A comprehensive survey. Proceedings of the IEEE, 103(1), 14-76.
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Management plane Network Applications ‘ o Network Applications
Programming Languages =i H 23 o
@ E ®ee £: 35
o | g o _‘E
e =ty Language-based Virtualization | 5 S8
............................................................................... o
Control plane — . @ -
P [ Northbound Interface ] o P
. . -1 Network Operating
D gkjg Network Operating System J ® System (NOS) and |
g 2 Network Hypervisors
Network Hypervisor J ) . 7/
..... po— =
‘Data plane RE
[ Southbound Interface ] -]
- , | o
m;; Network Infrastructure 3
(a) = (b) » (c* =
S E R JZ 4R I e st

W 2-33: SDN {4 % #

7ok % & : Diego Kreutz et al.

R R d R kg 0 SDN il i - R E PR B H T o R
L 4 eﬁmﬁ;ﬁ—s FER AT RTIFHER o 22
ISDN i # »0 (783l 3 e pr ¢ i T e 0 B

® Y ihpRiydlE BB BEY S o TR <
R R L e
® AL REIL IEY - B g BRI E LA
£ JEd HARR S R A
R LB E s L EERY 8 AR DEF FIBATIRIE A 2
BE o U N PRAR B FRPRFAE TR B apE Y P B ERIRTRER o
® JRixE ;Y I SDN & B k™ 425 4 6 (Application
programming Interfaces, APIs) T L LR * & - izt API
7R Ry B BB R T AT e

‘—"m'-

23 Ericsson (2015), The programmable network cloud, p.6.
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D. ppr A

R 2B L E g~ SDN &2 NFV % 451 5 28 5G e B iv 43 5
@ﬁjﬂ@%k@*ﬁ#&&?%@ﬁ&&ﬁ%mﬁoﬁﬁhﬁﬁ?
FEF T L R o B RERIRS EFBLIARY TR OB R
S

Pty o i (F S NGO R - B AR R (RAN) T
HRIRE A o s ikl BB NFV 22 SDN Rieps ~ g2 o
WEEARHFRTE A o 15 RAN SRS EHFILBF R XA
Placit By eh ~ F T RE @ PR 2 %’ﬁﬁAF

Are ™ AR T o R 4 E FPEL 40T ] 2-34 -

CN MBB Slice
+ Video Streaming Support
,\I »  MMS Support
[ + Voice Calls and Features
»  Service Continuity
Smart + Charging Support
Phone » DataPath Optimization
MVND [
UE
[ RAN Slice #3 CN 0T Slice
loT ( ) Small Data Optimization
- [— "
Device L RANSTice &4 J BatterIW.r Conservation
Charging Support
Fixed Access o |
Slice #1 CN MVNO Slice

MYNO Operator Feature Set
+ MBB Support
Operator Specific Charging

[ Fixed Access }

Slice #2

W 2-34: B S PEA K H

7R KR - 5G Americas

245G Americas (2016), Network Slicing for 5G Networks & services, p.7.
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FAEMT TP R 4@\@%”%&%
g e Soanfh s TS o R BIET G BRI @

- B RATOHN o RF LD R HEHFL - 0 F RS RS

R

FERF LD R ERFETIRE o Y F T AR

IS T R RN SRS N L E Lk
] & WiFi &3 > =l

GBS AAB A REFEY 2T UG E ﬁéhim%ﬁﬁﬁ

il REME G B RREREMEL TR 2-35 7

%5 |TU (2016), Emerging technologies and the global regulatory agenda, available at:

http://www.itu.int/en/ITU-D/Conferences/GSR/Documents/ITU_EmergingTech GSR16.pdf (last visited :
2017/12/23)

26 3GPP, HetNet/Small Cells, available at: http://www.3gpp.org/hetnet (last visited : 2017/12/23)
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Large cell

* high-power eNB

* macro-eNB site can
be difficult to find

Small cell

* low-power base station of
RRH

* hot-spot coverage

* coverage at cell edge of
large cell

* COVETage m area not
covered by the macro-
network

* indoor coverage

« off load for large cell

* small site size

Figure 1: lllustration of a heterogeneous
network, with large and small cells.

W 2-35: A FRpEiEmse

T4 %R : 3GPP

F. p v esgert (Self-Organizing Network, SON )
SON #&3n % 2P wAffe it KV A eI CF &S - §FwiE 2
FAE O RROCFEFPARE 2R KGtHT T EBR, D

4 o SON&hi & #ji4oT 1 ¥

FEF - a8 E o8

By TP URR G RPRGECNS c SFMS R SR

N

27 ITU (2016), Emerging technologies and the global regulatory agenda, available at:
http://www.itu.int/en/ITU-D/Conferences/GSR/Documents/ITU_EmergingTech GSR16.pdf (last visited :
2017/12/23)
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BB G BER A L MTT O R TR PR B2 PN

® [ FBAfRhH I BRP  RREF  NE G BAE SR

G. & #2FE (Mobile Edge Computing, MEC )

FERiE R K kg BATE (% 5G (FE R enb s - o %

ts O

CHEIERP A HTRAILL ¢ it R B
PEEFE Y 4L G A B ORS 5 A R 0 R i
(7 Pm) RE- 4 PRE S L TRDE B P RROT R

T PIRE FIFE T o (TEEMEETE w e o

:\

—\

|

T e (ETSI)

Efazaiv ez A E LA ERE S Kb fgdiz > MEC 4 1 %
P E Y Ao EIRIF S 2B f%iﬁm&ﬁi%?o

T MR e @2 R FTALLE 2 5

$OEPE R R KRBT S A o ¥ 5 TR RTE 0 b4 5G =

?

53‘ Tl
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CHFRTORMERERFREFRALT BHIE  FRFREY

-~

AHE S ZTEEAYT ROEEC 2 FHER SRS EFR D

(2) a7 A m & X AP BT

A S EBCX RS ﬁi%] ﬁir;,] i (Massive MIMO )

?35%]/\ ”53?%]51 (MIMO) Hitrd — 88 S 2 e fadr * X AP
BREBIFLORT RIS PR R R RRT AR DB

AL B AR TR T 0 8 T oA M ﬁ%lﬁ Foo TP o P
SRR SRR RART S RIS BT R
Al R BE R P A RPN ARG LR

MR P R B e a i A B T KRS 0 R MIMO T e B
HEE T AR BEFER P MIMO A ki 3 56 R

TSGR G R AREET g2 5 0 I AE 64 B -
O X A MIMO ehie e 2 %A 4o ] 2-36 © %

2

1z

“J

N\

28 |TU (2016), Emerging technologies and the global regulatory agenda, at 28, available at:
http://www.itu.int/en/I TU-D/Conferences/GSR/Documents/ITU_EmergingTech GSR16.pdf
2 1d, at 25.

OB (ERr L (2015) o FEGERA] — R 5G AUsHE » H 8 -
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Y ‘o I
™| <. V Rx
>
Vv =
Tx \{> V Rx
N
T
Tx | N\ / Rx
& 1 g— - S "
RF Channel

W 2-36 : MIMO 2 # % jo3 i 35 7 & W

FH AR TG o

B. 3D-i& & =35 (3D-beamforming)

AR PTE - BASLRIT T FEER Y MIMO e
FRBOARRWCBFIR o FEY AL 25X A g:tz-ﬁ},ﬂra,,)gw? (g8 p o
P)RE > AZ2AHE e LA AR AL ¢ B F Efoik S N o
PR S AP IHF B X RDE FAp o Ap HIE R 0 e A 2 TR
P B

B MIMO HilsE - AR =) » X X M~ 2 Hcf
HAic B I E G A RN 2 F o L%@aﬁ&ﬁﬁiﬁﬂﬁi
PR NI R R RERE R EIARTIFREZATR
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fAS AL 3D A A B A AR B WA ER G ook
WA P AMEL S E o

AR SVHMFL B R E - PERBIrF TS o ke gl
PP R e B - G 0 B F Bk R SRR AR R
BpBAE - TR A S M R THEAR, o R
B R AR AP T S LA RS 0 B R E
AR VIR AE I PRESY PR RGN ER

Eappende g7 h- BREMEFEBE AR

56 #ED 3 o W R F i 4 B LR SE T
POREE BEE R - B (AR - Bl

Y
_‘3“3
!
x
P

I

¥4 ;% v /@ rL 7] (field-programmable gate arrays, FPGA) % » ¥ T pkif
WEATH Y T T R i# @ﬁ%] > LFEd oM M enfppe 0 B0 56
5T );3. ﬁ@rs xi }@q* Pl;izx}m]ﬁ ]l\ 31

C. TDD £ FDD % & i& (7 L piv
KAy EM > Py F4/7 B35 a0 FDD & TDD 5%
TR > BEF WA S L F &R E FDD & TDD U473 - FDD
2 TDD B &8 (TR F - BRESLEAL L VEES BEL Hi
- fAEL S R R E T ¥ - AT FER e 5 N E

31 ITU (2016), Emerging technologies and the global regulatory agenda, at 28, available at:
http://www.itu.int/en/ITU-D/Conferences/GSR/Documents/ITU _EmergingTech GSR16.pdf
32 |TU (2014), Report ITU-R M.2320-0, p.9.
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SFe v dh 5G BMAEHTA BN F 02 Do g B B0 5G NR g
g AT 2 Uk BG AN A F fdp AT £ 2-10 ¢

% 2-10: 5G s § fp ot K2

ERIEWM AT (Radio Acces Tech.) BB iT (Network Tech.)
I\:/Elllsl\f’ISig)e Beam?’flc::t:ming TD?E_EE‘DD SGNR | C-RAN SI\?FQI// NSelltt‘:’:Ir?grk IR a2 s
ifﬁ%@ﬁfz ° ° ° ° ° ° . °
B AR ° ° ° ° ° °
[ ] [ [ ] [ [
® @
[ [ [ [ [ [ [
® ® ® ®
S pr

TR IR T ITU S KTS®e ¢ i sied w3 2 i

\\\?{r

e P A B2 Bl o A BG RRER 2w s AT B R
PRERPHEAKRI (MSIP) 2 GRTEFF - HFd Hg 40 0 7
FER -7 2018 &£ ¥ F RE g B * 2 Pre 5G ot ¢ R %G e

BB ARG E R AR A LA (TR —-g o & B
RS L e R R PR Bl FURE > U F I 56 MpFut ~ 3N E
1 AR/VR J& #* o

38 KT(2015), KT 5G Master Plan, at 40.
M EERGITHL (2015) o SEAEAF] — R 5G KEME - H 5
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BRIGFF L EAEY KT - B oPopst &7
HIBTS RRABERT S BEEPCRRE R B - B
RGP R -

BB 304 % BT Cloud-RAN %4 a2 44 5§79 B =
CUfrm mH ~ DU CU & ¥ AJZ & M F & A Tr it o 3t B
B (i 4 e s g i 4 o DU # HEAMASEE & BBU fra T
FHEALRFU CUF i ¥ PR EB TR R LG EF 2 o &4 Trps
MERZFOEB CUTFENES%P RS R 463
Gt > CU4r BBU — 42z % 309 % 5 - BBU fr RFU % s35% %
B AR o BRI AT R 2-37 -

A

&

A
m —T—— RFU

HoengGye CO

Seoul

(Umyeon-dong) m

-
BBU RFU

5G Core (CP/UP)

PyeongChang 5G Center
5G R&D Center PyeongChang Area

5G Core (UP) % '-:
o [ 5oy B

GangNeung CO
GangNeung Area

CP: Control Plane  UP: User Plane  CU: Central Unit BBU: Baseband Unit  RFU: RF Unit

W 2- 37 : Bl Pre 5G 7 # # B

R &R - KT 5G White paper
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3+ I0E2LF 24t  IEEE (& B A RBHE)

d 2 AKR SG M2 pEERT ARy T BAATRET RI > TR
AR AR Bl AR FF 2 T R FRAKL
%&@ﬁ$¥ﬁ#ﬁ~’ﬁ%@%a$%a
y%ﬁﬁ%%ﬁ@ﬁﬂiE%ﬁﬂ?
WFE B B e T A RE N AP ERERT F 0 B
|EEE 7 WiGig 13 » i 4Likri-2r 5G % | 4 5 B o
MATEEFP ~ 5G 2 Fuipg B > d WHEGARTR EY
FRAPEEL AR o Fl o FH R RGO G R R R

[ ¥4 0 F/8 2 & BaRpip it

B AR HREIRTE o B B3R BRI RS Ay
BLEFFAR o PG LT G et o
WiGig $#jt2_Wireless Gigabit Alliance | ©_sh— i © 3L & 5B
2013 # 1% 4 p & » 3] Wi-Fi Alliance » % F a6+ 60GHz % 34 PR AR 3%
BB R P BTG 24GHZ&SGHZWIFi #3840 % - WiGig £ 4
4 &€ 8 FH
® B B 7CGbps iy @i > . WIFi #5105 o
® U A RAWEAAKEAMGFR T LY Olaotf) @
w A FFHASEAEGE (Gldok-kapet 2 L FAFTRE)
® 1/ |EEE802.11 ad %% » ¥ % 3% 2.4GHz > 5GHz - 60GHz = i
HE B
® iF % & MIMO beamforming > #& % % 5Lik & > 7 xR iF §E
it 10 0 ¢ ¥V EEFF o
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=~ 5GBS e

L

T FRIANAEMNE THREGIRBEE A ES LT i o gamy

&
&3

1
i

BMA ORI S ARFERER (40 WIi-Fi) £ &80 CRIE > 11 E
B R T e GRG0 T RAEH TR

ARMTFLp RPhp B G2 TR B PRy 5 g i
BRI AR LD R F FEF AR ) 0 B g A
FERRT ) T R AR AL E o AP AR
Fend AR o 24 5G &2 10E B e i 0 4o B 2-38

400 MHz 3 GHz 6 GHz 30 GHz
mmWave

Different characteristics, licensing, sharing and usage schemes

Carrier BW =—->n*20MHz————x* 100 MHz =——————1-2GHz
Duplexing FDD TDD

o0
Cell size . Macro z.: nall zzg. Ultra Dense
Coverage ¢ » Capacity

W 2- 38 I FRA L

AL KR ¢ 5G America

Tl AME A ¥ 3p 24GHz 2 300GHz #g & - H ¢ 57GHz 3 64GHz

%

1% 164GHz 1 200GHzZ & BRI E » X § § 2 K F e F - %

¥ A HERY e 4o B 2- 39 0 %

® BWERMTTL (2015) - fEGERF] — RAHEFR 5G AHE - H 10 -
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3 GHz 57 64 164 200 300 GHz

54 GHz 99 GHz 99 GHz

K F Y A
Al cellular mobile Potential 252 GHz
communications available bandwidth

60 GHz oxygen Water vapor (H,0)
absorption band absorption band

W 2- 39 : mmWave #f i#
AL kR ¢ IEEE 2014 > #51 p G HEE o

TR AMEE G pd 3 B (Free space propagation) -~ + F B
Tedf 42 2 % % ERT I o d N ERT FHM I DT R E KRB
POH - X MGUS g R R R WAV ] 0 Fla RO S PR AL

HEfo] - 28 I R ERGE FIR X RWHFAAERC) > AR

(w

RN TS SRR LR ST E NS Iy

S

R AT« T4 f i RS E A L @ R

AN

P /— S

3
KEFAE T B % F i S AR k’%ﬁ*ﬁﬁﬁokﬁﬁ’E
A B R GF R g BT o RACE AR
T A HFASG R FEREY > FIHEVRELOETER
FIRAZR #F @,%] o ITU © 24#%3F % 5G iz E A8 £ > “f"“ WRC-15 = ¢
Pk 6GHz T BG 2 iEiEAEE 0 Vo R F S SN R
3 WRC-19 + ¢ ¢ %% o ITU 2 5G izE4F fifie B 4o W) 2-40 -

% [FRTEE -
71



Potential Candidate Bands for 5G

P-4

Low-frequency bands below 6GHz are 2015 I&J High-frequency bands within 6-100 GHz 2019

always necessary for IMT

can be introduced in 2019 and beyond

* Exploit the bands identified for IMT in the Radio
Regulations, including 450-470MHz, 698-806MHz,
and 3400-3600MHz

i <

* Several potential candidate bands within 6~ 100GHz are selected.

» With different channel properties and coexistence situations.

 Studies on channel measurement, modeling and coexistence are
ongoing work.

» To promote establishing a new agenda item in WRC-19.

f

@s0) ! 2G6/36 | (33)(3.4)(4.4) ( ) ( ) ( ) ( )
0 ‘Mqu refarming ’i?’GH === 499|6GHZ 25-30 40-50 71-76 ‘81—86‘---100GHZ

—

- LSO

Get new bands below 6GHz in
WRC-15 AT 1.1

B 2- 40 : 5G & E I £

T KR - IMT2020 PG, 2015 #

ITU $4° 5G #p 3 g § MO B e o 0P MR 5 Al 47 5 A

Ao e ER R

® IGHz M THF i & b B EL E > FFE

700MHz #5 2 5 1 &

+om ¥ %

% 0 6GHz 12 T 4 £ R 1 3.5GHZ 48 £ (3300-3600MHzZ )
SAREGEY GHEFEHARERF ERLE TG TR
AL IR o ¥ ot gy WRC-15 ¢ ¥ 4 2 {7603 3 3
A& Farz AT F R 0 ¢ 35 3300-3400 ~ 4800-4990 - 4400-
4500MHz EH4F L > 7 7 BB 2 AR BT R T 2 B AR
24GHz 1+ 2L g s MR ZEFFRRLE p“‘q‘:%‘i
Tk R e RER 2 FE ) 0 £ EHEN WRC-19 < ¢ 5 2 4
EABE -
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iTHp 3GPP & ik % — 2 S5GH#pE » 72 35GHz #FE 5 H ¥ B
BPE B EY LA SF > RF AN A AL (TDD)
#

. 3Gbit/s % Ei# F (4oT % 2- 11) - % & eMBB &2 mMTC & f&iF
Baf ZaBEF B Ard | wmie ke 2 FEHEo
2 2-11:5CGRrMEE T ERR/BEFE

‘ RF channel Bandwidth ‘ Peak data rates’ ‘ Average data rates? ‘

40 MHz 1.2 Ghit/s 0.312 Ghit/s
100 MHz 3 Gbit/s 0.78 Gbit/s
200 MHz 6 Ghit/s 1.56 Gbit/s
400 MHz 12 Gbit/s 3.12 Ghit/s

TR %R ¢ GSA

n77 3.3-4.2GHz 3.3-4.2GHz TDD
n78 3.3-3.8GHz 3.3-3.8GHz TDD
n79 44—-50GHz 4.4—-5.0GHz TDD
n80 1710 —-1785 MHz N/A SUL
n81 880 — 915 MHz N/A SUL
n82 832 — 862 MHz N/A SUL
n83 703 — 748 MHz N/A SUL
n84 1920 — 1980 MHz N/A SUL

W 2-41:5GNR % - EIFERDI L

FAL kR TAICS (2017)

73



FEE 3GPP It 34# 3.3-4.2GHz #F &g ek = 35 0 P v L)
A A o $- fEfel S % 33-42GHz A 5 F BAEE 0 Band X

% 33-38GHz~Band Y 5 3.6-42GHz - % - e ¥ & A 5 & B 3.3-
42GHz 5 B - W f » boT R 2-42- PR AR N w gk oY

3.3 3.8
Proposal 1:
Band Y
3.6 472

Proposal 2:

3.3 4.2

W 2-42 : 3GPP 3.3-4.2GHz 2. 5G NR # %
L % iR : 3GPP

> 3GPP @ B 433k 3.3-4.2GHz 112 4.4-50GHz HEfe ) > & -
AL ERARBMLE B G o 33-4.2GHz ~ 4.4-5.0GHz #F £
AR SRR 5 Y- R SCHHER S P

$ M T RAFE 0 3GPP B B I a3tk 24.25-20.5GHZ 47 £ i)
S ARG A EAFEAeE (n257 & n258) A ulheT ] 2- 43 -
38

® n257 : 26.5-29.5GHz ;
® n258 : 24.25-27.5GHz -

87 3GPP (2017), WF on 3.3-4.2 GHz and 4.4-4.99 GHz NR spectrum.
% 3GPP (2017), 3GPP TR 38.815V0.1.0
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27.5 28.35

- 24.25 27.5

P 26.5 29.5
0, ]
. 27.5 29.5
24.75 27.5
]
| | | | | | | | | | | | | | | | | | | | | | | | -
] 1 1) 1 | ] ) 1 ] 1 ] 1 1) 1 ] 1 1 1 ] 1 ] ] ] =
24 25 26 27 28 29 30 GHz
26.5 29.5
n257
24.25 27.5
n258
| | | | | | | | | | | | | | | | | | | | | -
1 1 I 1 I 1 1 I I 1 I 1 1 I 1 I I 1 1 I 1 =
24 25 26 27 28 29 30 GHz

W] 2- 43 : 3GPP 24.25-29.5GHz 2. 5G NR # %

AL KR - 3GPP

d 3t LB R R 24.25-295GHz #EE 2 p REI A oo Flpt 3GPP

WAROFRLBAFERILS N ZHEFRBRES TEES -
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¥z & R 5G/0T 415 B AR #

~ ~ WRC =+ ¢ 3132 5G/I0T #3# %L

(- ) 5G g E 47 3%

B & WARC-92 ~ WRC-2000 ~ WRC-07 ~ WRC-12 2 WRC-15 % =
RIS 0 2T P T oo BEBFHE R UHEH T RS 45 450-470MHz
470-698MHz - 694/698-960MHz ~ 1425-1518MHz ~ 1710-2025MHz -
2110-2200MHz ~ 2300-2400MHz - 2500-2690MHz ~ 3300-3400MHz -
3400-3600MHz ~ 3600-3700MHz 2 2 4800-4990MHz #F £ o

WRC-15 * & ch% 238 5Lk I3t ) 15 4 #4444 24.25-27.5GHz
37-40.5GHz - 42.5-435GHz - 455-47GHz ~ 47.2-50.2GHz - 50.4-
52.6GHz - 66-76GHz ™ 2 81-86GHz #F fx (7 6+1d 12 ¥ 73 1¥ 5 1 & %53
2 AR WA Y o AR E S U ¥ 40 BG A E 2 ] (T £ WRC-
194 g7 2% %

¥ b WRC-19 < ¢ ¢ 2 #- 31.8-33.4GHz ~ 40.5-42.5GHz 12 2 47-

AT2GHZHE < > 3dsmip ot e deid 1 3% 5 4 & F402 3% o

(=) loT &4 E:8 ﬁ%] % %t (Intelligent Transport Systems, ITS )

WRC-15 + § e 237 SLAGRBI4E 3 07 B 4 0 e s 1 e
- RERAL > A o RIEE £ 2 AP M RAL o 3 & WRC-19 4+ ¢ ¢
ﬁ?‘nﬁ%’%@ﬁ,ﬁ BT L HETRLEN 2R - RS BHE B -

3 |TU (2017), Report ITU-R M.2411-0.
40 WRC (2015), Resolution 238.
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RERA A Z R PR LSRR - R85 0 BaEFE
@ﬁ}&i%ﬁ°

WRC-15 ~ ¢ % 239 5Li-3% P54 5150-5925MHz #7 £ 3 # *t &
U 52 AP MERAL 0 BT 24GHZ 1 F LR e ¥ 1B b

;R NIRRT - BANPBME SGHz MG { ¥ v
'F”?;‘E‘z » R d ¥3F 5 W Re S 5850-5925MHz A fie & DSRC i *
FIMAE R R R T2 R H 3R 0 WRC-19 < & A #
¢ A% BGHz #FFp e A PBAF % 53 & &2 ¢ * 5850-5025MHz
DSRC % # £ % o %

S . 2 3GPPRME AP M 2 RS e it o

"% 3GPP 2 B2 %37 iha L 4RE e (ETSI-EU ~ ARIB-Japan -
TSDSI-India ~ TTA-Korea ~ CCSA-China ~ ATIS-North America) ¢t
R @B AP M AEiE e Bdogi f SGPPP ~ METIS » 2 A7 7 i
( Wireless world research forum, WWRF ) -~ # & 5G Forum ~ ¥
IMT-2020 #aie e B84 > & p SR aMp P HETEAZ L4 20 7
hEJITded 5CGHFE » PRy HRA R4
1 ¥ GSMA ~ NGMN 2 {7 #:1 f % 4= DoCoMo £ Vodafone %
SR EE R o £-4 R F RRLIE PR3 IEEE - WFI alliance ¥ 8 4%

o
b2

- ERAEEZE A

-~

@k\

»ESG AT Y 0 E B2 B v o ] 2-44 -

41 WRC (2015), Resolution 237.
42 WRC (2015), Resolution 239.
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Developing Developing internet

Recommendations protocol specs
Referring to specs o
Developing Mobile
%, Developing Wireless . ™ application specs
‘%, LAN/MAN specs Cross reference
7 %, A GCLOBAL INITIATIVE of specs
2 G
g5 < IEEE =
EE S Engeent e res p o 60:%/ Requirements
SE sﬁ‘:v = ‘boo"/
ol To %%,
=2 %
oL
£z N %a;%,
.E.E o Partners of 3GPP mTcrminaI ngm
<= . X
22 6 Referring to 3GPP specs for Certification grmataes | fomsionum
£ Ui M A X the local specs
-] v
£ \ ; OGCF

Organisational Partners

(""K%)\} [nms?iﬁ-g d tsdsi | Fr {Ch }LShL'IS"J

Source: 3GPP

W 2- 44 5G FF I3 BN @
T KR - IMT2020 PG, 2015 #

=~ LRSGHEEHRTE L

WP L4nd 5G# B ke 5G PPP s Bt 2015 # i ¢ BB 5G {Ri#
#1370 $30 2016 & 7 7 L ATH A 5G Hv A F o RED Pou RET
o s B ATR 2 MAER o X M- 5CG FATITIE N 2 g * R Y F P F
Rod  BAMEEDS A RYSFR AR ARIRFEL &
B

5*&\
nﬁl

\T

fo

W AE TR FEF 4o E® (Vodafone) ~ 317 §
( Telefonica) ~ Orange ~ & B 7. = (Deutsche Telekom) % ‘if iiﬁ 4o
# A 1, (Nokia) ~ & = = (Ericsson) %> 2016 & 2 * 374 vk »
LR g EARGIR 2 5G i R F R TR ORI 0 I & FRE A kv
2 11 7T00MHz ~ 3.4-3.8GHz 2 + ** 6GHz 2_ #f £ (4 24GHz)

‘1

/8



!

&ﬂ’ﬁﬁﬁﬁﬁﬁéﬁ€ﬁw%56£mTw%M%ﬁ%’%ﬁ
SR RAIEHFIE B R FFE 56
‘MZEw&»ﬁLm0§%i;Fﬂ’%EﬁkﬂiéﬁpﬁIﬂ~

#r 2 E N~ % 1,300 § F & o

0T 7 Z =4:8F & 5 Hojiv >

=

BEE 2 E TR R R

i
¢ B IMT-2020 (5G) f&i& = 2 % p 5GPPP -~ = & 5G Forum -
A BERE 2T Y

% & 5G America 2 p ~ 5GMF £

AR HHE o 2 2R GG HINE B2 - Ko
PR A EAEE S G 0 &MU (]2 6GHz) ¢h eMBB g 3 4 £

% 3.3-34GHz ~ 4.4-45GHz ~ 4.8-4.99GHz > @ loT J& * % #- Sub-1GHz

s3] 4 NB-10T b » - 50GHZ 4|42 W * o 45 (% 6GHz)

S & Bl# 20-40GHz 5|5 A X BL L * #E > ¢ 5 25GHz ~ 28GHz ~

30GHz ~ 40GHz 2 WRC-19 ~ ¢ # RF|2 iz FH E o

e ARXFRFEN TP OGHE G R i
ABEAFINA 0 B (Qualcomm) ~FHAL ~E 2B~ EFL S
p ~ NTT DOCOMO % = 'J#iﬂ“ & % £ 4 BAG/SG Ap B i€ 3 H e
FRBESEE B BALHE 2 G RGY 56 B S AT M
s UEHR A K 5G B @ﬁ;]‘;:—f B EI R F fo

=522 p &~ NTT DOCOMO ¥ £ 5G iep * it 2 % &
KRA e EL RN L TP EA

2w e
/?J \zik‘ ’

-8 A FIE > 4 PB-5G T LA BT 2 PliRE R > NTT DOCOMO #

3+ E 3] 2017 & B 5 5G MAEFTRIGERFE 0 T IE AT 2018 & B s

G HIHER * IRTE o
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$=3% &R B4G/SG ~ loT HELEIH75

I

% - & BAG/SGH A RH| & 14
- WP
(-) sz B

PR R € T iz & S ¥ s R ) &= (Radio Spectrum Policy
Group, RSPG) ** 2016 # 6 * # # = kg~ i » # T 5 5GHE 3 %
i EER o E T 5C EMEAEFEEE SR L oo s 2017 & 11 ¢
# % - Zowc BG AE X 9% B ¥ % ( Strategic Spectrum Roadmap
towards 5G for Europe: Draft RSPG Second Opinion on 5G Networks ) >
G4t BG - E k2 FERNLE-H2 AL AL EERAEY -

43
RSPG*+ 2016 # 4 " % - =z R 1 e/ ¢k 1 2017 & 11 7
%:«kSGﬁ'ﬁ;-g-ﬁ\alig]&_%pﬂj,bépﬁ —L‘_Agi"ﬂ%gﬁ
FE RS e A £ T AnM 4 £ Fidmi 5G M3 « RRE T Mk

KA o RSPG 1 1/ i g iRER H R ME R 4™ 4 3-1-

4 RSPG (2017), Strategic spectrum roadmap towards 5G for europe: draft RSPG second opinion on 5G

networks, available at: https://circabc.europa.eu/sd/a/b7f85chbb-5155-4268-abbb-fa83113b3ed4/RSPG17-

034final_2nd_draft opinion_on_5G.pdf (last visited : 2017/11/29)
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% 3-1: RSPG 1 ¥/ 1

L ERFTAEPNF g RN 7
2016 &
425 | F- x10E L B R *%%$ﬂ§ﬁ?€i
" , —ff & EB o BTN LG
- %1 w g . ,P‘,.
6/2 TR S S
- s FHLEARTYRLAETER
- =X 1 2 E ’ A s ¥
3 SRLTLEER s - R A
71;,‘:1\' %!v" "\{j:\:i‘-gr —’& 2. o W‘;;;g
0/8 EA S i A 20 DR BEHERARE Y RTR LI
BREE - TERE 24 fp
- . e 2R R R LATH- waE
11/1 I XL -] K N,
Tl g Fy %R ERotdp
+ 24 ¢ i W 4 RSPG #f 56
B 7 , o ,
o | &R AT W2 ¥ -
2017 &
112 | %= =1 iF] 2§k -t g ERIEA Lk
BAt LRI ITREEHRIL DM
207 | &R AT
! ¢ AR
, L | HRHRERLT R (- #
2123 | %= F 1 iF] B gk : '
TR mepues
323 | % ~Faiv) gk A LE R R R R F R
5/4 $4 30 B gk B L E R R
BAat LiER L ITRREBRIL M
B 7
7/14 $ Lo i) gk 1 Ap MR AR
. o ow | FTEMAR M RAL  #rg GSA R
L T D
2424 § 2% BE > i &
9/17 ¥ L - %1 i) z_E._g =1 P‘}PW#E i \52%{ —gv GSMA

> 2L X Ay
TR L S

FoH kR

RSPG
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Foboogpd A EF e 5G PPP o £-4t 5G ppt i - H
WEEE A 0 e PFiS 8 Horizon 20202+ 4 (5 5GAZ5 B g &g ) o

5G PPP *+ 2015 # % i+ 5G g # 48 & (5G Vision) - 44+ 5G ¥ 3%
R AEFYENT g M

@ EMFAHZPELEE R HT 2 4B

® Y ATEN6GHZ 1 b m M EARAE 2 % &

® piEEIoEoe

ARTHFHPELE PRPIFHZ R2EF > L 2T B
B ﬁ;grgmj 4% «:U;H:B. & * : Cehe BB z@K s]:fl;ll)‘; Cisco % 2 ¢ ;E;Eq ’

p 2013 # 3| 2018 # chizdodcyp A i€ - L g E & & 50-60% -
— ARFEIRE-€ T 2020 E 0288 o P FI 56 B* FE { <l
FHE 2 O ET RO R SRS o

AW AT R =Yg 6GHz 2 F 2 #5 o { BAR
PR A AR ] Bk ffb@@?}gﬁ F oo AR
FWACF E O R LR R AR A I A g R
RN FHERRALPE FPRFIZLRY e TR o

b
o

58 6GHz r1  Aripfips > F & L TR AL ALTE G H B RAE
Tohir AR MR c TR FS RS bldok ] AT
THER LR Y F ks E o
151_7_ &

A BARR S T ARSE RN RS L

T LI Ap X 2
= & Fl
LHREPHFT2ZMeE - B FERBREF DR RODELR > Uk

- e

4 5GPPP (2015), 5G Vision,available at: https://5g-ppp.eu/wp-content/uploads/2015/02/5G-Vision-
Brochure-v1.pdf (last visited : 2017/6/09)
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Mobit Neworks Radio experiments Trials 56 Deployment and commercialisation

@ 2YEARS - Exploratory phase and specification 2 YEARS- Detailed research and optimization 2 YEARS - Experimentation and trials

B 3-1: %P 5G PPP 2 5G £.3|p 4z
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4 EC (2016), 5G for Europe: An action plan, https://ec.europa.eu/transparency/regdoc/rep/1/2016/EN/1-
2016-588-EN-F1-1.PDF (last visisted :2017/6/09)
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46 RSPG(2016), Strategic roadmap towards 5G for Europe: Opinion on spectrum related aspects for next-
generation wireless systems (5G), available at: http://rspg-spectrum.eu/wp-
content/uploads/2013/05/RPSG16-032-Opinion_5G.pdf (last visisted :2017/6/12)
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RSPG s » 5G4 Bkt T & & 4L :

4T RSPP(2017), Chairman’s Report of RSPG#43 on 06 June 2017, available at :
https://circabc.europa.eu/sd/a/d7d08273-0cab-4462-8839-25b009b5900e/RSPG17-029-
43rd_Chairs_report.pdf (last visited: 2017/6/12)
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4 RSPG (2017), Progress Report of the RSPG Working group on spectrum related aspects for next-
generation wireless system (5G), available at: https://circabc.europa.eu/sd/a/0a7280fa-94c7-4bb9-be6b-
b414d3dc91fa/RSPG17-021final-progress_report 5G.pdf (last visited: 2017/6/12)

49 RSPG(2017), Strategic spectrum roadmap towards 5G for Europe: draft RSPG second opinion 5G
Network, available at: https://circabc.europa.eu/d/a/workspace/SpacesStore/fdf96fcf-16c5-4492-babd-
a92eabecdef4/RSPG17-034final_2nd_draft opinion_on_5G.pdf (last visited : 2017/11/21)
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%0 RSPG(2017), Strategic spectrum roadmap towards 5G for Europe: draft RSPG second opinion 5G
Network, available at: https://circabc.europa.eu/d/a/workspace/SpacesStore/fdf96fcf-16c5-4492-babd-
a92eabecdef4/RSPG17-034final_2nd_draft opinion_on_5G.pdf (last visited : 2017/11/21)
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L 5GPPP (2017), 5G Innovations for new business opportunities,available at: https:/5g-ppp.eu/wp-
content/uploads/2017/03/5GPPP-brochure-final-web-MWC.pdf (last visited : 2017/6/12)
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-~ BR
() /e E
Ofcom =8 f 1295 2003 :L 17 7 (Communications Act 2003) » & 3% &
CAE R * > U Eiﬁﬁ?a‘)’lﬁﬁ’ﬁﬁfr o fe] THE AL PF > Ofcom ¢ 9
Fro NEGP R EE O E o 2T ARM A REER AT
FrH FE 0 kg e I R RTAE o
Ofcom o Fefidp v 4 B WAL REHHFRL > 6 chE ¥ > ¢

o

At RS 0 bldrE MR AR s ) 2 (RSPG) » wHERpefe R 13
2t H ¢ (CEPT) » s #g# £ i ¢ (Radio Spectrum Committee,
RSC) P A RER G EE(ITU) -

Ofcom # »+ 2015 & 3 * > £ 3£ Quotient Associate = 7 £-¥+ 6GHz
YA EE (A8 PeiE BG R 1 HE L o Quotient Associate = &
% g S BT (IR BT
® 661 71GHz;
® 455 % 48.9GHz ;
® 405 % 435GHz;
® 717 76GHz -~ 81 % 86GHz ;

® 572 66GHz -

Ofcom £ ¥ B R 3 £ MBS RF 22 & 1% > iy 2016 &
RSPG % %7 - & k% (5G) 21 i¥3+ 3% » RSPG #] % 5G g E 47

%3 Quotient Associate (2015), 5G Candidate Band Study,
https://www.ofcom.org.uk/ _data/assets/pdf file/0014/31910/qa-report.pdf (last visited : 2017/6/12)
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BRIV RPEZEIRFE > LN mw 56 Xk @ - 56
i E AR S 4E
® iUiFE 1 700 MHZ ;

® ¢ ipfl:34-38 GHz W r 5G i RAFEL 0 4k B AT

TR

5G PR7% 5 14 &
® 2425 % 275 GHz eh3 S B4 ¥ 1F 5 L& eh®E f L (millimetre
wave)dg £ > 5 5G AIRTIRIF R A2 R B & 0 1 AIATHOE I
frtp B 5 @ 594856 ¢ R F A&
§ R R~ 2t 2016 # 12 7 & RSC 44787 wp 14 § 4+ CEPT
B fFl37a B FEIE A fochm FAE £ (pioneer bands) 0 4 W] 434 2
3.8 GHz#gE » 113 26 GHz #E £ - %
w CEPT  +3i 7 £ B ¢ (Electronic Communications Committee,

p
ECC) T &t 4 | = ECC PTL &t £33 24.25 3 27.5 GHz #f f chit

-~

7 -~

HEE R FRT Y o il -6 AN W i B4 56 e BORE] 0 E
FLEe RRT A E SR B8 g o BT R fof BRG]
ECC &3k % i+ (ECC Decision)® » 77 &%~ ¢ 3 % & CEPT thdp 4
oo dpM e et R p R 2018 £ 6 0 o

FRFCHD B e 55 2018 £ 5G sk EH 500 FEB/ET 0¥

BB 1.6 RmEEF AT 5G R EL(new 5G networks) o 1 & B 3 -

4 RSPG (2016), Opinion on spectrum related aspects for next-generation wireless systems (5G),
http://rspg-spectrum.eu/wp-content/uploads/2013/05/RPSG16-032-Opinion_5G.pdf ;Quotient Associate
(2015), 5G Candidate Band Study, https://www.ofcom.org.uk/ _data/assets/pdf file/0014/31910/qa-
report.pdf (last visited : 2017/6/12)

55 EC (2016), Mandate to CEPT to develop harmonised technical conditions for spectrum use in support of
the introduction of next-generation (5G) terrestrial wireless systems in the Union,
http://cept.org/Documents/ecc-pt1/34326/ecc-pt1-17-055 5g-mandate Quotient Associate (2015), 5G
Candidate Band Study, https://www.ofcom.org.uk/ _data/assets/pdf file/0014/31910/qa-report.pdf (last
visited : 2017/6/12)
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T 10 mEaE* A kKT & kG 56 “,f Btz th o R R R
B 1,000 § &4 BERRERL > 7 < (National Cyber Security
Centre)it 7 5G A4p M % > 385 o

itf’l:?ﬁ]f&:)fﬁﬁ a1 ;zéﬁ'}” RN E B g 2 OG FER o oM A
e IR BT b2 PRl R o B RFCAP W fbac 1,600 3
Bz B B el 56 3% 0 A B Wy - B 5G e AP F
VR oGRREPRRERE > AEHUREBEL BT R - AR
S TENRE S NEFENFL BT R 6 FRAA
T OMFPETE R SGERPArfp B B fRikskeha (F o

& RFcT 2017 # 10 P A4 SGmkB R AR R BN F
5G R ¥ = fr2 it 44 T4 % (Department for Culture, Media and
Sport, DCMS) 2 ¥ 4% 2 & 3k o F]pt » Fofrte 5G ViR > 7 = Fahf
BY S T - #enbG % T £ K 16005 waR 5 500 BE o

(=) R
Ofcom »t 2017 & 2 » 2 # LGAEE L #7~ ¢ » #-%+ RSPG i~
%5 12 700MHz ~ 3.4 & 3.8GHz» %2 2425 % 275GHz #gf< it 5 5G
B iEEATE o Ofcom 3L s EH L MEHRZ ERF - AN EGKE F
BiEg o
Ofcom # & & ¥ * 3 B > ¢ 32 22 F 533 B 4 & (Non

Operational Development licence) » 1 & * %325 B > 12 % 2L ¥ faqppk

%6 Ofcom (2017), Update on 5G spectrum in the UK,
https://www.ofcom.org.uk/ _data/assets/pdf file/0021/97023/5G-update-08022017.pdf (last visited :
2017/6/12)
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i¢ * 2 P& (Non Operational Temporary Use licence) » i & #* 3Mp[2E p e

PERENT I FRE Y RRT KA DR o

1~ 700MHz #g £

Ofcom Fg . 7T00MHz #g B end & 1 f’r{;ﬁ‘—;‘: T Eiro @
Hw 2t p A B eneniT & ficdpid 3 pRA% - Ofcom @ »t 2014 & 11 ¥
FAEP > RPE AT HEG & £ir 0 ki 5 T 4R (Digital
Terrestrial Television, DTT) e & p %] ¥ 22 4 w5 # (Programme Making
and Special Events, PMSE):& F## € » i 2 S K7 * W (7d 5
HE PR A% o >

Ofcom 77z 700 MHz #7 B3+ & 0P oo % 7R 3% AR R ¢
#DTT A &2 en+ 4 > P 3R 960 1 1164 MHz =g *F
BB E PMSE £+ * - Ofcom p o MIFFEFHFLE  miFL
2020 F 5 - F 2w o ZME AR EFHRAERZF 2R o

Ofcom 335+t 2020 # B 488 41 700 MHZ #4542 » & % 7 3E 3 %R &
EIFP MM F R F L2~ > Ofcom {8 F AR R I E 2ok ix

J'FL#F’ O AR~

2~ 3.4-3.8GHz 4 £

$+ 34 1 3.6 GHz # £ » Ofcom 75348 41 3410 & 3480 MHz 4r
3500 % 3580 MHz #7 % # 3+ 150 MHz 47 % - Ofcom f & %3¢ s thdy %5

57 Ofcom (2014), Decision to make the 700 MHz band available for mobile data — statement,
https://www.ofcom.org.uk/ _data/assets/pdf file/0024/46923/700-mhz-statement.pdf (last visited :
2017/6/12)
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frap g R LM E PO B Ea e 2017 # 17 30 p S 0 T ARG
2017 & mwieiadp g o PR F LA RIG ¥4 BT £ 3UK #f>* Ofcom
RKT2ZMHF Vg ko w2 lodhm Fliphdp g (TEEY o

7 M 3.6 1 3.8 GHz#g £ » J sk 3605 1 3689 MHz#f £ dpfie % T
< i 13 PRF%(electronic communication services) » & 4% {7 % £ 7% » 347 £
& E % Ofcomena A B H B g * # iR T o

Ofcom*+ 2016 # 10 6 p # # @Ky » 2%k # 36 3 3.8 GHz
B Flapen 116 MHz # > (78 £5% > P93~ AP E PN IR
3% 24 A Ap B e a\iﬁ % > & 5 Fh # o xk(satellite earth stations){r #]
g 4#§% (fixed links) » 12 2 3605 3 3689 MHz #g Fd & W £4g o @ (UK
Broadband ) 4 % 2 A B:E T A o 3%35a 1 172 32 2016 # 12 % 15 p
2 & » Ofcom »t 2017 & 10 * % # ¥t 3.6-3.8GHz #f B 2_ 4~ # T L i4-3& >
FE M- 3.6-38CGHZ M fidpinib b £arid ¥ > TR NFTEG FWh ¥

'ﬁéﬁ? W iE I o OO0fcomF T A &

. B~$-m¢ﬁ?ﬁz@ﬁ%¥ﬁﬁ%%éﬁﬁ’f“ﬁ%ﬁ

R IR 4 e ¢+ 3.6-3.8GHZ A -

%8 Ofcom (2016), Award of the 2.3 and 3.4 GHz spectrum bands, November 2016,
https://www.ofcom.org.uk/__data/assets/pdf file/0026/93545/award-of-the-spectrum-bands-
consultation.pdf (last visited : 2017/6/12)

59 Ofcom (2016), Improving consumer access to mobile services at 3.6 to 3.8 GHz, October 2016,
https://www.ofcom.org.uk/consultations-and-statements/category-1/future-use-at-3.6-3.8-ghz (last visited :
2017/6/12)

60 Ofcom (2017), Improving consumer access to mobile services at 3.6 to 3.8 GHz: statement, available at:

https://www.ofcom.org.uk/ _data/assets/pdf file/0019/107371/Consumer-access-3.6-3.8-GHz.pdf (last
visited : 2017/11/28)
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%0 HaEE K 5G e B > Ofcom ikm 4+ &2 B = o RILITE R
Z A Ofcom 4riificsl 3 FTABR PR 0 3 HRL pAcT £ 0l
fro Ofcom Z X ¥R Fh o ek d P BRIFVT > ¢ FE A AP
zk % % (Permanent Earth Station, PES)fr# s 3% 7 £ cran v A 3 B
(Recognised Spectrum Access for Receive Only Earth Stations, RSA for
ROES)34 e o #g3+4€.2020 # 6 * 1 pae> Bl B H Bz~ 2 ®y G
b oxh2 HBRIFT o Ofcom #-4F 27 3.6-3.8GHz #f < eh2s Bk o
Tt e 2018 & L E padi g ik o ¢ 3.6-3.8GHz #F £ P 148
Hz #2019 # =78 £ 558 * -

F AR E 2 R £ 1t Ofcom shrc KRG ik s

3~ 3.8-4.2GHz #f B

Ofcom »+ 2016 & 4 % 14 p 3 * £IATR* RIS € ceasd 61,

VLHP RIRTIR O PRART LB AR j¥%%&°$%wﬁmw

)

& Ofcom 3n i A v %G FefrH LE PRBFFFE nFnT >

61 Ofcom (2016), 3.8 GHz to 4.2 GHz band: Opportunities for Innovation, available at:
https://www.ofcom.org.uk/consultations-and-statements/category-2/opportunities-for-spectrum-sharing-
innovation (last visited : 2017/8/4)
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AP B 5 TR 4 2018 b X E 4TS
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RETS o

4 ~ 26GHz #f £

Ofcom &+ ffiendad 26 GHz AF F 1% 5 23RS iR A T F AT E >
Ofcom ‘ﬁrf T8 ECCa iR e T & iT ¥ 48 ITU o (' ¢ 3544
FF EHRLEFEEAFT 0 P 2 WRC-19 « ¢ it #4LA Fenivr o

B W hE K A AFE AP 0 26 GHz AR § B Fhig$ o ITU &
M T AP (Radio Regulations) ® ¢ pfesi#g b iv o (7do 2 % » i@ H i B
FF = WRC-19 « ¢ BEyem Trig * ZIFER v 5 5G 2 * o

Ofcom *+ 2017 & 7 * 28 p 4 # 5G 4B~ 26GHz #f FL e > B 3539 =
202, F LT Ap A A HT P B ARE] 26GHz #FEha BOR R - Ofcom
B A 26GHz 47 £ ¢ 24.25-27.5GHz 7 & 3.25 GHz #f 535 1% 2 5G
2% o RHREH B 5N BRI B R 1GHZ R A7
TR S > TR ERER R ah 38 o Ofcom 3G EARELR AR R
e 2 E g RS N MR AR B R o

# R 26.25-27.5GHz p w7 * 3 H T AAR ~ Gk b om BTk o~ & F
Bl s F5k £ ¢ (Programme Making and Special Event, PMSE ) # 4z b
“epEdEk % (Short Range Devices, SRD) - 2 & B K ¥% (Ministry
of Defence, MoD ) =@ & * ik o 26GHz AfEC i * e it4c T W] 3-2 -

62 Ofcom (2017), 5G spectrum access at 26 GHz and update on bands above 30 GHz, available at:
https://www.ofcom.org.uk/ _data/assets/pdf file/0014/104702/5G-spectrum-access-at-26-GHz.pdf (last
visited : 2017/8/4)
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SRD - Licence Exempt
21.65 - 27.0 GHz

FIXED SERVICE MOD
24.5 — 26.5 GHz 26.5-27.5 GHz

N

2425 245 2475 25 2525 255 2675 26 2625 265 2875 27 2725 275

(GHz)

B 3-2: F @ 26GHZ S L * ki

FR %R Ofcom

FREP N 5@ 26 GHz #F £ ehB BAEE > T 26.5-27.5 GHz
#EEC > Ofcom f F ¢ ®Ars fie 26 GHz #F B chMEAE B > 24.25 - 26.5
GHzZ#Ef - R INA % @ % 26 GHz#F (5 B E * 455 > L WP % e
SRETLR O B AR R 2R M > T 265 - 27.5 GHz #EE T ¥ At
#1E 5G -

EE RArERH 0 B E4aReE 26 GHZ AP B LT * P o B
FH 24253 265 GHzAEE PN § + & 3,000 B 7 7445 o E R & F
(Harwell)¥ % 7 — & 3R 45 p| & & PR7x(earth-exploration satellite service,
EESS) e o Fjexh @ % 26GHz #f fL > & ¢ BB AR B3 T

(Recognised Spectrum Access, RSA) » e H @3 @R 70 R 575 4p 3§

e S o
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PMSE #t & fe3t 2425 & 25 GHz #g £ > & A e - A7pe |4 2L
Ao dh VAR A ip o HTIIE B i * e ns s R R * o
s o TR G S AR A A R A A#H Y E T
bldcié * TR L 1AM - T8 FE R % o 21.65-26.65 GHz 47 £
¢ L@ iEY T i (short-range radars, SRR) - B2 #X 3% 35 SRR & Hp 4L3)
% 79 GHz#gf » e d 2% 79 GHz #4F £ 2. SRR H i 3¢ foip B 7
W FPEPRAL € 4 2011 & 7 0 FF g1 AR5 82013
£ 67" 30 p4=7]2018# 1% 1p »24 GHzHAgf F L3R4 et gpvlifl
#-*3r SRR ¥+ 2018 # 1% 1p 2 w5802 % %424 GHz SRR
WH B L AR 4 F i HprAT 2022 10 1p 0k oo
Ofcom 22 21T 4B 4 4o 248 522 26 GHz A7 2 RIZE B -
T by E MR o gt 265 - 27.5 GHz #Echi ¥ £ 3]
Ofcom# ¥ it & -3 F AR TS 2Ly £ 32 > bR r o
Ofcom &+ R+ R ETHi# L T M EFFT €E-HF
AE FE B oG aw (7 Ofcom FEH B WT a0 F & 0§ afFEh
Borb oo PO IRIF R A onlicdyp T A 4ARS Y JE F - Ofcom L5 3R
BR* 235G gtV lF o

63 European Commission Implementing Decision 2011/485/EU:

http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2011:198:0071:0072:EN:PDF (last visited :

2017/11/29)
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(Z) ¥ * & g R
1~ g a2

L4+ 700 MHz #g £ > Ofcom g2+t 2019 & B 472 f# 1 iv % » &
2020 E - FER DR BERBPAOBEERABIELZL - > B PF
Ofcom » @ B 4nd i o enf 0 i 2 fodT R 78 (740 Bl 3839 5 H0

3.6 & 3.8 GHz#g Fr #1481 116 MHz 3% > Ofcom *+ 2017 # 10 *

2 Fof Ak 4 116 MHz 48 5 * ¢ (7 5 £75 » Ofcom & 4445 78

FIHEFA ORI LFA o P RIBEFRTT FE B AEE o &4 26
GHz #g & » Ofcom & fFiRda doiZ 3 L 17 5 23R M- hiR L T f 0F
Boo

2~ Fi e L iFEHER
® 32 GHz {r 40 GHz #7 £

RSPG &2 R 27 3% 32 GHz fr 40 GHz 47 &7 % 5 5G ehk i
£ CEPT iz #F LV i 5 WRC-19 + ¢ «h#= 3 gL 58 - Ofcom

» 3 ‘!p\.‘sﬂ \E'ltL“H;P‘FJ»%K 5G mlﬁ‘ ‘KF'-F)» ’ L-éf.xﬁ»#ﬁ F&é*ﬁﬁﬁi)@-%{ ﬁF*ﬁ%‘Jﬁﬂ

AL FEIE o Fpt Ofcom #-f) 1 & WRC-19 + ¢ enif i 1 19 4823547

BEDOREF T 1T IS am RF & 56 o f Hivrdiein

® 66 GHz 4 71 GHz #7 £
66-71 GHz #7 & &_WRC-19 % ¢ ¥ ¥ — B I 4T 7 Bt 56 47 £
TEHE o 57-66 GHZ AE B Ap 8 » P w0 3F § B 7@t & % #-57-66 GHz 47 <
®F L RALE R PRIE
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(z) FFHpskan g k& 56 & 23]

#RAE 7H F ¥ ¢ & British Telecommunications PLC(BT) ~ EE
Limited ~ TELEFO NICA UK Limited ~ Hutchison 3G UK L|m|ted(Three) ’

12 % Vodafone Limited » & %4 P #AF#4F5 HK fude™ & 3-20

232 HFRAFREFELRFHHHFTHRE
47 % o ) e .
B Z s fie E
T v R T
800MHz
791-796 832-837 2x5 Three
796-801 837-842 2x5 EE
801-811 842-852 2x10 VVodafone
811-821 852-862 2x10 Telefonica
900MHz
025.1-930.1 880.1-885.1 VVodafone
030.1-935.1 885.1-890.1 , Telefonica
035.1-939.7 890.1-894.7 5 VVodafone
939.7-947.3 894.7-902.3 " Telefonica
2x17.4MHz
947.3-955.1 902.3-910.1 VVodafone
955.1-959.9 910.1-914.9 Telefonica
1400MHz
1452-1472 20 VVodafone
1472-1492 20 Three

64 Ofcom(2016), Mobile Cellular Spectrum, available at:
https://www.ofcom.org.uk/ _data/assets/pdf file/0023/84470/cellular_frequency chart jan 2016.pdf (last
visited : 2017/11/29)
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1800MHz

1805.1-1810.9 1710.1-1715.9 2X5.8 Telefonica
1810.9-1816.7 1715.9-1721.7 2x5.8 Vodafone
1816.7-1831.7 1721.7-1736.7 2x15 Three
1831.7-1876.7 1736.7-1781.7 2x45 EE
1876.7-1880 1781.7-1785 2x3.3 =R
1880-1900 20 DECT % &
1900MHz
1899.9-1909.9 10 EE
1909.9-1914.9 5 Telefonica
1914.9-1920 5.1 Three
1900/2100MHz
1920.0-1920.3 0.3 Three
2110.3-2124.9 1920.3-1934.9 2x14.6 Three
2124.9-2134.9 1934.9-1944.9 2x10 Telefonica
2134.9-2149.7 1944.9-1959.7 2x14.8 Vodafone
2149.7-2169.7 1959.7-1979.7 2x20 EE
2600MHz
2570-2595 25 Vodafone
2595-2620 25 BT
2620-2640 2500-2520 2x20 Vodafone
2640-2655 2520-2535 2x15 BT
2655-2690 2535-2570 2x35 EE

74 &R Ofcom

¥R 3GHz 11+ 2 WA ik fideT 4 3-3
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% 3-3: # W 3GHZ 1 LA R
._“%:

A : EF;,%—] #2 5 MHz Agag,‘-;—%z
3.5GHz
3480-3500 3580-3600 2x20 UK Broadband
3.6GHz
3605-3689 3925-4009 2x84 UK Broadband
10GHz
10.125-10.205 10.475-10.555 2x80 MBNL
10.205-10.225 10.555-10.575 2x20 Digiweb
28GHz
27.8285-28.0525 | 28.8365-29.0605 2x224 Argiva
28.0525-28.1645 | 29.0605-29.1725 2x112 B ]
28.1925-28.3045 | 29.2005-29.3125 2x112 B ]
28.3325-28.4445 | 29.3405-29.4525 2x112 UK Broadband
32GHz
31.815-32.067 32.627-32.879 2x252 EE
32.067-32.319 32.879-33.131 2x252 MBNL
32.319-32.445 33.131-33.257 2x126 BT
32.445-32.571 33.257-33.383 2x126 MLL
40GHz
40.50-40.75 42.00-42.25 2x250 MBNL
40.75-41.00 42.25-42.50 2x250 MLL
41.00-42.00 42.50-43.50 2x1000 UK Broadband

7ok %k : Ofcom
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BREE 22 2017 # 11 * 7% » 0@ BgE s e i na 5G
TR BT BRRPRGE L EE AR RRIERT > BEE T

—n‘r’
28Gbps > # 7 F M 05 = fenp et & o PIEFH L& & *

ya 2 %

64X64MIMO 7 #5 3% X &R > 35 fie 5G AT&E R T Lk S 2 35GHZ HAE £ P

1 100MHZ #8 538 (7 ip)3% o 5% { 8- % 554 5G4 3% ¢ ¢ 3.3-3.8GHz

HE B2 K #2018 E F * it o 6

85 ComputerWeekly (2017), EE conducts UK’’s first 5G mobile network test, available at:

http://www.computerweekly.com/news/450430102/EE-conducts-UKs-first-5G-test (last visited :

2017/11/29)
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=~ 3R
() B E

¥ We=nid £ B ¢ (Federal Communications Commission, FCC)#.
5> 2014 # 10 * & D4 BGHEE eERIg v 2 0 AR 24GHz 1
FHEEIT S BG R * o EImOMEER 4 D RE FBREALGIA
PR.7% (fixed Local Multipoint Distribution Service, LMDS ) #g £ (27.5-
28.35GHz -~ 29.1-29.25GHz - 31-31.3GHz ) -~ 39GHz #f £ ( 38.6-
40GHz) -~ 37/42GHz #g £ (37.0-38.6GHz ~ 42.0-42.5GHz) -~ 60GHz #g
B (57-64GHz ~ 64-71GHz ) ~ 70/80GHz #g £ (71-76GHz ~ 81-86GHz )
v % 24GHz #f & (24.25-24.45GHz ~ 25.05-25.25GHz ) - %

FCC*t 2016 # 7 " 14 p## L hb b Bz Rz s
( Report and Order and Further Notice of Proposed Rulemaking, Report &
Order and NPRM) » 2 # % 4eigdad 5G 2 R * » B34 5 5
11GHz z. E X g B (R EAE 5 3.85GHz ~ & HBAFE M T4
7TGHz) iT 5 #1& G Rz * ik o

FCC= 2017 # 10 * 26 p # # % = i(» kM >" 5G F ¥ AHF 2 T
~ % ( Second Report and Order , Second further notice of proposed
rulemarking, order on reconsideration, and memorandum opinion and
order) - % i»3F2 1 & 444 24GHz 7+ F K AHAE R Y 3t BG R 2
BRI E T o

%7 E S B o FCC 4 2 2017 & 7 1 4 % 5G * R B &
@hes v E R A H e 3.7GHz 1 24GHz #3 F iR+t 5G B2 4p

® FCC (2014),Use of spectrum Bands above 24GHz for Mobile radio services, available at :
https://apps.fcc.gov/edocs public/attachmatch/FCC-14-154A1.pdf (last visited :2017/6/14)
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B2 HP mg i B33 SGHz £ mid * 2 fphi k4L > P o
5GHz B *x#g & ﬁpw ¥l = 5150-5925MHz > # ¢ 5150-5250MHz ~ 5725-

“.'L"A\"\

5825MHz #-F 2<% LTE 2 WIi-Fi % 8 * o

FCC 7~ B #x 7 35GHz - & 3.5GHz #f £ B g jpa &l 3550-
3700MHz & = % %4 & s PR7%(Citizen Broadband Radio Service, CBRS)
B O AFHEENFHFEZBAAELIHEFTRELFITRY FIRIER
* o P AATHkB T CBRS ¢ i LB m (PAL) HER % -
F LIS JBAIR DB L o B4 ¥ 35GHZ 4 E T BG R FE 2
5 -
¥ ¢b s FCC»t 2017 & 3 7 % & 600MHz #f £ 0234 Fldp & = SN 41
Bodd BABEF orHF G 2 600MHz #E3¥ Tk o 304 vk 30 3
PFRG gt FRA R EARRY o d WM BG A S FEN
35GHZz 112 { AT K pAFE > ¥ 4L L ¥ % 30 F 12 5G 1 1GHz 11 T
MAF > F]P FCC 3% o 600MHz shis#g podd it » s & 17 5 & R FAF
FiEz % 5 LEGHEEF T A B AH O

(=) MR
1~ 2016 & % — = 5G ¥ 3 453 F R3]
FCC*t 2016 # 7 ® 3% 2 4p 2 &2 & £ 222 372 ¥ % (Report &
Order and NPRM) ¢ » 23| 7 g * >> 5G e & 2 R BHAR BT L/ R

87 FCC (2017), A groundbreaking auction to realign use of the publice’s airwaves, available at :

https://www.fcc.gov/about-fcc/fec-initiatives/incentive-auctions (last visited : 2017/6/16)

116


https://www.fcc.gov/about-fcc/fcc-initiatives/incentive-auctions

BEE o H P HEApE e 28GHz #f L (27.5~28.35GHz ) ~ 37GHz
#g g (37~38.6GHz) % 39GHz #7 £ (38.6~40GHz)

¥ FCCatpt =t o2 ¢ 5 7r B3 64-TIGHZ #AF £ 7 £ B~27 H 4p 38
4FE (57-64GHz) Apfr cnd = 5% (5 &% 1538 (Part 15) 434 P8
%)’ﬁﬁﬁﬁﬁﬁﬁwﬁﬁ%%%’ﬁ—%ﬁ%?ﬁﬁg%ﬁﬁﬁ
B WIFT @ % o blde @ a5 7 2 Gbits ¥ s ehjg s v

( Wireless Gigabit Alliance, WiGig) # * -

EHITEE ¢ - HIFEFEY 24GHz #p B (24.25-24.45GHz ;
24.75-25.25GHz ) -~ 32GHz #g &= (31.8-33GHz ) -~ 42GHz #f &= (42-
425GHz ) ~ 47GHz #g B ( 47.2-50.2GHz ) -~ 50GHz #f £ ( 50.4-
52.6GHz) % 70/80GHz #5 £ (71-76GHz ~ 81-86GHz) 1 % 7 B 47
PRAFERY 2 2 FF AR - ¥ ohy RPFERHLT R B
BNy * o 37-37.6GHz #F B £ 3 > RAApC R H i Y SR

2~ 2017 & % = =% 5G T F AHE T RARS!

FCC »t 2017 & 11 * 41 % - =& 5CG £ K AAFH T ARE > &4
24GHz 1 v E F pAF B R B4 5 L700MHz 2. 45 3 5k > § )
g @ 45 ¢ 24GHz ( 24.25-24.45GHz ; 24.75-25.25GHz ) ™ %2 47.2-
482GHz - FpF > FCC » #F ¥ 3F 3 2 6 v 5 56 ﬂfﬁé%f?;‘b%zi
TN AR 0 F Z IR 43 3 13GHz e E F AR F R o

8 FCC (2016), Use of spectrum Bands above 24GHz for Mobile radio services: Report and Order and
Further notice of proposed rulemaking, available at: https://apps.fcc.gov/edocs_public/attachmatch/FCC-
16-89A1.pdf (last visited: 2017/6/14)

8 FCC (2017), Use of spectrum Bands above 24GHz for Mobile radio services: Second Report and Order,
Second Futher Notice of Proposed Rulemaking, Order on Reconsideration, and Memorandum Opimion and
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LR FCC » HFEFAARTEE A ﬁt%m&fr% Hoits Eixie
FEE2ZARM AR 0 ¢ FHFE - Aol R * - FCC R &
P om B E TN FE PRI (FSS) i@ * &0 40-42GHz ¥ 48.2-50.2GHz »
o P53 % 28GHZz 2 39GHZz 2 3 3k % 4 445 > s fiFk i@ % { B3R
"f P2t FCC » ML RART S BIALHIN & @wmz»i z_ T0GHz ~
80GHz » r1 3 12 g3 B> N ¥ 3048 F i PR FRe0 57-7T1GHz &t & R *

+ 5G #E 3 o

3~ 2017 # 5G ® AP EARH T RD i Ao

FCC >t 2016 # 22 2017 & & w44+ 5G & o 47 3% T ihie 7 04|22
SEH 455 0 200 BG P ARG 0 R 2017 & 70 FE R Bl o K
I E R HGa Y Y 3.7GHz 1 24GHZ #7 3% 7kt 5G 2 40 M 5

21,70
=

GESCER 34 SSEy £
W 3.7-4.2GHz;

B 5.925-6.425GHz ;
B 6.425-7.125GHz -

P BHEC REZRAP HRFAE TN PEAR A

B OSSR FFIRAR Y b o b pF 0 FCC 4 2 Ryt d u o Speipp
LT K2 B W SR Y K E R 2 LA

Order, available at: http://transition.fcc.gov/Daily Releases/Daily Business/2017/db1122/FCC-17-
152A1.pdff (last visited: 2017/11/27)

0 FCC (2017), Exploring Flexible use in mid-band spectrum between 3.7GHz and 24GHz: Notice of
Inquiry, available at: https://apps.fcc.gov/edocs_public/attachmatch/DOC-345789A1.pdf (last visited:
2017/11/14)
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B K O F AR LT T R WL RSO R
ZAPMEE > S IR BT L FEA
FCC i e 37GHz & 24CGHz 2. B3 3 S M TR 5 £ 3483 >

v

Fla B P 35 IHFT R BANE R EGRR Y > LA FE R H

—\

1.

\
4

LEINFHEER Ei o d WA HEHI PRI EFT AL
( National Telecommunications and Information Administration, NTIA )
FIL o 2 FCC & NTIA F*7 £ 1% » =0 B0 % ki & 3 4@
T MM s S A B F g M RAE

4~ 2017 & i3 37 CBRS #4° » MGEZZARET * 0 5G gt # &

FCC »* 2017 & 10 * 24 p =4 CBRS 4 i 3 % (Notice of
proposed rulemaking and order terminating petitions) > 4-% & L %%
CBRS ¢ iELimH g (PAL) z’v’ﬂzﬁﬁﬁfﬁdg‘%@ﬁf ,%,,i{;gu RGeS
FR 3% F 18 * 3550-3700MHz #7 £ # 1 5G e

A~=x CBRS i3 %ﬁgﬁép\ Ko F T B

B (L ReE T d RAHBEII£2c5 10 £

B OHERERRF d RATTHRREBISHARE AT RNERE

¢

B OHRFIERSE D BE VRS EEFRS POREI L

i ‘% Wi ¢

"L FCC (2017), Notice of proposed rulemarking and order terminating petitions: Promoting investment in
the 3550-3700MHz Band, available at:

http://transition.fcc.gov/Daily Releases/Daily Business/2017/db1024/FCC-17-134A1.pdf (last

visited :2017/11/14)
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FCCin i CBRS i * ¢ 3550-3700MHz #f . » it 4F % 5G e eh e
BhpCHEE o L AR RE M 5G 3 B s e i Bt FCC Y
AP MM B2 AL TGE 5G R B AT T BB GE G ki
BRI FIRIE AN X AR R T AR R SR R

LN

(=) Mgk * & 3 HIAT

N

FCC B.% *° 2014 £ 4+ 5G 4 fuit RiT R ¥ & 24 P shpig
& 5G FEAFE > AN BRAIR ~ FEFRIAAMEERELEFH
%o 20 15 FCC » #4403 TR > & FIRD % 1 2 H05 B A
Foo PR E s o 0T e FCC Sl S v

AL 17447 2 3 -

1+ 2016 & % - % 5G#7 £ (34 B4 £ 28GHz ~ 39GHZ 2 37GHZ ; #

H A £ 57-T1GHz) ™

(1) FTH BRI R 22 =

FCC A& 4 ATIRARE 2 Ap MR » MIF v dpEce £ FCC %=
445 0 6)40 LMDS ¥ 73 39GHz 4 £% 7| FCC % 4% % 101
F¢ 3 MBS MR RF o FCC A2 2 3R AT M hF 410

fo 0 B MR SRR * pRI: (Upper Microwave Flexible Use Service) -

2 FCC (2014),Use of spectrum Bands above 24GHz for Mobile radio services, available at :
https://apps.fcc.gov/edocs_public/attachmatch/FCC-14-154A1.pdf (last visited :2017/6/14)

8 FCC (2016), Use of spectrum Bands above 24GHz for Mobile radio services: Report and Order and
Further notice of proposed rulemaking, available at: https://apps.fcc.gov/edocs_public/attachmatch/FCC-
16-89A1.pdf (last visited: 2017/6/14)
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AR FTRARA R 2 S 5 FCC #LAE % 30 § - % 39GHz
BB PR R WARR Y F 0 3TGHZ AR > A ke AR 2t -
FIARF 2P o Tt o FAR A EE R Y R M- ¢ F5 28GHz »
37GHz ¥ 39GHz #g £« -

FCC At ini » ¥t Z % F B GFH 5 b - £70 (34K
AR Y RIE) > T uE - BRP SR E FIR 0 FH R
PR AIRIFEY > HRAREF R LGP D L a F BREOAF -

(2) B #IH* &

$#37 LMDS % o 4k i » FCC 3 5 LMDS ¥ ¥ it i # %
R ol AR (common carrier ) FRF* ~ 2L & I AR (non common carrier)
JRA% 2N o PRIR ik gt 3 fAPRFE o F]pt o FCC v3F LMDS % f R e
RRBORFRELEY > ERFFERL R ESFRLIRES 220 R
EPRFE o

FCC #1204 5 39GHz #i £ e ¥ B3 Ap v end $LR B > ~3F
39CGHz A& A n EF LTS EPLERBEH > TS5 B
%%%?A°#%§£ﬁ%%ﬁAﬁ%ﬁ%%?mﬁ’ﬁ%?ﬁ%%
FAT AAs Y AR T R A L% A FCC i iR
BoehiE R EET ﬁ+“ﬂmﬁo&wﬁ%§#ﬁ1’ﬁ%ﬁjA¢
BARHEF R EFH TR DEIORE -

FCC 3|4 B 5% ~ BB cniL g 245 i v 0 3 4 e SE1E
i# * JRji* (Upper Microwave Flexible Use Service, UMFUS) - FCC
BlRRFRRAE 2 Y e RREG AR Y e S R R R IRISR
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P e BRI B~ B r N IR RIS 0 A E PRI e B
PRARPN F o M ARIRIRA S L - R o

B> FCC gt fa B ~ s cng Rk -7 s * 20 % 28GHz ~
39GHz # 37GHz #f £t - UMFUS shdt pe £ % » il 5 f & £ 1
friRar g R EFTLLFIRE  F S AP EEF AR RTE
PE o ARFEFABL L

(3) *FF PG LA
#2018 * 28GHz ~ 39GHz % 37GHz #f £ 4% = UMFUS JR 7% i3 /B
FE B FRGEUNE - B RPERBELR 0 P RAF
H

LR A ERERER S B ST Y IR R o Y

4) ¢ FF
FCC ¥t*tzxi¢ * 28GHz ~ 39GHz 2 37GHz #f £ 3% # UMFUS PR+
ALY R R LU A MR B 2 bR
| R R R R AIRTIOH A TR g ek

* o

(5) B¢ * gl

FCC $>tzx i # 28GHz ~ 39GHz 2 37GHz #f & #% = UMFUS PR G%
ZHBRYYIL KL E CFCC i WP L DB R Y YT
B G L G RS PP A 4 AMRTE R Ukt



AT L B R BB AT o B AR AR P Y UE L E 2
FCC rswsZsffl e A R » P UERE 7Y FH® > Z AR
FAREE R ERFER T RS .

(6) #PE ¥ 1T i

4§35 28GHz &P w G LMDS %F £¥ i * - ¢ 1097 &
FCC % LMDS %2 f{BH L H3d 45 % UL H 7 je R B 314
0 F]p FCC % UMFUS JR7% 18 * 28GHZ 4FHpf » SLjede ® 1130 5
e B LT 5 3 UMFUS & * 39GHz 2 37GHz 45 £ p¥ » 48

IR E B P S IR 5% % (Partial Econonmic Area, PEA) -

(7) WG R AP

AT R G IRIAE 2 % & F1F 0 2 0 d 2 5G 9t B A
TH P ARTG AV EZSE PR EREFEUC IR Flpt & 4
FCC ¥ A= B #32af g L » FERDIER# I3 e g4l @ o

T RE F AR MR G R R R 2 AR MR
1AM A0 n L E 3 5 o blde Verizon & 445 27 f cngs *ﬁ
WEU o35 FCC ez & E ¥ itsy g i@ * ik~ X 3 r
EEE KA HE TR RS B L 5G IR 2 o

ATET — Bdps R4 F RE IR A iFdd R
PRAFTEES > 0 § & PHIHEORE RE Y o XA o {5 ATE&T A1
e P s o P LA EHE T R 1,250MHz G A 0 de gk
AR T R IF D o AT&T 325 8§42 2 ¥ MpgF 28CGHz 4 £ 1
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A RFABEF LG A25MHZ AT TR 0 A AR B x £ 5G Earen
EEMEE o
¥ - j4ids £ 4 T-Mobile I #5325 FCC 3% 4 % 4 A B4k B

g U g > T-Mobile 23R B F F UAFE G FPURRZ 2 A

\H

Zo— 0 BEHEFAIERITF PRI L2 o
s » FCC* 2016 # 7 * 132 &2 ¢» £ (Report & Order) # » /&

#¥3 P4 1,250MHz 2 4] > 3% 1,250MHz P i i # 3000 - 2 4
;

LR FATHH T AR UL H R 0 # 28GHz ~ 37GHz 2 39GHz 45~

3

PR BRI T R Lo

2016 & 7 7 chdR 2 22 4 45 T 3 $T 28GHZ ~ 37GHz 2 39GHz
2 HAIRFE o TR R %Y (NPRM) 31#3% 5 47 (Mg £ e
p oAb H Rk iR~ AT B SRRk FE ML ¢ 45 1 24GHz #F
£ ( 24.25-24.45GHz % 24.74-2525GHz ) -~ 32GHz #f £ ( 31.8-
334GHz ) ~ 42GHz #f g ( 42-425GHz ) ~ 47GHz #F & ( 47.2-
50.2GHz ) -~ 50GHz #g £ ( 50.4-52.6GHz ) ~ 70/80GHz #f £ ( 71-
76GHz ¥7 81-86GHz) % 4z iF 95GHz #F £ -

FCCerz 372X % ¢ » 3% 1 28GHz ~ 37GHz 5 39GHz 4 £ ¢
Fp PR > FCC RpIdr PRV 5 =2 # > = B S 8H
TR EENZ P H R FCC & & R E R et - 4 ER
PUURFEZ Lo Vb HONATH DI R L E 0 » FCC HZ B E
KA BRI B *Fu%% ' FCC - # & fo B L3534
? oFCC A Rp R PHRAFFIHGENFRY S AFIBEHTH kG L
R E kW E A LR SR  FCC RAIFFHF T R EH=
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B2- 1 A FCC 4 il Mt s B4 o F LF
@RI RGP 2 40 MR A % FCC 2L £ 8 -

(8) I PRE (T4

P ARFRER Y RS BRI AT RN R IR
FR R T RBAIRTIRIEE S A PRIE R B 0 FCC 2 2 ITRE 0 A
FE2prar g DI ERE > ERRE G A e 2 R EIRE

FCC & $ 24GHz ~ LMDS 11 2 39GHZz 4F B2 S B 455 4 & F @
TGP E - AHBYRFREERANIRBGET > 2V EIERFE -

Fefk FCC $i8 MraF enir @ dpth > ¢ HEIREE F & S PFALE o
bldr FCC 35 » PRIMEEF L A AT QA B EL PN A vinE 5 40% >
PR R e Ft > FCC44e @ * 28GHz ~ 37GHz 2 39GHz 47

FordU RS 4 0 RGNS E S RERB RS A T imEE 40% o

(9) iF 1v 3 b Hjp

FCC . Txa%t | 54 180 A pAp X - B 3

ﬁo@%ﬁ%—ﬁﬁ%ﬂW%i@ﬁ—ﬁﬁ’1§§ﬂ&rkiﬁiJ
AL FERE K G LR R EET

& * 28GHz ~ 37GHz 2 39CGHz #F £ e FR4F 7 A 4ok ok H PRF%
P B 10 p p A FCC o 4 T R B sl Y o

(10)= &2 3 2145
FCC +4 & = } g cngdd > ju3F 28GHz ~ 37GHz 2 39GHz #7 £«
FARFOMEER IR R R AR c BRI AT RS L
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BHPRIFF A o FCC cid S ppiFde AT * 22 F > gﬁ*ﬁﬁ?‘;s}a‘% PR
LREITT HF R 2 B4 TR ﬁti?"ﬁﬁ?‘mﬁﬁg FEikiy » 4 7
Se B PRART i AR B R B B B o

GRS AR AL 0 FCC o3 28GHz ~ 39GHz #73#4% 5 A av AR
HBAFHF TR o b PFs u3F 37GHz AR FL 2 AR 4F 7 A i 0B EH R % B
SHE A MARRAH TR o BB BT RUBAF R * ok
S RIFTIR AR e s R B i @ AE o PRk B MIRFFE K F D
PR T R S R R BOE R DM 6 0 T e K
che A

L

iy

£

o

(11) 31 42 5

$4>+ 28GHz ~ 37GHz 2 39GHz #f 3% 7 ik » FCC 23|15 B4 4p &
2 5§13 Jdp B AR B o

FCCiradkfiazrp » MM g & & FCC prain | 3% H ~ w4
PEEFAD CBORE AL T Fen g £ 6T 2Tk B
1n M FRAE o Flpt » FCC »t 39GHz #f £ chiitff 0] ¢ > Hrul3m 2dp 2 &
EAPMAE AR BEFN G FEREFHRBOPE - BiEE R
PR FCC T = & Ti55 & ¢ ic A E 5500 8 % ~ehEf 5
TAEE > Tk E YA 2000  F A Ll A EE o 2

>

AR AEY e P LA EF T EE 15%:ik
&
f
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(12)F4 Fe 17 07 50
4-4f 28GHz ~ 37GHz 2 39GHz #f £ » FCC 73+ 4 f 2 AR 4]~
= ;\.&r"f :

® 28GHz: 17 425MHz 5 4B H 8 = > g3 314 3 BaERfRE
S % X8 850MHz ;

® 37GHz: 17 200MHz % A BIFH H = > 5414 7 BAEEe
< %, 22444 1,000MHz -

® 39GHz: 2 200MHz &5 L R H H = > 344 - BHAEE AL R
< % 5 22049 1 400MHz -

(13)% 224

FCC & :uiri|p % > § £ 5G g B¢ chE B> FFEK FCC
PRIt o fan e s R AENE RS TL L 2
PR AL ° G PR T it E h% 2APMRAL 0 fAERR A R Bk
%% FCC #-¢ MR iht cn% 2 M F B 2 38 > /ElR
BARIE R gt 3T RE > W X D4R B GRAE

(14) iR 4

i >t 28GHz ~ 39GHz #2 37GHz #g £ v UMFUS PR5%:&E iTpF » FCC
’:‘;{ *‘i]’fﬁ!ﬁ *v/:‘%l 'ﬁ:ﬁt’:‘ %_‘g&,@}ﬁ%;& s Ki‘lﬁ;J F;?‘E'Tm’* N J—;}Ef/ﬁ.;ﬁgﬁ?
FR 3 R R 0 BT
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A. B3 HF

FCC 4 4t A &k 5G #p &34~ > &+ &4 1 (Frequency-
Division Duplex, FDD ) g 4 pF g1 ( Time-Division Duplex, TDD ) # i+
ARERILRL F I BRI LER 56 A A ik TDD #if
F ot FCC Y E% Wk~ MBI EFTF - s "W

TDD & FDD @ 3r ¥4 4% & 67 il g1 Hjiv o

B. @y %4

® ¥ g By 54

FCC 5. 5% » ¥ % 4| % 2 4= » {4 28GHz ~ 37GHz &7 39GHz 2. A
£ @455 541 5 & 100MHz i 1620 1 (62 dBM/100MHz) - k@ 37
PR AIEREH L RS S R G EE TR R
R Ap oo Flt FCC Ao ¥ i A 4 2 By 5415 75
dBM/L00MHz » 4% § #f % % i 100MHz » R4 BB S b > o

® 7f L B F L
FCC | % 8 TL4LRI ¥ » 4L4] 28GHz ~ 37GHz & 39GHz 2 (= 4
B# 345 201 (43dBm) o R w A RIER L - U &

FCC #o3 -4t (7 8 4 @ 97 5 *Uf1 4% 43dBm -

® Ths Ak BT 3L
FCC #*+ 28GHz ~ 37GHz £ 39GHz 2 7 4 3% fh - i fiy = 5 141 »
i AF T 430BM - A G %S e ok RIDERT S A @
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G U] 4% 43dBm I 62dBm 2 B 5 FCC e k20 7 38 5 A
® by 7 % *LH) 5 550Bm -

C. k¥ M7 ke + ke

Fiwh ¥ 75‘ 4c EchoStar ~ Inmarsat ~ Intelsat ~ O3b limited -
OneWeb ~ SES Americom ¥# ViaSat % £ FCC &% UMFUS % 2. % &
e & 1,000 3 22 5 165 dBm/ MHz - 7 i » FCC3n 2 3R
Febd & "4 UMFUS 2L b B & o5 5+ 382 3 &

D. & ¢hg s 5P

® T 3 it F 4] (Conductive Emission Limits)

FCC » iR X 24l REAREF L 2 F M ogd o5 5
(Out-of-band emissions, OOBE ) '] » wHf F PR * R P E =
MHz % > 43+10 log 10(P) (P % @;gig];é &) o

TR TR - RUETAFEJTAAMAZT BRI AL 0 FCC &
T %t OOBE z. # p|# 2> 45 &7 % ( Total Radiated Power, TRP) 3
13dBm/ MHz -

E. F#iFEE D
SELAEH G AT APHT B2 T FCC W E % ¢ BN 2
BRI Foo AT Z R R R

® T3 RE*I4 5 47dBuV/im ;
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® OAETiEkz i E %A (Power flux density, PFD) 24
% -86dBm/m?*/MHz ;

BERE s 1 S T

SESAENT M A Hh 0 SRAR L2 R g a8 i FCO
LAY SN
® T H-w &4l 5 47dBuVim ;

® LA 15 o R TERZ P FUE

|k
o
W
Pl
2
g <

77.6dBm/m?/MHz -

(15) & 34 PR AR 3 i@

FCC *k3d3h ¥ bl AT 1 > 2016 & % - =t 5G K& ¥
P2 64-7TIGHZ #E B 5 A BAF R * > A BAFH X FCC
FOREE 15 N2 A fF o WURE T s 5 R AR B PR o F e
2013 # $# 412 57-64GHz 45 £ > FCC . 8 11 14GHz 4 % (57-71GHz

BE) LB FFT RELSGE loT & * o

2+ 2017 & % = % 5G#F & (L BHME 24GHz 2 4TGHz 3 # 34 PR AF £
57-71GHz)
(1) 24GHz #5 & (24.25-24.45GHz ~ 24.75-27.25GHz)
A HEE LR
FCC* 2017 # 10 " % # ¢h2 2 ¢ > 4] 24GHz # & 5G # £
H ¢ 2425-2445GHz % 24GHz :hid | H. » 24.75-27.25GHz % & F . -
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PR 24.45-2475GHz B v d MEEfELR ARG Y o A | j\:’(ﬁ?”&i%
Eﬁ o 14

MEHRTEF &Y AP F DR LN BIIRIBEE > F 7

(24.75-27.25GHz) =3 ¢ * T?f 5 ZEEH IR D 25N kPRI #%

R 5 IR E K RIBEG & 7 25.05-25.25GHz ik 4 sushks (feeder
link) enig * 4 -

FCC % 24GHz # 2k 2-4 176 B 5s % R BIRH T » 2004 #
FCC # % :}ﬂ% 880 % 24CGHz #pfH 3o > e N3 “kFARE D > P B
T IR L R P o 3 2475-2525GHz i * kw s pow w5k
FhE PRI R IR £ o Reap @ * > v %Rk EI5d DIRECTV
NP

'\\

B. #-78 T i3 24CGHz A < 3 & £ 5%

d 3> 2AGHZ AF BB LT A A i (7ol & E£45@ * > Fpt 2016 &
FCC &7 % — = 5G #FE 24| » T 244 ¥ 24GHZ o * *+ 7 Lk

TR oFCCRRAy - MEEFR W FF 72 2 H TR
Sl - RiEFEE G R * gl o F] > FCC *ﬂ%l]% 24GHz < * 2016
£ % - = SGHFEARAIFE 2 UMFUS ¥+ B 2 T d frF T
B MPRFER o7

"4 FCC (2017), Use of spectrum Bands above 24GHz for Mobile radio services: Second Report and Order,
Second Futher Notice of Proposed Rulemaking, Order on Reconsideration, and Memorandum Opimion and
Order, para 14, available at: http://transition.fcc.gov/Daily_Releases/Daily Business/2017/db1122/FCC-
17-152A1.pdf (last visited: 2017/11/24)

s 1d, para 18.
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2016 # 7 i fFeha MR ¢ oo v R R LY 24GHZ #p R R * T
ARl B ERBIOH L 6 LIFLAR 0 FRE PR 2016 & FCC
B A en 28GHZ (T ARIT 0 2 AR MOIE o T 0 FCC ATk d &

Frin 24.25-24 A5GHz A g2 24.75-25.25GHz ch& 4 & E 5% o

C.24GHZ B4 B2 4 BB+ 5 15 4] A

B>t 34 BB PR 3R AL 0 FCC $3Y 24GHz #f £ #-35 B~ 2 28GHz
B9GHZ #f - Renpis M E* 2R HF BB > HRF T L 2H{BFRE

TN EFEIRIE S FESNRBERPERES IR F R
LARFEY BANBREY > RABEEF T RTH TR LAREE
BBE > 4o i 24GHZ #EEC3T 5G B2 i B o 24GHZ 4F B2 34 PR ¢
T 4 P B~ 37/39GHZ #F B Ap e ek > S (PEA) B 2%
LA S AT ¥ AT i UMFUS e 8 418 - K o

D. 24GHz #f &3] 4 = 3
24GHz £ 5% g gL > 38 5 2 2 T 5k 2x40MHz ch=t 33 35 4 .
FCC *t 2016 #3217 2 BRI PF » 305 2L $V s eh VB 7 &
7o F R - R BN (24.25-24.45GHz ) # - 3 200MHz izt
S EUIEH B B (24.75-25.25GHz ) #k = 38 250MHz 2t 455 4E
B o F P w R OLRIGRG B RHIE Bz BRS04
n) 4] 4 5 200MHz ~ 200MHz %2 100MHz » 3% & i fn s 3 B ¢ ik

76 28GHz SHEZAITR LIRS Ry BT YRR bek - #ERy )N - ERRN RS B R R 2 -
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FEEIE 1 100MHZ % B AR hR & > F1 1 100MHZ % B % |
T Lt EERRAET Lo

FCC =i fs » LT B MR IINP> - 58 200MHz R ~ 3 % B
- 5% 100MHz {rs 3% 200MHz o B g~ = 58 o 3 R R B RS 5 ¢
24.75-24.85GHz ~ 24.85-25.05GHz 17 3 25.05-25.25GHz + = &3 e - 77

(2) 47GHz #f £ (47.2-48.2GHz)

A IEE @ * g (d £ ik

FCC*t 2017 & 10 " % # the i ¢ » 4TGHZ4FE % ¥ — 1 5G
AR P WAL R AR L TR o H LR R o
FCC -4 i% 47.2-48.2GHz #F £ - & SURGE @ * > P 3 M L5 A A e
MH @m0 78

Fefo ATGHzZ #FfHc 1 & 5 B RSN GFE JRIFR ¥ - ¥ 40 € & * 3|30
(> 4TGHZ #F £ » Flp* FCC 313 47.2-48.2GHz 4 £ 3 * > UMFUS %
WP RFEEES oA G EIRR Y R

B.4TGHzZ #{ e R I R R LR B | 4

2016 & FCC it {7 47GHz M &R 2 2 % LA » THRLIH
Be Ly B2 REHREE B IEE S LA S S RH e 37/390GHz
WEEAR I 2 30 SR B (PEA) -

T ECC (2017), Use of spectrum Bands above 24GHz for Mobile radio services: Second Report and Order,
Second Futher Notice of Proposed Rulemaking, Order on Reconsideration, and Memorandum Opimion and
Order, para 33, available at: http://transition.fcc.gov/Daily_Releases/Daily Business/2017/db1122/FCC-
17-152A1.pdf (last visited: 2017/11/24)

81d, para 42.

133


http://transition.fcc.gov/Daily_Releases/Daily_Business/2017/db1122/FCC-17-152A1.pdf
http://transition.fcc.gov/Daily_Releases/Daily_Business/2017/db1122/FCC-17-152A1.pdf

¥ 5w i LAl FCCH PEA K I RB 44 3 4 > n it 48

BARAE R T E o ¥ by 75 v R LR FCC

MgER A0 PEA $14 3 SRR 2 R o FCCAp i 0t B4 3 545

BAY RURAR 3R P T R PRAR ch W aEan g o

C.47GHz # g B F) ~ & 3¢

FCC # 53468 B 47GHz #5 6 (47.2-50.2GHz) 414 4 = 3
S00MHZz #{ @ > 3% 5 w2 Lins BV ETRBRY - 5w
i RL:Ri R 200MHz i 3 B E = > Nokia E]'J;E?EV 2 5k 500MHz
FR R

d A NAEER L 47.2-482GHz » FCC & ¥ AT 82 B A &
7 % 200MHz 4P - FCC 4p 3 0t — 2 oV BRBETF L 7 Lh
SRR R Rk R ﬁx:}}%@@l » Tqad L FAAIRTIR Y PRAFE R o

3% 48.2-50.2GHz #5f< > o » FCC i i %4 B 1™ 5 ik £
B AEE 0 FIP T A LF BB EIRB oI R E AR A IRIFE
Hra s 56 eEL 2 LB o

(3) UMFUS $t BBt 3 & 5 % © 38 (v o B Bl
FCC * 2017 & 10 * 2% ¥ = = 5G &A% # » %7 34

24GHz 2 4TGHz #F £ §8 1140 B RAL ¢ - 423K % 5G F 5 M £ i35
UMFUS $F6 8 /% - & B £ UMFUS % 2 18 15 25 8 14, 17 3% 41

134



BrERe ARTEAD SPFHMPEILATEY AP EBRRERR
UREE N o I
d Rk BGPRFR EMEFrHMERY > R FHERY VN TFE

WIRAERE L RS 0 BlAcdl P PR E M IR RE g1 B
FhRRERT  RELARTIRBEERRS L] o Flpt FCC B o R4
UMHB%%%?&%%ﬁ%@%ﬁ%ﬁm%ﬁ%Wﬁ%ﬁﬁﬁﬁﬁi

PlAp e T s me E f S 2 W AR EEF hPR
FCC fuivilam s f #w Hr e R AT TR R A

B o Flpte o BRI MR E I FARIRIET P 25%0F i

B S HE B EFCCh e R A2 GBI T @

(4) 70/80GHzZ #f £

FCC*: 2016 & 10 * &% % — =t SGHEE AL 2 2 ¢ » 4y
70/80GHz #f £ (71-76GHz ~ 81-86GHz) =h4iljt = ;% o FCC % pik o)
BT R EIE > B - AL A Ewih % 5G T K B hB MR
S * PR3 (UMFUS) » ¥ ¢ — fap| £ * &7 35GHz # B 48 I e
B 2 REH R ARG (CBRS) » MB iR R 2 U e 2 2
MR B K o

W F R 3tk 2017 & 11 % % = = SGAE AR 1A R ARz
3B 0 %13 70/80GHz 4 FFF £ FCC 7 % J #-2 5 » UMFUS 4 32 %
Rl2. ¥ o FCC € FF BRI MITHE ~ BT F A nF 2 knm 2
FRIrATFERRE 3 ENMREDTE L AT L TR -

9 1d, para 99.
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§oob > 2016 4 § - A2 2 ¢ 2t B F $ 70/80GHZ 47 £ 3

TR R OAHER T 2 e R R AR F R > L4 F R

A& A R ER @@l e T R - A P A o B ¢ 50/60GHz #E £

<
')1

)

PR AHE > 2% TO/B0GHZ #Fi2. % F A& KBSt % F @

]

2 50/60GHz #g B pic® » 4™ B 3-3 ¢
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F13-30 % F AL % F fod kR B

TR kiR FCC

la 2017 & 11 7 % - = 5G#F & I sc £ > FCC % £ 7| A 5G

BIFTIRIFE R * F R 2 Fa K P> N2 RIBEYELSBREP
70/80GHz & * A fAPBR A M TG & XA 2 T Y
70/80GHz & 4; v 4. BT P & * o
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3~ 2017 & 5G ¥ #pE 2. T kAt H (M E 3.7-24GHz)

# W 3.7GHz 3| 24GHz #gE P 5 3% 5 2 B ¥33 @ * » ¢ FEFH S
Fmh PRI+ R T Fh PRi+# * (Broadcasting-Satellite Service, BSS) -
Be b G IR ISR R P S S PR T E Y i o 5 8-
% 3.7-24GHz #p f2_ & * o w > FCCHeARAp M AR B2 18 * R iy o

(1) 3.7-4.2GHz ¥ 5.925-6.425MHz

% 3.7-42GHz #5531 & ¢ * *tF 2Nk JRIF 0T (745 (JE
T Ire 4 ) @ 5.925-6.425MHz Rl 3 2N L PRI 7
g (P BT AT F) @ ZHEWLT FaR ok ki d
48 B > ERBPMHF 4700 BLP 23 G osb o BT LR 24
BHEAEE  EHFL- B 7 BEIRT L 0 @ %A H S 36MHz -

"%f T T h PRARCE o s b E T ¥ 5% (terestrial fixed service, FS)
i 37-42GHzAE B o @ * S VR 20MHz SRR EE O & i‘ X
FE £ FH R A AR R Y o B R N UL AR R R 8
Tiei k> 1988 £ pF i 5 X 39,000 § R4 pR > w2 20 # FaF T %
% 2017 4 pF g 4 119 3E 44

g3 FCC 7 f2in G % 8 MWk £ ¥k d g r 37
A2GHZ #fF 5 A & & # 41f > Tt FCCH ¢ Fa 2 R 2> 1 3

MRS LG ERE R DV o bRy AT URES £ A R
BEAREGIRBATE > TR EPNEE B Eir2 TR

1% 5.925-6.425MHz #f B & & fr b bR ik e FSS 112 FS
g% o P X 1535 BT AR ZIEKE B R
5.925-6.425GHz 4 < Fr tx Z_FSenE B @ * #p B > FSH B ¥ "'z LEE- 3
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BLA B 4aEE > @ * 120MHz = H S HE R o 95 FCC FARE > p o
% 27,000 3634 BB ¢ * FRAF ELAT BLYFELT 2 F i o

FCC 2524 2 R4t @ M EAT # * 5.925-6.425GHz #5F 2 7 L > 3%
#E B P sz;sﬁ:}ﬁ TE AR R RF M s #E % (Unlicensed National
Information Infrastructure,U-NIl) ¥ 332 453 F /R o U-NIIJEE P = ik 4L
H P & @ * 515-535GHz v 5.47-5.725GHz » I pE % FCC 43 %
wAde (% 15% ) §72-2013 # FCC & K2 U-NIl % % & * 5.35-
547GHz 2 5.85-5.925GHz #7 £ 2. o> %3538 > 7 3 NTIA 325 5.35-
547GHz p wo iy £ 7 38 U-NII 3K A 295 B0 G Siu R @ % 2 345 %
gt b > FCC » #t 2016 # 3% U-NII & # *t 5.85-5.925GHz {= DSRC %
BEE IV Ao

o TAR AR BT AT AR Y T L RO GH 2 e AR 0 Tl
FCC % % j # 5.925-6.425GHz #F £ 5 » U-NII 456 » # 74 £ 18 0 £
EoANBaATAER Y o

pa FCC & A 2#F Xz L2%% » 2% FCC £ F Michael
O’Rielly *+ 2017 & 10 * 14 p g e &3> AT 9%3 » B L EL’K?F
F 3.7-42GHzAFE ¥ 5Gm T A €& FEFF I v REL LR EFRA
%ﬁ&zﬁ%@ﬁ$WEUEiﬁw@%ﬁ@§o%%&?%%i%
FRvhd ooy &% Fenk 2 484] > S J5d W22 @ % o ER
BV BRFRERRY o By 3P B LIRS 0 EHERE Y A
s AWS3 chfp g 5% > BEBRAERH R AT & *
Fi i ok > 0w VEELE P
de o TR B RTE R A niE B o 3.7-42GHZ B4 s fF R
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¥ Intelsat AI3e i 7 L AHELFH L EEEFPF ERRT NE

)

FREER R R

Michael O’Rielly % f 3% 5 FCC s F 45i& (7 3.7-4.2GHZ #g . ¢ % 4
$5 FCCTMREY iZp TRAOLATFE R FCCHFHLHER v &
C-Band e 7% ¢ £ #c » & it { HE TR & % ik 8 R4 7
T o

T4 5OGHZ #8 > 4 B3 A B NE A 5G AR * o
Michael O’Rielly % F # 7= » JFFE FCC ¢ = 2 38 e Bh 3 B3R 1T
¥ 0 AL %% o Michael O'Rielly £ An i » & 5.9GHz #f B e
DSRC A & ZH®F 20 » g% 1 B AP EE TR B
hE fo PR EfoRE RS A E S TR0 TR o Ft o FCC ¢ AR

LR EEREE LY R AT AT R 59GHz 4f ¥ 6GHz 47 £ -
o~ OG LR RAEHZ R * R -

(2) 6.425-7.125MHz

poan 6.425-7.125GHz 4B 2 & A fe b 2L P 2R % p b G 5k PRAS 2
* 6.525-7.125GHz » ¥ 3 & 7 # * 6.425-6.525GHz £ 6.875-
7.125GHz » 1 2 b o f#Fh PRFF18 * 6.425-6.700GHz 22 7.025-7.075GHz
e b iT4aR ~ 6.700-7.025GHz a5 F TAARLE T (T4ARL R T o

ook BT J‘z a & % 6.525-6.875GHz ¥ 6.875-7.125GHz #7
T BLETEL G S 4B o P v 6.525-6.875GHz ¥ 7 18,000 5k #4 BB >

80 FCC (2017), Remarks of FCC Commissioner Micheal O’Rielly Before the 6™ annual Americas spectrum
management conference, October 13 2017, available at:
https://apps.fcc.gov/edocs public/attachmatch/DOC-347222A1.pdf (last visited :2017/11/14)
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6.875-7.125GHz ] § 4,900 55§ P& o FCC % % ffd 2 By > 1 jaig »
6.425-7.125GHz *+ {7 #+30 12 £ 532 7 7 4 o

(3) &7 * HE 2 3tk
FCC »t 2017 # 343k 3.7-24GHz M fi2 3530 % 70 » d3dshfid &
FEMM R S NPF S FRUEGT AR T a0 f 45 T RAR
H 4 3.7-24GHZ #F B2 3L & *
LR E NIE S LR
it ApBERLFE"E M E Al 4
LATHE & etk 600 v A it
EATH G i 2 T
HRG R FEATA T RIS
&2 R RGRARGE R R 2 84 e

4~ pwd AR NI AR

wiF 2016 £ % — = 5G T AL 2017 £ ¥ - = 5G AT
DA P T ERC F T BE L AHERY UMFUS # R 4 (24GHz ~
28GHz ~ 37GHz ~ 39GHz %2 47GHz) - 1 L34 P8~ 98 3 i 3 70k
Bl$ 57-71GHz - ¥ ¢t » FCC 4 B 4s3 & 5G ¥ # £ j&_ 3.7GHz-24GHz
Y i & s 5 5G & % 2 TR o
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(z) #5047 k52 5G 4 B L3
FCCiT# AFFRIMHTH » ¢ #£3 2017 &# 3 7 = = 600MHz
B Fd E S S . R 35GHz 2 CBRS & M L xd
AWS-3 473 3p & ~ B % 24GHz v b & 5k R F ke 3.7-24GHz ¢ 4
BAHT REFCRIW o 4 FCCA 2017 # 97 22 2 % - L d
&AM F L & R 42 (Twentieth Mobile Wireless Competition
Report) - p = FCC /g 3¥ & ¥ %4 (Spectrum Screen) 43¢ ~ %Lk

BT r TR E A T R T 4 3-40 8

4 3-4: FCCH# GBI E L MHTR

L a7
600MHz 70
700MHz 70
Cellular 50

SMR 14

Broadband PCS 130
AWS-1 90
AWS-3 65
AWS-4 40
H Block 10

WCS 20
BRS 67.5
EBS 89

8L FCC (2017), Annual Report and Analysis of Competition Market Conditions With Respect to Mobile
Wireless, Including Commercial Mobile Service, Twentieth Report, available at:
https://apps.fcc.gov/edocs public/attachmatch/FCC-17-126A1.pdf (last visited :2017/11/14)

141



https://apps.fcc.gov/edocs_public/attachmatch/FCC-17-126A1.pdf

715.5

FH kR FCC

-

d0E FMEERE S SR A BB > Flpt FCC E MHz/ & 1

v B PR EFAEHFFRE - PR E R T2 WA FEF Verizon

Wireless ~ AT&T ~ Spirint &2 T-Mobile e 3% 4% 5 s s &35 5 5 2453

F176% o 11 F MHz/% & s34 R fi4o™ 4 3-50

% 3-5: XFMHA ARG (1F MHZ/ & et 634 8)

600 700 H AWS | AWS | AWS
Cell. | SMR PCS WCS | BRS EBS

MHz | MHz Block -1 -3 -4
AR 70 70 50 14 130 10 90 65 40 20 67.5 1125
AT&T 3.8% | 41.6% | 445% | 0.0% | 29.3% | 0.0% | 16.2% | 33.6% | 0.0% 100% 0.0% 0.0%
Spirint 0.0% 0.0% 0.0% | 96.5% | 28.6% | 0.0% 0.0% 0.0% 0.0% 0.0% | 86.8% | 69.8%
T-Mobile 453% | 14.2% | 0.1% 0.0% | 22.0% | 0.0% | 41.0% | 5.6% 0.0% 0.0% 0.0% 0.0%
Verizon 0% 31.0% | 47.5% | 0.0% 16.4% | 0.0% | 39.1% | 189% | 0.0% 0.0% 0.0% 0.0%
USCC 2.6% 3.6% 4.0% 0.0% 1.1% 0.0% 0.8% 2.6% 0.0% 0.0% 0.0% 0.0%
DISH 26.2% | 6.6% 0.0% 0.0% 0.0% 100% 0.0% | 35.0% | 100% 0.0% 0.0% 0.0%
H 22.0% | 3.0% 3.9% 3.5% 2.6% 0.0% 2.9% 4.3% 0.0% 0.0% | 13.2% | 30.2%
?%}fi * ik FCC

FRTEA DGR R E MHZE 206 BT G E L E
AR R o 4T 4 36
2 3-6: FRHEHARRE (F2ArEEaiFs k)
600 700 H AWS | AWS | AWS
Cell. | SMR PCS WCS | BRS EBS

MHz | MHz Block -1 -3 -4
R 70 70 50 14 130 10 90 65 40 20 67.5 1125
AT&T 2.6 29.2 23.6 0 38.1 0 14.6 20.3 0 20 0 0
Spirint 0 0 0 13.9 37.3 0 0 0 0 0 58.6 78.5
T-Mobile 30.8 9.9 0 0 28.7 0 36.9 3.4 0 0 0 0
Verizon 0 21.7 25.2 0 214 0 35.2 11.4 0 0 0 0
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uSccC 1.8 2.5 2.1 0 15 0 0.7 1.6 0 0 0 0
DISH 17.8 4.6 0 0 0 10 0 21.1 40 0 0 0
i 14.9 2.1 2.0 0.5 3.4 0 2.6 2.6 0 0 8.9 34.0

FH kiR FCC

1 FCC s id 23 FiL A e dp > EMeniFdd 7 %
* . A2z 2 4738 ® &k 3L (Distributed Antenna System, DAS) e~
AEE o il AG RERLOHEEFR P 2T T Ak BG R 2

AR RBSE AT RERB S BT A

TRk E 0 FCC 3t 4 2018 & A #-f At 109 % 15§ ) 4
*

P E R FHE G EE T M IRPIGE 56 B o Verizon Wireless p i
o % 73K & FRGE 5G > 3t 2017 & 5 ¢ d & miFs (Ann Arbor) #F#
H BG R, His» 2017 &# 11 * 2 # %4 2018 # P *)b4cmBR o 42
e 5G R RHEIRIE > 2018 & A E-F 5 5 BRI HE @ ¥
5G PEF% > B @ Verizon @ WP 11 B3 FRIELGGC R o % - FFER 5G
O ORHIRARF BT E R T 3,000 § R0 0 3% 2 P 56 Rl
FAERR* 28GHZARE » L * 2 RIGER o 8,

ATE&T 171 5G Z 5 i s B T 3% & S ARFE 7> AT&T
e Verizon ¥ % FCC # & # ¥ & 5517 5G T A AAF AR it 2
5G 4§ % 1= o T-Mobile 4.24]:8 * 600MHz #F £ # £ H 5G f§ » ¥4
2] * $Rix> 3.5GHz #g B3t 5G g F 2= o T-Mobile & 2017 & 8 % 7 #

82 |d, para 42-43.

8 FierceWireless (2017), Verizon to launch 5G first in Sacramento in late 2018, available at:
https://www.fiercewireless.com/wireless/editor-s-corner-so-verizon-s-launching-5g-sacramento-big-deal
(last visited: 2017/11/30)
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Fopakre - B 600MHz v LTE A 4 - 322 @ & & #jf o
600MHz g 22 LTE oA # ™ > 2 H HE T FIE PN 56 g #
£ o T-Mobile vk % 3 € = 3 & 1% %’gﬂ TR aTAMRT KA » 2
HA AT @RI 56 o LTE i o T-Mobile s 22 % £ 20 % B
S0 MBS F S FRAQE 120 § S # 2 o % - B 600MHz LTE A=t
sy @ LR P Y (Wyoming) 9% %% (Cheyenne)

Spirint B 23] % * 25GHz 4 FL i & 5G zﬁa&w 2 BEFMe X 2

[ 178 % & #1056 i B R ke T 4 3-7

%37 4Re X A EY 5GHE R

R [N

o
-k

> 2015 & ¢ 33‘ + 5G H#iFH g

LR A LS N AR F - - T
Verizon | 28GHz > 2017 #5327 5G 2 fmid ¥ VR eipl sk
39GHZ | 5017 22+ 11 B+ #-46 4y 5G % HIR4x
> 3 % Al £ % 519 28GHz fr 39GHZ # &

> ¥R IR 0 ¢ 45 3.7-4.2 GHz, 27.5-2.835 GHz,
3.7-3.86 GHz, 64-71 GHz, 71-76 GHz

AT&T | 28GHz > 2017 # 5 7 da ) 5G F =5\ AR P PRARPIE
39GHz » 2017 & R3] 11 28GHz #E £ & 7 PR

> 2017 # &2 Rk 3yl g il ~ € 2 a7 5GP

> %22 3GPP % 5G NR HF 2 PR

T- 600MHz > :I'E‘\:;‘L 1 600|\/|HZ {7 5G “}k—ﬁfi * 3E
Mobile 38GHy

8 T-Mobile ready to rock new spectrum with first 600MHz lte smartphone & 5G-Ready network gear,
available at: https://newsroom.t-mobile.com/news-and-blogs/tmobile-600mhz.htm (last visited: 2017/11/13)
8 1d, para 86.

8 Rumi 11ZUKA (2017), 5G Global trends, Spectrum Futures 2017.
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2.5GHz

> {v® i@ &2 Softbank & % 1+ 25GHz # f:& {7 5G &
WP 2. & TR
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T KR - Rumi HIZUKA

145




B

(-) s i B

RN FCRET 2 R B R 2 A (Australia Communications
and Media Authority, ACMA ) A3 ¢ /®M3Ln %4% - ACMA i & &
Fo2 - E {¥gp 2005 E R MU G o448 g = & Z (Australian
Communications and Media Authority Act 2005, ACMA Act) ~ 1992 # &
A 7 i 17 7* (Radiocommunications Act 1992) » 12 2 1992 & B 3% ¥ 532
(Broadcasting Services Act 1992, BSA) i 44 &k ¢ L & ST AR ¥ -
RAFHF Ll & 32 R3]~ A AesE T o RSP R e & R
I .

MW HTRBE U BIFE S AIRTE P FA SRR RT PO E
%%%*‘%ﬁ%%%%%ﬁi%ﬁ’%ﬁﬁﬁﬁﬁﬂ#ﬁ%*@*°
wirdigr A2 m o ACMA & T GrRriF Rz FI1Z 4p M A m 9T A F 0

HME TR M2 BERG TN A FFEREF D EF
ACMA FPepcfipfedl U e PRASFHIRF § 2 L fr > 1L Fgs o

I ##p R I (five-year spectrum outlook, FYSO)E_ ACMA %34 -
WA HF P IRARE DE R S 2 @ FEMOMIEE R R s IR
ralde B s & A P2 Ap R T o FYSO {585 ACMA 4% 207 33840
o Bgia it o ACMA 34 g 75 1T ApRE £ 39 0 S 215 B
B S = s S

FYSO 4%t ACMA #3412 enie £ 37 ~ mip &2 @ # 4p b R3E >
R H gz RGrfRA S TR RAL  JITARR AT R g 2
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KFEEe ACMA i 6 B disficds 5 L eha 1834 % » 27 12 ACMA $H#F
8P A TR« ACMA 61 FYSO g 44 47 2 4o 3- 4 77 o

ANALYSIS

Environment
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demand spectrum
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Discussion Industry
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Government priorities
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Management
Principles standard

PRIORITIES

Five-year spectrum outlook

W 3-4: ACMA i FYSO § 4 47 % #

FH kA ACMA

ACMA s 3 4 SL i f 2 Hido™ B 3- 5477 » 5 kg % ACMA P

FEEEE F IR R Y F o R i LRrAL 6 R R
147
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TD: Technology
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B 3-5: ACMA sz § iR % #

FH %R : ACMA

A AR § K K A ACMA #E 3 ¥ IR enbl 4Rk 3L - 5 &
ko TR R Y 2 ACMA hE BRAR R > S Haphl {oi o vt
FREFGZ IR ERI - 57 v T E EI R e R
ACMA: 24 - B¢ & FF

® o peip el o e s L IR AR e * s
® F ¥ 2k  4F chfkE
o +

A R R AH LT E K -
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ACMA L5 B P wiel ¥ W § ROl TR™ * 7
BEPRFE o 2Rm > AT R BRIV FE AR 0 R FE RS T RMEAR
FH - RaEL P ACMA = k- ERpRM 1 1T 54t » ACMA
%2015 # 97 10 p g # 7 2020 & 5 crobp o p 3 ek 1 2020 # (8 MR
e 12 K v¢ (Beyond 2020- A spectrum management strategy to address
the growth in mobile broadband capacity ) - % 4-{7 & T H4E 43 & =
E o 87
ACMA >+ 2016 & 2 7 24 p ¢+ 7 (78 F48 1% - ACMA 4 3§
¥ 3 % «¢ ( Mobile Broadband Strategy — The ACMA’s spectrum
magament strategy to address the growth in mobile broadband capacity ) -
R E R AR N £ o Bk i 2020 &£ R g g R
G- A FRES LR LAY RSP ACMA #-¢ # 13 H'E/ 2

7 it 2 ABg > o JEELR 6GHz AR Y T d RO £ 438 56 2
FE o PP ACMA » § 3P R FFETHEH R > v BT T

EA S HE A

5

(=) #p B AR

ACMA *: 2016 & 2 % % B 2+ 5G v {7 & $ B3 B 379 55 4 chip

4, (5G and mobile network development— Emerging issues) %0 » # 4R %

8 ACMA (2015), Beyond 2020—A spectrum management strategy to address the growth in mobile
broadband capacity.

8 ACMA (2016), Mobile broadband strategy—The ACMA’s spectrum management strategy to address the
growth in mobile broadband capacity.

8 ACMA (2016), a summary of and response to submissions received to Beyond 2020.

% ACMA (2016), 5G and mobile network developments—Emerging issues, available at :
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108 APT (2016), APT Report on "Information of Mobile Operator's Frequencies, Technologies and License

Durations in Asia Pacific Countries", available at: http://www.apt.int/sites/default/files/Upload-
filess AWG/APT-AWG-REP-15Rev.4 _APT_Report on_Mobile Band_Usage.docx (last visited :

2017/11/28)
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Wireless  City AXGP(Advanced
. 2545-2575(TDD) eXtended Global
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Platform)
uQ
WIMAX /
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19 NTT Docomo (2017), DOCOMO Initiates Multi-Party 5G trial for connected cats, available at:
https://www.nttdocomo.co.jp/english/info/media_center/pr/2017/1106 00.html (last visited : 2017/11/28)
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110 FierceWireless (2017), Ericsson, Softbank prepare for 4.5GHz 5G trail in Japan, available at:
https://www.fiercewireless.com/wireless/ericsson-softbank-prepare-for-4-5-ghz-5g-trial-japan (last visited :

2017/11/28)
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111 RSPG (2016), A spectrum roadmap for 10T, available at: https://circabc.europa.eu/sd/a/a0faala5-cad4l-
42c3-83d5-561b197419b0/RSPG17-006-Final_IoT_Opinion.pdf (last visited: 2017/6/16)

112 RSPG (2017), RSPG Opionion on Spectrum aspects of the Internet-of-Things (10T) including M2M,
available at: https://circabc.europa.eu/sd/a/aOfaala5-ca41-42c3-83d5-561b197419b0/RSPG17-006-

Final 10T _Opinion.pdf (last visited: 2017/6/16)
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® 862-868MHz ~ 870-876MHz 2 915-921MHz

d 3 ECCe » 2016 % 6 * i i CEPT B>t & £ R T W& ¢ * 4
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iM4p & 2 B2 5% (CEPT % 59 BL4p 2 #1345 ) &7 2 %k - 199
CEPT % 59 5L4p £ W i3 %2 N % » i & 333 870-876MHz ~ 915-

114 RSPG (2016), A spectrum roadmap for 10T, available at:https://circabc.europa.eu/sd/a/a0faala5-ca4l-
42c3-83d5-5610197419b0/RSPG17-006-Final_IoT_Opinion.pdf (last visited: 2017/6/16)
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1900-1920MHz #gE P m & F B R BRFT 2 34 il E ¥
fFovid ¥ dz#ftl M AMPRFRZ s FopE b &+ UMTS/IMT-2000
TDDHfre 25 » KF I A B A 2 » P - HFRFPIBHF FH M o

CEPT *t 2015 & AV & 2435 2.3 #3220 3 ¥ B A ¥
i (Broadband direct air-to-ground communications , BDA2GC) - % i »
R L ¢ B fo I A % 1900-1920MHz 45 = BDA2GC i@ * #f & » 7]
B AR A KT A € % Y loT AR R ¢ o

(2) ECC % T00MHz 47 £ i * *> 0 55 e 2_ 4 o™ 47

2016 = 3 * ECC# 41 * 733-736MHz / 788-791MHz z_ H == 45
2 (% 242 5352 ) o d A TO0MHz #F £ 2. 783 1 ¥ 754%
2x30MHz 2. Band 28 = ;*## 4 (703-733MHz/ 758-788MHz) > ¢ & 7

115 CEPT (2016), Addendum to CEPT Report 59, available at:
http://www.erodocdb.dk/doks/filedownload.aspx?fileid=4337 &fileurl=http://www.erodocdb.dk/Docs/doc9
8/official/zip/CEPTREP059_ Addendum.ZIP (last visited: 2017/6/16)
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Bands 694-
698

738- | 743 | 748-
743 | 748 | 753

PPDR
2x3 MHz

FPDR
2%5 MHz

M2ZM
2x3 MHz

sDL
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W 3-21 : 700MHz #f &= & 3745
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2~ B B

BOR T D e i dp ik TR g 2008 £ R 6 r iR
( Decision 2008/671/EC) #- ITS 2 DSRC #; 7% * 5875-5905MHz 47
B MTRREAE R A AR B 2 FEE R L
Fd MR RAHE ST B AT AP L 0 AT iR R R
ARSI GRS R R EFS P RE R REGR RN B P
HRZHE B TS B ATk R o AP B SRR T & 3
16 -

116 ECC (2016), ECC Report 242: Compatibility and sharing studies for M2M applications in the 733-
736MHz/ 788-791MHz band, available at:
http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCREP242.PDF (last visited: 2017/11/30)

117 EC (2008), Decision/671/EC, available at: http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32008D0671&from=EN (last visited: 2017/11/30)
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SR TR 0 2015 # 7 7 38 ECC 2 & /43 (ECC Decision (08)(01))
v THEE ITS i %F‘]_L 5875-5925MHz - 118“%‘ gtz ¢k ECC #43%
5855-5875MHz g 23 i@ * > piE ;ﬁ#ﬂ PR ITS T 2ERE & 2 e ¥ o 119

ETSI#-p s g ITSHE LA > V% A 5 ITSERE 2R ~ITS
PERME 2R UE ARITS Y T =480 407 4 3-17 -

3 3-17: %P ITSHEH LA 3 ;110
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Commission Decision 2008/671/EC
- *
S875-5905 TS it 2k ECC Decision (08)01

5905-5925 A KITS & # ECC Decision (08)01

FH# kR : ETSI

118 ECC (2015), ECC Decision (08)01: The harmonized use of the 5875-5925MHz frequency band for
Intelligent Transport System (ITS), available at :
http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCDEC0801.PDF (last visited: 2017/11/30)

119 ECC (2015), ECC Recommendation (08)01: Use of the band 5955-5875MHz for Intelligent Transport
Systems (ITS), available at: http://www.erodocdb.dk/Docs/doc98/official/pdf/REC0801.PDF (last visited:
2017/11/30)

120 ETSI (2017), Intelligent Transport Systems (ITS) ETSI EN 302 571 VV2.1.1, available at:
http://www.etsi.org/deliver/etsi_en/302500 302599/302571/02.01.01 60/en_302571v020101p.pdf (last
visited: 2017/11/30)
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121 5G Americas (2016), V2X Cellular Solutions, available at:
http://www.5gamericas.org/files/2914/7769/1296/5GA_V2X_Report FINAL for_upload.pdf (last visited:
2017/11/30)

122 FTSI (2017), Intelligent Transport System (ITS); Security; Threat, Vulnerability and Risk Analysis
(TVRA), available at:

http://www.etsi.org/deliver/etsi_tr/102800 102899/102893/01.02.01 60/tr 102893v010201p.pdf (last
visited: 2017/12/27)
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"f 7 5855-5925MHz = Ak~ fr ik ITS & * ¢+ > p a 63-64GHz P =
< Adp LR ITS i@ * 22016 # 3 7 450 ECC 2 & 43k ( ECC Decision
(09)(01)) ¢ - =& Tofe & BT 3 > 5k (eSafety initiative )
K%Bﬂ’%ﬂ?M %&iﬁ CER LT F R AR i
R 0 kB JEE ITS KA FE B E o FM 5 T B HH
SHEHT R TSR R - I’z%;‘,%—i%%%? W 2R o

P ini 5.9GHz #FF 2t 63-64GHz #ffchddid » i & 548 » #ah
ITS enig * o 63-64GHz #f L enBjivigd * if 3¢ & B+ i %J B3
(b4rdle e 28 ) ¥ B 2 Rl 3~ B iR A #H K I L2
A G E D Rl o

63-64GHz A7 fL i * *TITRESLOMRIEN L > BEEERE S 100 2 < o
F R BT o 63-64GHZ AR Bt BmEEAE R L 3 2 £ R R HedR

SEITIE RIS S Sl i R i) % >y Rk AR e E REFR S Bde®
FRAFEX 2E R 2 LT & f£4] (Cooperative Adaptive Cruise
Control » CACC) ¢ & rj p # 7|} (7% (Platooning) % & * 8 - 12

123 ECC (2016), ECC Decision (09)(01): Harmonised use of the 63-64GHz frequency band for Intelligent
Transport System( ITS), available at: http://www.erodocdb.dk/docs/doc98/official/pdf/ECCDEC0901.pdf
(last visited: 2017/11/30)
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PR ELRBER - PP RELE >3 30« V0 ERA|FTIE 12
ANEERETEHMEE (ITU) - P 3p 5 1 R IRGFDR *
Flo B pFf gF loT @ % F 0 BuREFTHIRT @ * AT R -

AT PRI - BF T T EERFFTRR Y FaFT o
Lo DRFRT R AR T 0 E (0T K &Y F L ehF
oo FFER AP W 863-870MHz 12 2 868MHz % il 47 5 Rk 1 < R A i
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124 RSPG(2017), RSPG Opionion on Spectrum aspects of the Internet-of-Things (10T) including M2M,
available at: https://circabc.europa.eu/sd/a/a0faala5-ca41-42¢3-83d5-561b197419b0/RSPG17-006-
Final 10T _Opinion.pdf (last visited: 2017/6/16)
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® % (7 it (Professional mobile radio network, PMR) & *
L
® F TN MIRFFR A (Hlhem AT P S HhiE R E)

® LR AT -

RSPG 5 > BRIRABHFV kB2 — > S fyfod & F 5 473
i HE ST R EHFR TR N =Ll MaE s 3 8
Pldcf R R & o AL L B T enpeg B o T SRR 5G &
loT R FEadpc i A F > ARBH LI T FLELENE I o
ERARE T M2M B § 5 iF GPRS kit & PRI » S F AT
BT~ > poa 3GPP & xR = A7 * v 0T el iR 8

® it i 4] GSM-loT (Extended coverage GSM for loT, EC-GSM-
I0T) - #% = EGPRS i= M2M i# * > ¥ 2 |oT ¥ 416 > 2k GSM
e 4 HPRAR S

® LTE-eMTC: g% *t % £ Fideh LTE HiF > LTE MTC P
70 ¢ B~{8 3GPP R13 }x#+ /& o

o g‘ﬁ ~ % LTE T 5 ek 4f & 5 id 2 $p ((Narrowband radio
technology ) » ¥ #* 34 M Aepx 4 i@ 2 (NB-loT)
NB-loT L #sfftig * ~ 5 b A -V EFEFERFLE L
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“» B v (Network Slicing) ~ 4= 4c 12 2 ¥ 45k 1% - 3GPP Fg 3+t 2017
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£ 61 3% 1 R15 % # 5G (pre-5G) 2z HipriE i > £ 7 iy >t 2019 & K
# 11 R16 %% o

P s el o Rofmd i adf i > ¢ 35 700MHz ~ 800MHz -
900MHz ~ 2100MHz % 2600MHz #f £ % » 8% * 224k i loT 237753
2 M2M $jie o 5 gE Y 2 R o R R ek s T 2 f3
AP RN SIS cRSPC 2 RFERL €8 L € R MEH"
ECC 4 NB-10T ~ LTE-M 12 2 EC-GSM-10T et iivif i 24 o

ECC*> 2017 # 6 * 30 p % # % 266 L3 2 » 44w b4 i@ #
NB-I0T ~ LTE-eMTC %2 EC-GSM-loT % p & = 3jris 2 » b4 A NB-
0T F3 ™ » NB-loT i * #gig 5 200kHz » ECC 22 3% &2 483 LTE 34 AR
B3 b B HE 200kHZ » 40T B 3- 23 0 153 3% NB-loT # £ LTE4E &
i P fE B 4o ] 3-24

3% LTE-eMTC > #-i¢ * ¢ 4 6 B 180kHz #E . » 4 & * 4F 5 iF
1080kHz » 4~ @) 3-25 -

125 ECC (2017), The suitability of the current ECC regulatory framework for the usage of wideband and
narrowband M2M in the frequency bands 700MHz, 800MHz, 900MHz, 1800MHz, 2.1GHz amd
2.6GHz,ECC Report 266, available at: http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCRep266.pdf
(last visited: 2017/11/29)
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Operator A OperatorB

LTE resource block 6 LTE-(e)MTC resource

total {LTE+LTE-(e)MTC} blocks of 180 KHz each
occupied bandwidth

Figure 2: In-band deployment of LTE (e)-MTC
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126 EU Decisions 2017/1483, available at:
http://www.erodocdb.dk/Docs/doc98/official/pdf/20171483EU.pdf (last visited: 2017/11/29)
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127 Ofcom (2015), Promoting investment and innovation in the Internet of Things,
https://www.ofcom.org.uk/consultations-and-statements/category-1/iot (last visited: 2017/6/19)
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128 Ofcom (2015), More radio spectrum for the Internet of Things,
http://stakeholders.ofcom.org.uk/consultations/radio-spectrum-internet-of-things/ (last visited: 2017/6/19)
129 Ofcom (2016), VHF radio spectrum for the Internet of things,

https://www.ofcom.org.uk/ _data/assets/pdf file/0029/78563/vhf-iot-statement.pdf (last visited: 2017/6/19)
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130 Ofcom (2011), Statutory Instuments 2011 No. 2949,
http://barakaconsult.com/uploads/The%20Wireless%20T elegraphy%20(Intelligent%20T ransport%20Syste

ms)%20(Exemption)%20Regulations%202011.pdf (last visited: 2017/11/29)

181 Ofcom (2015), Wireless Telegraphy Act 2006,
https://www.ofcom.org.uk/ _data/assets/pdf file/0021/17184/wt6_licence muxd.pdf (last visited:

2017/11/29)
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132 ETS| EN302 571 v1.1.1(3),

http://www.etsi.org/deliver/etsi_en/302500 302599/302571/01.01.01 60/en_302571v010101p.pdf (last
visited: 2017/11/29)

133 0J No L 220 15.8.2008, p.24, http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008R0816
(last visited: 2017/11/29)

134 Ofcom (2016), Digital Communications Review,

https://www.ofcom.org.uk/ _data/assets/pdf file/0016/50416/dcr-statement.pdf (last visited: 2017/11/29)
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135 Ofcom (2017), Improving access to 5.8 GHz spectrum for broadband fixed wireless, available at:
https://www.ofcom.org.uk/__data/assets/pdf file/0014/105224/Improving-access-to-5.8-GHz-spectrum-
for-broadband-fixed-wireless-access.pdf (last visited: 2017/11/29)

136 |ITS UK (2017), Society represents toll operators with response to Ofcom, http://www.its-
ukreview.org/society-represents-toll-operators-with-response-to-ofcom/ (last visited: 2017/11/29)
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187 Ofcom (2015), More radio spectrum for the Internet of Things,
http://stakeholders.ofcom.org.uk/consultations/radio-spectrum-internet-of-things/ (last visited: 2017/6/19)
138 Ofcom (2016), VHF radio spectrum for the Internet of things,

https://www.ofcom.org.uk/ _data/assets/pdf file/0029/78563/vhf-iot-statement.pdf (last visited: 2017/6/19)
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139 NT1A(2017), Fostering the advancement of the internet of things, available at:
https://www.ntia.doc.gov/files/ntia/publications/iot_green_paper 01122017.pdf (last visited: 2017/6/13)
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140 5.88- DIGIT Act, To ensure appropriate spectrum planning and interagency coordination to support the
Internet of Things, available at: https://www.congress.gov/bill/115th-congress/senate-bill/88/text (last
visited: 2017/6/13)

141 5G Americas(2016), LTE and 5G technologies enabling the Internet of Things,
http://www.5gamericas.org/files/3514/8121/4832/Enabling_loT_WP_12.8.16_FINAL.pdf (last visited:
2017/6/15)
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142 FCC(2016), The commission seeks to update and refresh the record in the “unlicensed national
information infrastructure (U-NII) devices in the 5GHz band” proceeding, available at:
https://apps.fcc.gov/edocs_public/attachmatch/FCC-16-68A1.pdf (last visited: 2017/11/14)

143 FCC (2013),Revision of Part 15 of the Commission’s Rules regarding operation in the 57-64GHz band,
Report and Order, available at: https://apps.fcc.gov/edocs public/attachmatch/FCC-13-112A1.pdf (last
visited: 2017/11/14)
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144 FCC, Dedicated Short Range Communications (DSRC) Services, available at:
https://www.fcc.gov/wireless/bureau-divisions/mobility-division/dedicated-short-range-communications-
dsrc-service (last visited: 2017/11/20)
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145 FCC (2016), The commission seeks to update and refresh the record in the “unlicensed national
information infrastructure (U-NII) devices in the 5GHz band” proceeding, available at:
https://apps.fcc.gov/edocs_public/attachmatch/FCC-16-68A1.pdf (last visited: 2017/11/14)

146 FCC (2017), Radar services in the 76-81GHz band, para 9, available at:
https://apps.fcc.gov/edocs public/attachmatch/DOC-345476A1.pdf (last visited: 2017/11/20)
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(Ultra-wideband,UWB ) & * % i@ * 23.12-29.0GHz %2 22-29GHz #
Boep oo fepr i 0 FCC » RFEH B EIH > 7 £ /¥ L e
ga v g

(Z) ¥ * & g R
1~ oy

FCC pmid » |oT KK 2 * ¥ * L RAF R LS HARAFE - T
BREF IOT B* 2 & > ARFEEHFTRDT RS EHEFH 4 - &
FHL O ARBRAZIL RGP FERT S S MaRTEIFRA
(Part 15 : Radio frequency devices )

WrgEm 5 o FCC $13% 10T shE AR H 4 & 17 0k i 3 5 x50
FIEHMERFE 0 o - 25 o NTIA B 2 €48 10T 7 2 ddp i 7
M >IRAE o

FCC ¥+t 902-928MHz ~ 2.4GHz #2 5725-5850MHz (UNII-3) d
R *&%’” o IR % 15.247 i > I v g 32 54-T1GHZ 4 B3t 4L
PR MR L E Ot ERF % 16255 iF o

¥ 15247 ¢ o 1 R4 & B (Frequency-hopping) £ #ikc
= % 12 B (Digitally modulated intentional radiators ) =% # 2. i * o
Fo AN EEARSFE ¥ @ * 902-928MHz ~ 2.4GHz £ 5725-
5850MHz #g L pF > H f+ i B @14';4 PERLELIR -

dom FoAg B P fraf 0 2013 & FCC 3|2 = U-NI & @
5GHz #p B 2. i§ * g‘f ® » t# 5350-5470MHz ( U-NII-2B ) -~ 5725-

14747 CFR§ 15.255.
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5850MHz (U-NII-3 &ze @ ) 2 2 5850-5925MHz (U-NII-4) H_F i *
W U-NH A RAFE o @ f8 FCC* 2014 2328 1 2 ge itz %
SARL AL B U-NI K HAFREe o AP R g 7 R
* U-NII-3 et o 45 EL > 45 5 18 * 45 i 5725-5850MHz » e ¥ #F & 1
FCC # B B *xag B U-NII-2B 2 U-NII-4 A B 3o T Hprt & @ (0 %9
AB L LRI R R R o 18
2013 8" 9p FCC## B £ RK % & * 57-64GHz (60GHz)
B2 R B e 4 o FTARRM K F Y 7 bR % 60GHZ ApEcpE 0 iFiR
B g bt & > FCC # 2 ;ﬁlzﬁlﬁva@ﬁﬂ@%ﬁp g2 iz o T R ot
ERLBEETBER AR G 0 M) A R FRBM IR 2 A TR
f%ﬁ%%&%Ar@&ﬁgaiﬁgom
T 60GHZ #FH X A R B & i AR 2 i S PR P
/%-Fxﬁ”@ﬁsqlﬁﬁgﬁ. 2013 # 8 ;% % > FCC %4> 60GHz #F £ o 37 45 . 34
PR Vi o GRS RH 3 2t BEF LRI TS FRA
AL F T3 00 9 ML (UW) S B RS IR AR LE TS 2 A
18 #eX - # % 52352% EIRP % 10 X (40 dBm) 2% & EIRP 37 20 X
(43dBm) o pt k4] 60GHz 4 3 PRK & ' (B @;@Jﬂ ‘% 500 ¥ %
(mW)

148 FCC (2014), Revision of part 15 of the commission’s rules to permit unlicensed national information
infrastructure (U-NI1) Devices in the 5GHz band: First Report and Order, para 2, available at:
https://apps.fcc.gov/edocs_public/attachmatch/FCC-14-30A1.pdf ( last visited: 2017/11/20 )

149 FCC (2013), Revision of Part 15 of the commission’s rules regarding operation in the 57-64GHz band:
Report and order, avavilable at: https://apps.fcc.gov/edocs_public/attachmatch/FCC-13-112A1.pdf (last
visited: 2017/11/14)
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2013 # i3 ;% 14 > FCC juzr = ¢F T 303 574 %32 % 7] 82 dBm > & =
M F 2t 51dBi pF > & dB FE b L 2dB o 2 b B SRt 4R B T
85dBm > & = s ¥ 1 51dBipF - & dBE ¢ £ ik 2dB o

& g

2016 & 6 * FCC # 14 5.9GHz #7 £~ (5850-5825MHz ) & _DSRC
Erop iR UNIHEE X5 @ 2 5e 2 2> FCC v |
% i ¥% ( Department of Transportation, DoT) ~i & 2 ¥ &2:i2u g % &
EPIEE S PR T o enE B o U-NI 25 3 7 4% B Efedp? $ 3 i3
P2 ERi > m DSRC R * EiE4 & M g AP FiiEds &
@A 2B Rk R T @ (2 i A#GE s (Vehicle to
Infrastructure » V21) » ™ 2 35 Sk K 2 2wl 4p 3 @@?J’* w (@
jm¥t @ 4w (Vehicle to Vehicle, V2V) )

2015 # 8 * pF > DoT f# 41 DSRC & £ 3 Bk & FF eiplidzt & o 4
¥ U-NII 2% # & * 5850-5925MHz p# » + 4t ¥+ DSRC i& i7i$ = e’ ig
7 oom {8 DOT £ 12— #¥# FCC~ NTIA £ i t23 > 22 = U-NII
LB K 2 DSRC %k # £ % #FF 2 P3R4 > R 2 A 0T
= BrEE 0

® - fFECAPMRRERLETE LR G & o FCC R
B BT o F’ ;’Li-Lé’l_,,t XHE R llﬁjﬁjﬁgﬂﬁ,jﬁ%@,ﬁ

Eﬁh'kflﬂﬁgui‘]-DSRC E\"ZITTJ-#E %ﬁr} d\rb-ﬁhm/ﬁ Pé"ﬂ_’g

150 FCC (2016), The commission seeks to update and refresh the record in the “unlicensed national
information infrastructure (U-NII) devices in the 5GHz band” proceeding, available at:
https://apps.fcc.gov/edocs_public/attachmatch/FCC-16-68A1.pdf (last visited: 2017/11/14)
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o RE 1T BRI K 0 BB e Sl 0 G4 U-NII 2% &% 18 3R
7| DSRC 3L HEE » 11 2 SHFE Hrw LG F 32 973 5
s B~ T dplrie g (detectand avoid) | e97 j% o

® - D AR B RIRE - DOT eiRlR@ 3 TR T 0 PIERRE

Pt Bl e LT S - PRI D i A T AL

E a3 F PP iF (T o

PR TR B R TREL S 6 I B Y RIE €7

L FRBERA - = EME T gL 5 DoT #7

Flk o blded BIRB T HAAMPREADEE P

FCC ¢t DoT # X f5d RIFFA & L 7 Ap M 7 Bdcdy > * 1247 »

i* I PRE H e 5850-5925MHz 4f £ 18 (¥ pr 4 DSRC ez af el 58 o
2017 # 6 ' FCC = # %t 76-81GHz #g ey 1R[] » L 76-

77.5GHz £ 78-81GHz : fie 4t & s & €_i=PR4% (Radiolocatin Service) &

BT % 2 ¥£3% (Radio Astronomy Service) - i * 3tdejck p * 7 3

ﬁﬁﬁ@?%°%&:ﬁ%ﬁ31£%ﬁiﬂ’ﬁiiﬁé#%ﬁﬁ

éz o 151

Y 2 2

PV RERFERD Y FEy { LK FHFTRT LR > FCC
2017 # 6 " chE AP & § Z WK

® 7 i LFLRE T FE LMY R Y 16.2-17.7GHz & 46.7-
46.9GHz ;

151 ECC (2017), Radar services in the 76-81GHz band, para 13, available at:
https://apps.fcc.gov/edocs public/attachmatch/DOC-345476A1.pdf (last visited: 2017/11/20)

217



https://apps.fcc.gov/edocs_public/attachmatch/DOC-345476A1.pdf

HRLRBE Y BTy Tk 2312-20GHz & 22-
20GHZ #1 £ i ¥ #3E H 195 |

LRI H IS A NG E L AT # Y 76-81GHZ 4 E
LRI AN L ERTF S N

3B LT AV @ % 76-81GHZ T * R G 2 H -

B ERPEHEEEIRAR RS RARAPRARE SN 2R
¥ b Eﬁﬁé’fi%ﬂ«%&i % 15 3% B 5 R4S (licenced-
by-rule) » 8P B EAT R Y o @i G LR AR

R w BB > R IR
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o R
(—) Fcil 3 B
ACMA >+ 2015 # 11 * % # loT & ;14g3 (Internet of Things and
the ACMA’s areas of focus) 2erzi P < & » 7| @i BigeE ~ ¢

LB R RBARM IS AAER &3
® TR PR bldeil B AAH T TR RS TR LB
® i iERLinF > e B
® B FliTRAfrT NI IR S U2
® MEtAREE AR FEE NS I H R

%%%&%ﬁ&%fﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂo

ACMA »+ 2015 # 12 % 22 p 4 4 % &Hﬁ?&%‘ LRER N R IEE ST
oo 4R AR M2M R
MRS IR A A LB PR FE - ACMA 4 é*%#%:ifﬁ 5 - TR
& M2M Ao 5 4 OLIRT ~ AL FCRy fede B e A7 380 i B Jig e /e > 1

FEILF B - KA ERe R o

R o g w|FL R (class license) .- f8iF (T4 T g M T W K
PE m,v - %ﬁ; ’ L"‘F‘ \3’_,1 *{ﬁ@h&%#m ,;!f‘ + KQ#;IJ.H;F,‘_F; NEES i 11/3_- 4T

55 o

FiE o EZP AT IR P AFURARRPELORG o R FEF

152 ACMA (2015), Internet of Things and the ACMA's areas of focus,
http://www.acma.gov.au/theacma/internet-of-things-and-the-acmas-areas-of-focus-occasional -paper (last
visited: 2017/6/15)

158 ACMA (2015), Easier access to spectrum for Internet of Things,
http://acma.gov.au/sitecore/content/Home/Industry/Spectrum/Spectrum-planning/About-spectrum-
planning/easier-access-to-spectrum-for-internet-of-things (last visited: 2017/6/15)
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FPEFEYMRAR S BT HIRY R o M FERAE (Low
Interference Potential Devices, LIPD) % # +

1#
K LWDJ@%°LWD?*5??ﬁ%£ﬁmﬁﬁ%’ﬁW%Ll
54

#ﬁ&"%{oLIPD%Eﬁ,ﬁ%fﬂ FREPGEE EIRE RS A
Jk'ff'—ﬂiﬁf\f e 2, I?EEE-O

é#mMMi%ﬁ%%$&%Eﬁﬁﬁ%ﬁﬁﬁ%%ﬂﬁww%i
(class licensing regime ) 5 &k E B4 3 Tk - ACMA 3k @ 2+ 311
:x 2015 & M+ 3K A & M A 4 s R (Radiocommunications (Low
Interference Potential Devices) Class Licence 2015) % ¢ 7 B 900 MHz -
2.4 GHz {v 5.8 GHz 47 g chii * 2RA| > 12 f2'F M2M % & 474 55 4 3 4
@ iE K F 2 A (narrowband low powered ) & 4R 4 B ek iR R
drpt B LI EAE DL FRY 0 bldoficdiiE iR (data telemetry ) -
WEEHTI SRR BRRE - B2 Ao 1045 o

ACMA [ PF i3 37 3 B 7272 30 > 3 B ATengE M - AR BE R
PAEE o @ @R N FRRE Y hE SR g E
(radiodetermination transmitters) ~ p # % & & 32 % k¢ & * A2 B
BrgHE @0 T or e P HFRPEOR T ARG S
¥ % 122.25-123 GHz ~ 244-246 GHz % #F £ B *x i@ bR & S 20 1@ %
G TE R B RER R - R o ACMA M58 T R 3T
4ok 3-19 #1o%

154 ACMA’s Class licences, available at: http://www.acma.gov.au/Industry/Spectrum/Radiocomms-
licensing/Class-licences/class-licences (last visited: 2017/6/15)
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1 3-19 1 ACMA 539 T b B 37

b ) BITEENMRT | B El LT i3 3T
P EC I B s | LIPD A 44 pR % B gt 38 ] o T THEE

# (digital
modulation

transmitters ) # -

58 ~ 59 fr 60 %2
(b) 5& > 4ld

FEHPBBET M

?%&%@ﬁi$
I M2M/ToT & % >

o L RS E ST

A 2 AT Ly A £
%R L 6dB P > A WiFi 4 B i 7 i
[ %o
500kHz -

F7H122.25- 3 3TH ¢ 7 REEAIL | T # BEiRgiad

123GHz ~ 244- HAFFIra AT | AT Pfom T

246GHz % ISM #f

B R A o

Bl T_HpF (radio-
determination ) %

% o

TP B S
§ 0 LA ELIRTH
o £ E i 2w

s a]:%l_!_g» ? I —

ATHZ BAEG @

TR S

AT R T S
Bk ET R R

75GHz 4 £X -

#7446 6.0-8.5GHz ~
24.05-26.50GHz »
115 57-64GHz 4%

e
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b1 REFZFERET | EBF2 S8 RT BITHRP
AR AT T F | 6.0-6.8GHZ#EE R | 73 6.0-6.8GHz#f | * *tp # s 3

S g T AF R o

© AT TS A

T P e

B AT e

B o

Wk i B R

/PVJ o

R E AP S A
78 BHS e * AR

£~ o

FTRE RS T
1T ST R
2.2GHz - 8.5GHz #f

oo

T R
PRI RE B F R
[ R
b et iR AR B £
WAL~ AR H

g o

7R %R ACMA

ACMA ;}h & ﬂ#g”}dﬁ ¥ KR M2M Jode B3 e chg | AT *ﬁ?ﬁ»ﬁi}ﬂ—

b B AT AR COIE B R AR > ERGLT e - A R e T
oo 4B AR E BRI AT G K ACMA 23 587 B e

L& > bldogr WRC-19 < ¢ o
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(=) A

1~ o

\\ﬁr
ol

ACMA *t 2016 & 10 * = 4 ;®;+ 2016 3 2020 # = FYSO™ »

‘\t
Jrk

RSPG £ Ofcom e s % 4 > % loT#i3# R i % » 5 N e
A5 > 4o 3-31 A1 o

Dedicated spectrum Shared spectrum

Wide-area coverage Short range, clustered connectivity
| —
Quality of Service management Best efforts Quality of Service
| ||
Optimised for long battery life
—

Good in-building penetration/coverage

2, T00MHz 2.1GHz 433/434 MHz 915-928 MHz 2.4 GHz
g 2 850MHz 23GHz 915-928 MHz 5 GHz
S S 900MHz 2.6 GHz 400 MHz &

1800 MHz 3.4-3.6 GHz 900 MHz fixed

point-to-multipoint

W 3-31: i loT 4%

A kR - ACMA, based on Ofcom model 2015, updated for Australian spectrum band

plans.

EP MR REREET RIBRE o TR R EIE LTE-M
NB-loT % gep ) i > ¢ 45 700MHz ~ 850MHz ~ 900MHz ¥ 1.8GHz #§

'

BEBR - ek o B R SRR R4 LORA 3 > % A S

LA

433/434MHz £ 915 3 928MHz #f & & o

155 ACMA (2016), Five-year spectrum outlook 2016-20, http://www.acma.gov.au/theACMA/five-year-
spectrum-outlook-2016-20 (last visited: 2017/6/15)
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EEFHMEEFE Y RBERE R R ES

i

P - B RBRERE

~

HeY &% HFpide ZigBee & » - B RIBPERA T ET E - L * F i
R FAR AR Y R R A - SRR YRR S
2.4GHz ¥# 5GHz #f £ o

P e $3F 5V & 10T ot g TR > 6ldoF 5 10T ot @ % 4
FPBAEGE > E R R P PR TR R R T 4 10T e
B PRS- o ¥ — B b+ AR * FRBARF G 10T > GldcBERG 78 R i
PR F MR TG ETR R HE o ARG THEE EH
HpefFHE o

FET NOT * #ggulfeig * 2 N anE X L B o loT B % aof e D~
T g- BYRAEH hfFA3 K o 10T 4w 3 7 & 7 b ohpd U FI N
FPA R MET R RSP EDN L ZRE > TV LA FF
Flgt > ACMA & & & %’“#%ﬁéﬁaﬁﬂ%fé C URE TR AR MM e B 30
B4R ATE R 2B o B AR NGERIEAEH S A ACMA # g § 12
- BELR PR ERWEH B FARRZET N F 23 i
fed o F]gt x2bery RRE RS ?%75’5? VLR R o

R4t L s MBichp ik F e loT & * > B % 900 MHz #f
BoerrkiEe & 2 ACMA # 4R 803-960 MHz 4F < ci— 304 o ¥ 4% 3F
HFTRALFATE R - ACMA & BintiPinbisy % ¢ 324 & 1t
LRI AIE OT APM Y o BRARIIAR 2 e 4 € & 2021 &
ZmF R E G ETG PRI E i ET > BRI

TE xR ERD
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ACMA *+ 2009 & 10 * % # TS 3|tz 216, 2 4 30
fic 5.850-5.925 GHz #7 £ it b 34 A7 K18 5 & SL(C-ITS) B e iE - 1
G RB WG 2V P HE S 7 % o ACMA 325 iR 5l
» C-ITS &% BiEe LF Rl & F ? =35 o 1L RsE C-ITS &2
T S auEHE R c ACMA J2F] 12 R Aw o T v Rt EF A
5.850-5.925 GHz #7£.51 » C-ITS e 2k » %4 ¢ * % & R A

s—= 22 o2 /1.

FAaMpHE R ITS /I E R &m@ﬁi&lﬁzﬁa s imE el
Je* o C-ITS B2 248 (V2V) &8 A A% % (V20) i >
& 3£ 5.9 GHz #g gL en% * fmpedpid 7 (DSRC)

B C-ITS 2 ¥ 7 2009 # B 44 B { 38— 4 e R ) 2o
WRut i C-ITS Fjbrenf s frdx * o )t  F ACMA # 3§ p% C-ITS

AEARP feRE g E > & AR ER CIITS sk - 2014 & 4 % >

P FEEpERN ITS ?'\;Eﬁ*é«@ﬁi%] #1242 ¢ (Austroads )
ACMA 3 %2 — (7334 2009 #:tsh~ &7 spR P 3EenE L 0 TR £ 57
gz 5.855-5.925 GHz #f £ (5.9 GHz #5£0) g * »+ C-ITS & se2 33|

T

ACMA 2009 # it < # » 3 & ¥ 5 5.850 GHz 3] 5.925 GHz
BEE > Pl 2 R BA- BB A feis CAITS o 2m s b - 4w §_
A 0 C-ITS 44 # & 5.855-5.925 GHz #F £ 8278 2 Ffrfe ' 48 &

1% ACMA (2009), Planning for intelligent transport systems, Proposals for the introduction of intelligent
transport systems into the 5.9 GHz band in Australia,

http://www.acma.gov.au/~/media/Spectrum%20T ransformation%20and%20Government/Report/pdf/Planni
ng%20for%20intelligent%20transport%20systems%20Proposals%20for%20the%20introduction%200f%2
Ointelligent%20systems%20int0%20the%2059%20GHz%20band%20in%20Australia%20Discussion%20P
aper%200ctober%202009.PDF (last visited: 2017/11/29)
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FRGfpE ST ak > L AMEF R 5A- X8 o ACMA 1245
Austroads fr B 287 @ 1 ¥ 2 ¢ ( Federal Chamber of Automotive
Industries, FCAl) eruEk » -4 B * 3 5.9 GHz 45 f~ ch C-ITS £
B F] 5P A R e BRI A o R B ST o Bt 0 ACMA
4 & 4§ 2 5.855 GHz 4= 5.925 GHz #g £~ a5 ﬁ%@ﬁi&l kS e B
ek A kG FE > 4 €% g#Hoe 1 5.850-5.855 GHz il pe ¥ o

%y ETSI EN 302 571 ¥4 2 > goor 222 C-ITS e sg fie &
Y1 E TG PRI 5.9 GHZ A & H rfiT i@ * HE 5 cnfiR4e T B 3-32 ¢

Europe (ITS) I I l I

Australia (embargo) I I

FSS (satellite uplink) [
Fixed Service (1st [:
interleave channel)
Fixed Service (1st I—_—]
main channel)

LIPD & ISM

CEN DSRC tolling |j:|

w w w w w ['e} [Tad o 0n w w v w n v 72 1ol n wn w
~ w b= o - ~N [v] =+ v w0 ~ @® D =3 - o~ ™ - el O~
w w w w w w w w n w w wn w w v w wn wn w w w

W 3-32: RN CITS#HEFmpE

7R %R ACMA

ma C-ITS ‘}’/‘-‘fi’fﬁp ¥irx kit 59GHz AF 2 238 > ¢ & F

TR ERE o UTRAE NS o
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(1) A=fwmh Fix

7 ¥_{Fwh ¥ 73 (Fixed-satellite service, FSS) » 4+ %] §_FSS i & 4 =
GBI E S 59 GHZ A Ed o pHRM b Br LT 16 B
FSSF+# 34 B o FSS 2 & & vt 5.9 GHz #g F~ &2 5.9 GHz 4p a8 70 £ »
Haxmirhkoit 15 B > @AY (T PR T » 2 X 5004 o
g 13 15 B o FSS A 5.9 GHz # £ /i # i3 5 4 35 6 (P S o™
w3

ETSI CATS | I | |
FSS (satellite uplink) [ Tl
v o o O (2] ("] o ("2 (2] v O v o el T2 L 2] O o ["2]
KR RREZ &I 888G R I a8 8 3 &8 &8 5
(2] ("2} ("e] L] w w w ("2 ] w ("2 ] ("2} w w L 2] w ("] ("2]

|:| Launch support operations (elevation angles of <15°)«

B 3- 33 : FSS & 5.9GHZ 47 & ¢4 S8 (47
FAL KR © ACMA

C

2009 # 343k < 2 § 343 C-ITS %+ FSS» 2 % FSS 4 C-ITS -+
BV oAl L FNE% 0 CITS $F FSS > b *a 224 14 - ECC
Report 101+ & 3% i%— prgk » 577 5 C-ITS % FSS e+ 4E b "% Ak 5
S TR EE g o 4B K B > FSSH C-ITS eh* 35 — Tshh 'k 0
PR - B GE CITS &2 FSSHgl & 3 chfye » H P o 45

157 ECC Report 101, COMPATIBILITY STUDIES IN THE BAND 58555925 MHz BETWEEN
INTELLIGENT TRANSPORT SYSTEMS (ITS) AND OTHER SYSTEMS,
http://www.erodocdb.dk/docs/doc98/Official/Pdf/ECCRep101.pdf (last visited: 2017/11/29)
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® C-ITS @s%“ﬁ“ﬁ I FSS 3 G sb w2 > L TG IRIFF 4R o
° *,s FSS sht AAF B fie B ATe0 FSS E5RpEF 0 3 T U
v CTS i+ 48 -
@ 3 EFEFFECITS ART R #3853 548> U 3Z
IR B ORDEIRT 0 o € LFATFSS #Ehin g o
® LifAlFnT o R*- 22 mlig#]%].rﬁ\f% A A A FT
FSS ¥ i =k % 8 67 & [ 3 15 B chF e £ ] o o
FSS 3 & =k C-ITS . 1¥ 3k # (road side units, RSU) ~ 1 & i3
FoaEH AR FER I - 2L Ry 2R Hw

R 5 FSS B g dhen X RIF A )3T 15 R iR SRR (T

AR M £ #9202 5.9 GHZ4E 3| ~ C-ITS » 45w 7 it § *L4] FSS ¥
FrAKRBF R PR 405 CITS R A HiFL Bl ¢ 5
t B e & + 3 (aggregate interference) o

ECC Report 101 #£i# 1 C-ITS o # % suz2 B £ 5.9 GHz 47 £ e
FHFT UL RRE TR ARAEA L
51~ C-ITS ¥ g2 FSS el 7 - Bl > Ly RN ERHE R
#¥z C-ITS %t FSS ik [k Sverv ap + 4§ o

5.9 GHz #7 £

(2) Pl Tm KAt

B R R E IR e > oz R C-ITSHEH4p a8 » 2 ¢ 4 6GHz
#p e — 2 Gl S (interleaved channel)#: C-ITS £ 5.915-5.925GHz #7

228



BRI Ed o P g £7% A(Gold Coast)fo# 2 #7371 (Brisbane)2. &
F0 T RAAE o B XA R ESY - B & 5.9 GHz 4 £

ETSICATS | - | |
FS 1stinterleave l:
o w w o ["2] 179 o w w w 'ed w w W O "] (T2 w w
- w o .- ~N ™ - (2] @0 r~ 8 o o ) g o~ ™ - O (7] r~
" N R ® ® ©® W @ O ® ® W H O O O o O 0 D
w v w v v v w w w w [T} wn w wn v ("s] v w w

I:l Safety & control
[:I Non-safety messaging
|_| Future C-ITS applications
W 3-34: B2 | ML 59GHZ I 8 * 35
FH &R © ACMA

2009 #3tim > e 3t CoITS & AL ERE IR hF F i1t
GARA R AR AT PR AMRERY CIATS 2 F A mF F a7 i
MLid o Ra o 0 B ERR AT R AU TR T o F TR

S ETH 6GHz AE H % — A i i (main channel) C-ITS 2. & e+ 3£+ 5t
MErE P R A o ACMA # 11— &t i2ie C-ITS 2 6GHz #f £ 7]

}

EMEFNE T > HP o

® AT & 6GHZ HFE % - LRAE e R guER -
B 4e C-ITS th+ 4 53 -
® C-ITSHE=X kp FLEMEIP A2 6GHz #f F e+ 3 -

229



SR EEH T F A S I > 0 s & 5.925 GHZ 47 £
renERE RG> 2R CAITS K & h2he & (unwanted) s 8434 ¢ 3R & 1
*+-65 dBm/MHz -

(3) ISMAFELfi # it s T 3f 3% &
C-ITS 5.9 GHz # £ ¥ 15.725-5.875 GHz #f3¥ 82 1 ¥ » 4 o ¥ %
( Industrial, scientific and medical, ISM ) #g £ & & > 1345 2013 & R b
AEAE ¥ 3+ & B ré(international footnote) % 150 i1 » A ISM 45 T4
BEREFNERATEBRXRAELERER ISM *irg2ehiziey 2 +4f
5.725-5.875 GHz #F & % 7 ISM A B fs * 2 #h » 37 Bl 4 4549
% 2015 e EO B LM FE ERTE R KA (Low Interference
Potential Devices, LIPD) - #pRBEK % & 35 % & & /& 38 B (wireless
local area networks, WLAN) #32 # » 17 % H o 598 4482 % o LIPD %
P G P o 1345 LIPD SR RE (FHk 47 € X TP FE ik
oo A F DR o R EI YR LIPD S RE (TR g 2 o
$F EH I L 3E o ETSI C-ITS ~ ISM ~ LIPD e 2 e fc 3
(tolling) 747 & 4 # 4™ ) 3- 35 ©
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Mitigating Interferences from Mobile Satellite
Services to Facilitate LTE Services

Fang-Chang Kuo and Chih-Cheng Tseng’
National Ilan University
Taiwan
* tsengec@niu.edu.tw

Abstract — An LTE band in a country may be interfered by
the Mobile Satellite Services (MSS) of another country. In this
paper, we propose an approach so that the LTE system can
tolerate the interference. In order to cope with the increasing
demand of LTE services, more and more spectrums are defined
for it. However, some parts of the LTE bands may have been
used by satellite services. The interference problem between
the two systems would be very difficult if they belong to two
different countries. For example, the footprint of Japanese N-
STAR MSS also covers some areas of the neighboring
countries. In order to make the interfered band available for the
LTE systems of the neighboring countries, we propose a DOFS
(Downlink Only Frame Structure) approach. It treats the
interfered band as a secondary carrier of licensed primary
carricrs and cmploys a standardized frame structure to transmit
only downlink traffic on this band. We evaluate the feasibility
through ficld mcasurement and a popular commercial
simulation tool at an interfered tourist spot. The results reveal
that, for most of the evaluated zone, the SINR values are
qualified for high efficient 64QAM transmission. We hope
such an approach is also applicable in other countries with
similar problem.

Keywords — MSS, LTE, LAA, DOFS

L INTRODUCTION

A. Moltivation

The rapid progress of mobile broadband devices and
multimedia services have created a demand for more radio
spectrums. To meet this demand, more and more bands are
assigned for modern terrestrial mobile services (TMS), the
LTE/LTE-A. However, some of the bands have been assigned
for other applications. For example, Figure 1 illustrates that
the Band 7 and 41 assigned for LTE overlap with the S-Band,

UL: 30MHz

2620-2630MHz §
DL: iz :

LTE
Band 7
FOD

2500MHz 2690MHz
‘Q‘Uplink : Terminal to Station &Downlink : Stationto Terminal
Figure 1. Overlapping of S-band and LTE bands.
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which is at 2505-2535 MHz and 2660-2690 MHz, used by
mobile satellite systems (MSS). More serious is that, because it
is difficult to accurately control the footprint of an MSS, the
footprint may cover some areas of neighboring countries and
cause interference.

In this paper, we propose an approach to efficiently utilize
the L'TE band that is interfered by an MSS of another country.

B. Interference between TMS & FSS belonging to the same

country

Satellite services include Broadcasting Satellitc Service
(BSS), Fixed Satellite Service (FSS), and MSS. Nowadays,
however, some satellite service spectrums are also defined for
the TMS, and the interference should be studied as a result.
Interferences can be permissible, acceptable, or harmful, where
only the harmful ones will be negotiated by the concerned
countries. Before the advent of the LTE, the ITU-R report
M.2041 addressed the sharing band compatibility between 3G
terrestrial IMT-2000 and satellite IMT-2000 MSS [1]. In order
to facilitate examining the interferences systematically, various
interference paths are categorized into four main types. They
are shown in table 1 of the report. We rewrite the table by
substituting LTE for terrestrial IMT-2000, and then illustrate
the four types in Table 1 to facilitate discussing the
interferences between the LTE and MSS in this paper. For
example, the type A concerns with the interference where the
wanted LTE up and down links are interfered by the MSS
down link.

So far, related literatures usually focus on discussing the
co-existence of LTE and satellite systems belonging to the
same country. For example, the co-existence of the LTE and
FSS using the band 3.4-3.6 GHz in China was discussed in [2].
The analysis results reveal that the LTE frequency offset from
the edge of the IF'SS channel should be above 10MHz for
downlink, and above 5 MHz for uplink. If the LTE is an FDD
system, the FSS operation band had better to be assigned
adjacent to the uplink of the LTE. Besides, about | Km
protection distance is also required.

Table 1. Types of interference paths between LTE and MSS

Interference path MSS downlink MSS uplink
LTE wanted, A B

MSS interfering

LTE interfering, D C
MSS wanted




Figure 2. Footprint of JCSAT-5A/N-STAR D on Ku-band.

In [3], the authors discussed the scenario where the L'TE
band 2010-2025 MHz is just aside that of a Chinese MSS with
uplink band at 1980-2010 MHz and downlink band at 2170-
2200 MHz. The interference impact was evaluated using a
specific Monte Carlo method. They pointed out that, because
there is insufficient isolation between the two systems, the
LTE uplink suffers a considerable amount of interference from
the MSS transmission.

In [4], the band 3.4-3.6 GHz is considered to be used for
LTE Hotspot/indoor (LTE-Hi). When considering the co-
channel interference from LTE-Hi BS to FSS Earth Station, a
protection distance of about 700 m is enough for coexisting. If
the frequency offset is 5 MHz, the two systems can coexist in
adjacent channels. When considering the co-channel
interference from LTE-Hi UE to FSS Earth Station, a
protection distance of 350m is enough to guarantee the
coexistence. When frequency offset is SMHz, the two systems
can coexist in adjacent channels without protection distance.

The authors of [5] also discussed the coexistence issue, but
in the 2 GHz band, by carefully examining the four
interference path types listed in Table 1. They concluded that
uplink frequency sharing is not feasible, while downlink
frequency sharing is feasible for pedestrian microcells and
vehicular macrocells, but not for the wider rural cells.

C. Interference between TMS & MSS of different countries

An MSS system plays a significant role in extending the
coverage of TMS. For example, the MSS may provide mobile
services for both the entire territory and territorial waters. It is
also very useful in urgent disaster situations, such as tsunami or
earthquake.

Take Japan as an example. Because she owns a lot of
islands scattered in a very wide range, her WIDESTAR II MSS
also plays a very important role for maritime purpose [6] [7].
The links between the mobile stations and the two
geostationary satellites, N-STAR c and d, use the S-band as
shown in Figure 1. This figure also illustrates that the S-band
overlaps with LTE bands 7 and 41. The two satellites employ
four beams to cover the service zone that includes Japanese
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islands and a very wide range of territorial waters. As far as we
know, the footprints of S-band of the N-STAR ¢ and d are not
available in public due to some reasons. However, as shown in
Figure 2, the footprint of the Ku-band of N-STAR d can be
regarded as a footprint profile that covers the territory and
territorial waters of Japan. Inevitably, the footprint also
includes part of territorics of neighboring countries. Aside
Taiwan, for example, there are many Japanese small islands,
where the closest one is only about 100 km apart. The whole
Taiwan is included in the footprint as a result. Half of South
Korea and part of Russia are also included in the footprint. An
LTE eNB usually also provides service for the sea area close to
the coast. As a result, according to Figure 2, the satellites also
interfere part of the sea areas of China although the
interference is not as strong as that in Taiwan or South Korea.

In World Radiocommunication Conference, Geneva, 2007
(WRC-07), the co-frequency issue mentioned above was also
coordinated between Korca and Japan, and the resolved results
are included in the Final Acts WRC-07 to specify the power
limits, angle of satellite antennas, and other parameter values
[8]. However, nowadays, any of the interfered countries is still
unable to use the interfered LTE spectrum without the
interference coming from the WIDESTAR I MSS. As aresult,
it is important to discuss how to utilize an LTE band interfered
by the MSS of other country. To our knowledge, this issue has
not been discussed in literatures.

In this paper, by taking Taiwan as an example, we propose
an approach to utilize the interfered LTE bands in the countries
interfered by Japanese WIDESTAR-II MSS.

This paper is organized as follows. The idea of the
proposed approach is described in the next section. In Section
[II, we describe how to measure the interference that the
proposed approach needs to conquer. Then, in Section IV, by
taking a tourist hot spot as an example, the performance
evaluation is made based on practical implementation
parameters. We also evaluate the performance by using a
simulation tool in Section V. Finally, conclusions and
discussions are made in Section VI.

II.  LAA AND THE PROPOSED DOFS APPROACH

A. Interference model

What we want to discuss in this paper is the performance of
the LTE interfered by an MSS belonging to another country.
Under such a scenario, there is no interference of type B, C,
and D listed in Table 1 because it is illegal to use Japanese
MSS mobile earth station (mobile phone) in the territory of a
country other than Japan. As a result, we only need to consider
the type A interference model as shown in Figure 3.
Furthermore, although there are four interference paths of type
A, we do not need to care about the interference paths A3 and
A4 because there is no terrestrial repeater of Japanese
WIDESTAR-II MSS in Taiwan. What we need to care about is
the Al and A2 interferences coming from N-STAR c/d
satellites. Among them, because of the low uplink transmission
power of UEs, the A2 interference endangers the uplink
performance of LTE system more.
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Figure 3. Model of type A interference coming from MSS to TM.

In order to avoid the A2 interference, in this paper, we
suggest apply this coexisting LTE band for only downlink
transmission without uplink. Therefore, the A2 interference has
no effect on the L'TE. With this approach, the coexisting LTE
band is regarded as a supplementary down link (SDL) of a
primary component carrier by using carrier aggregation (CA)
technique [9, 10]. Now, what we need to confirm is whether
the Al interference, which is the one coming from N-STAR
c/d to UE, is an acceptable interference for the proposed
approach. We will evaluate the feasibility by taking a tourist
hot spot in Taiwan as an example, and show that most of the
zone can even support 64QAM downlink transmission.

B. LAA (License Assisted Access)

In TS 36.211 Release 13, 3GPP defined three frame
structure types for different operation systems [11]. Frame
structure type 1 is only applicable to full duplex and half
duplex FDD. The uplink and downlink transmissions are
separated in the frequency domain. For each 10 ms interval,
there are 10 subframes available for downlink and uplink
transmissions, respectively. The frame structure is well known
and can easily be found in public, and therefore is not shown
here.

As for the TDD, it should use frame structure type 2, which
is illustrated in Figure 4. With respect to this structure, there
are seven uplink-downlink configurations as shown in Table 2.

One radio frame, 307200T, ~ 10 ms

N R

ne half-frame. 153600T, ~ 5 ms
-

N/

30720T,
-

| |

—_—

Subfram #0 Subfram #2

1

Subfram #3 [ Subfram #4

clojc|clolc|clelel

In any of these configurations, each of the 10 subframes is
indicated as U (uplink), D (downlink), or S (special). In a
special subframe S, there are three time slots, namely DwPTS
(Downlink Pilot Time Slot), GP (Guard Period), and UpPTS
(Uplink Pilot Time Slot), as illustrated in Figure 4. Although
not shown as a table in this paper, there arc 10 configurations
for the durations of these three time slots, where the duration of
UpPTS also depends on whether using a normal cyclic prefix
or extended cyclic prefix.

The next is frame structure type 3. It is applicable to LAA
secondary cell operation with normal cyclic prefix only. This
structure is similar to that of frame structure type 2 shown in
Figure 4 and Table 2. However, it is not illustrated as a figure
in TS 36.211. In the frame structure type 3, the downlink
transmissions occupy one or more consecutive subframes.
Downlink transmissions start anywhere and end at the last
subframe. The last subframe can either be fully occupied with
downlink data or follow one of the DWPT'S durations that are
defined for frame structure type 2. Most important of all, note
that there can be only down link subframes in the frame
structure type 3. This structure will be used by our approach.

The idea of the SDL mentioned above is related to the LAA
that allows low power Small Cell (SC) to coexist with the Wi-
Fi ecosystem so as to use unlicensed spectrums. To do that, the
CA mechanism can serve for the scenarios where the
unlicensed carriers are operated as secondary carriers
associated to the existing licensed LTE primary carriers. Figure
5 illustrates the idea of CA, where the secondary carrier
transmits only downlink traffic as an example.

As mentioned above, the frame structure type 3 can be set
as a special format where all of the 10 subframes within a radio
frame are used for downlink transmission only. For the sake of
convenience, such a structure is named DOFS, which is the
acronym of “Downlink Only Frame Structure,” in the
following of this paper. Figure 5 is also an illustration for

| A
e ot X
One subframe, | | \
. ‘ \ \
30720 paprs GP o UpPIs
\—F————/
Subfram S

‘:,A,

Subfram #3 ! i Subfram #7 I Subfram #8 ’ Subfram #9 }
Vo
\ \

L
DwPTS GP UpPTS
\_ﬂ__/
Subfram S

Figure 4. Frame structure type 2
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Figure 5. Carrier Aggregation for Primary carrier and secondary carrier,
which is used for downlink as an example. The primary carrier may
operate at (a) FDD mode or (b) TDD mode.

employing DOFS, where the secondary carrier is used for
downlink only.

C. Proposed DOFS approach

In order to manage the interference for the regions
interfered by N-STAR c/d, we propose to apply DOFS for the
LTE bands that overlap with downlink band of N-STAR c/d. In
the following, we name this method as “DOFS approach.”
Another reason for employing DOFS approach is that most of
the LTE users need higher downlink throughput than that of
uplink. The downlink throughput obtained by the DOFS
approach at the interfered band can meet the extra requirement
for downlink throughput. By taking an interfered zone in
Taiwan as an example, we study the feasibility of applying
DOFS approach in the coexisting frequency band. With DOFS
approach, we expect the interference from the N-STAR c/d is
an acceptable interference, and thus the coexisting frequency
band can be utilized by L.TE networks.

III.  FIELD MEASUREMENT OF MSS INTERFERENCE

At first, in order to assess whether the proposed DOFS
approach can operate properly, we measure the signal strength
of the N-STAR c/d signal. It will be regarded as the
interference of DOFS approach. The measured MSS signal
strength is the linear average of the downlink signals across the
channel bandwidth, which is 30 KHz per channel for the N-
STAR c/d.

We choose a 90-meter-high building close to a tourist spot,
namely CKS memorial hall, in an interfered city, Taipei,
Taiwan. The signal strength of N-STAR c/d downlink band for
the 2500 ~ 2535 MHz is measured on the top of the building so
as to receive the stronger and clearer MSS signal. The elevation
angle of the antenna is set to 59.1°, with which we can obtain
stronger N-STAR c/d signal than the mobile phone that is
usually held more vertically. The RSRP is measured as —113
dBm in average, with only four peak values higher than —104
dBm. We convert the —104 dBm, which is measured over the
30 KHz bandwidth of a N-STAR c/d carrier, into —107 dBm

over the 15 KHz bandwidth of the LTE subcarrier (LTE RSRP).

Then, the —107 dBm is regarded as the target interference
strength that the LTE downlink signal needs to overcome. In
the next section, we will use this value to evaluate the SINR of
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Table 3. Lookup table for mapping minimum SINR to modulation
scheme and coding rate.

.CQ[ modulation ST.NR(dB Code rate Spegtml

index estimate efficiency
1 QPSK -6.7 0.076 0.152
2 QPSK —4.7 0.12 0.234
3 QPSK 23 0.19 0.377
4 QPSK 0.2 0.30 0.601
5 QPSK 24 0.44 0.870
6 QPSK 4.3 0.59 1.175
7 16QAM 5.9 0.37 1.476
8 16QAM 8.1 048 1.914
9 16QAM 10.3 0.60 2.406
10 64QAM 11.7 045 2.730
11 64QAM 14.1 0.55 3.322
12 64QAM 16.3 0.65 3.902
13 64QAM 18.7 0.75 4.523
14 64QAM 21.0 0.85 5.115
15 64QAM 22.7 0.93 5.554

the proposed DOFS approach. Here after, signal strength is
expressed based on 15 KHz bandwidth of the L'TE subcarrier
by default.

IV. PERFORMANCE EVALUATION BASED ON PRACTICAL
IMPLEMENTATION PARAMETERS

In this section, we evaluate the feasibility of the DOFS
approach at the coexisting band based on practical
implementation parameters.

In Taiwan, the minimum RSRP requirement for outdoor
coverage in an urban area is usually set to about —95 dBm at
the middle of a road. With this requirement, the RSRP at a
place with shadowing would not be too low. On the other hand,
if the RSRP reported by a UL is less than -104 dBm, it might
be switched to a neighboring eNB with higher RSRP.
Nevertheless, these two values are operator dependent. As
mentioned above, on the top of the 90 meter building, most of
the RSRP values of the N-STAR c/d signal are less than —107
dBm. Thus, the corresponding SINR for the outdoor coverage
area is more than 12 dB if only the N-STAR c/d interference is
taken into consideration. According to Table 3, which suggests
the mapping between SINR and modulation scheme [12], this
value is higher than the reference minimum requirement for
64QAM for an LTE system. Thus, from this point of view, the
proposed DOFS approach at outdoor areas can work well under
the interference from N-STAR c/d. As for the indoor space, the
N-STAR c/d interference comes from the sky, while a layer of
cement roof or floor can cause an attenuation of at least 15 dB.
That means the interference coming from N-STAR c/d would
be quite acceptable at the indoor space within the coverage of
an LTE eNB or a small cell eNB. Therefore, we only care
about the performance at outdoor area in the next section.

V. PERFORMANCE EVALUATION BY USING SIMULATION
TOOL.



Figure 6. The zone for performance evaluation (with 3 eNBs).

In this section, we verify the coexistence performance by
simulation tool, namely Atoll [13]. This tool uses clutter maps,
which are also referred to as morphology maps, and 3D
building vector maps with a high resolution of 5 m. It also uses
the state-of-the-art CrossWave propagation model to evaluate
path loss, signal attenuation, and frequency reuse [14]. The
indoor penetration, clutter usage, and topographical terrain are
also taken into consideration.

1) Parameter Settings
In Figure 6, we show a 3675mx1765m region with the

‘lable 4. LTE link parameters

Ttems Link parameters
System Access scheme OFDMA
Frequency [MHz| 2510-2530
Bandwidth [MHz] 20
Building penetration loss [dB] 18
Propagation model CrossWave
eNB:
Sector power [W] 2x20
Sectors 3
RRIT noise figure [dB]* 2
Feeder loss [dB] 0
Jumper loss [dB] 0.2
RBS antenna gain [dBi]* 18
Cell range precision [m] 5
UL min. Power (Rx target) [dBm] -110
UL max. Power (Rx target) [dBm| -90
Path loss compensation |

* RRH: Remote Radio Head,
RBS: Radio base station

tourist hot spot, the CKS memorial hall, at the center.
Surrounding the hot spot, there are three LTE eNBs, each with
three sectors (transmitters). The directions of the nine antennas
are also indicated. Other farther eNBs are not simulated. This
figure indicates buildings by black border shapes, roads by
gray, water pools by purple, and the other outdoor areas by
green or light green.

In order to evaluate the feasibility of the proposed DOI'S
approach based on the existing eNB infrastructure, the RSRP
for the frequency interval 2510-2530 MHz is evaluated based
on the current site database of the three eNBs. The data
includes the antenna parameters such as positions, heights,
azimuths, down tilts, and powers. In Figure 7, the rough zone
covered by the three eNBs is indicated by a polygon, where the
performance will be simulated.

The parameters for the LTE and N-STAR MSS are listed in

Table 5. MSS link parameters

Items Link parameters
System Access scheme FDMA
Downlink Frequency [MI1z] 2510-2530
Bandwidth [MHz] 20
Transponder power [W] 288
Scetors 1
RRH noise figure [dB] 0
Feeder loss [dB] 26
RBS antenna gain [dBi] 18
Propagation model CrossWave
Building penetration loss [dB] oo
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Figure 7. RSRP distribution when employing only the DOFS approach for the LTE eNBs (without N-STAR),

Table 4 and Table 5, respectively. We also simulate the
interference coming from the N-STAR c/d. However, the
maximum antenna height of the simulation tool is 10000 m
because it is designed primarily for ground-based wircless
systems. As a result, we simulate the N-STAR c/d by
employing an antenna on top of the zone with height 10000 m
and down tilt 90°. The transmission power is set to 288 W so
that the received signal strength at ground level can be —107
dBm. The building penetration loss of MSS is set to infinite
because we only want to evaluate the performance at outdoor
areas.

2) Simulation Results

Figure 7 also shows the RSRP over the polygon zone when
employing only the DOFS approach for the LTE eNBs. The
mean and standard deviation of RSRP are —97.63 and 15.30
dBm, respectively. As for the corresponding SINR, where only
the interferences from the other two eNBs are considered, the
mean and standard deviation are 15.15 and 6.10 dB,
respectively. According to the legends, almost all of the
outdoor areas enjoy satisfactory coverage with RSRP higher
than —100 dBm. This value is higher than the —104 dBm,
where a UE may be switched to a neighboring eNB. Only very
few outdoor areas are indicated by yellow, which means
marginally acceptable RSRP values between —110 and —100
dBm. The main reason for having such marginally acceptable
values of RSRP in these areas is that the signals from the eNBs
are blocked by huge buildings. The areas with poor RSRP are
indicated by red (=120 =RSRP < -110 dBm) and gray (-200
= RSRP < —120 dBm). Fortunately, most of these areas are
indoor spaces. As we have described in section IV, the
interference coming from the N-STAR c/d is negligible at the
indoor space. It is inevitable to have outdoor coverage holes.
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Nevertheless, these holes may be served by other macro or
small cell base stations.

We also simulate the scenario with only N-STAR c/d
satellites to make sure the simulated satellite can provide a
coverage of about —107 dBm RSRP at ground level for the
outdoor area. However, because the obtained simulation result
is very plain, the figure is omitted to save the layout.Figure 8
shows the SINR for the coexistence scenario where the N-
STAR c¢/d and the LLTE with DOFS approach usc the same
frequency band. The corresponding mean of the SINR,
including indoor areas, is 14.96 dB with standard deviation
6.07 dB. These values are very close to that without N-STAR
c/d. That is to say, the N-STAR c¢/d has only little impact on the
LTE with DOFS approach. The histogram of the SINR is
shown in Figure 9, where the x-axis represents the SINR in dB.
According to the legends, the SINR is higher than 10 dB for
about 88% of the zone. The histogram includes indoor arcas. [f
the indoor areas are excluded, and only outdoor areas are
counted in, the percentage would be higher. According to
Table 3, the SINR value 10 dB is very close to the requirement
for CQI index 9, which has the highest spectral efficiency
when using 16QAM. Besides, most of the outdoor areas even
have SINR values higher than 11.7 dB, which is the minimum
requirement for 64QAM and CQI index 10. Also note that no
outdoor area is indicated with red or orange, which corresponds
to SINR less than —0.16 dB. Even so, it is still much higher
than —6.7 dB, which corresponds to CQI = 1, the minimum
requirement to be in coverage. The data obtained by the
simulation tool confirms the results shown in Section IV,
which are obtained through practical implementation
parameters.



Figure 8. SINR distribution when applying DOFS of LTE with the interference from N-STAR c/d.

POSCH C/{1IN) Level (DL) (4B}
Figure 9. Histogram ol the SINR when N-STAR ¢/d and DOFS of LTE
coexist

The simulated polygon is only a rough coverage zone of the
three eNBs. Indeed, the borders between service zones of eNBs
are not clear, especially in an urban arca. Although there are
some outdoor coverage holes, it is quite possible that the holes
can be served by other neighboring eNBs or small cells that are
not included in the simulation.

According to the results shown above, we may say that the
interference induced by N-STAR c¢/d is quite acceptable by the
LTE with DOFS approach at the outdoor areas. As for the
indoor space, the interference is even more acceptable because
of the attenuation caused by the roofs and floors. Therefore, we
may conclude that the DOFS approach works well as long as
an LTE device can be served by an eNB.
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VI.  CONCLUSION AND DISCUSSION

In this paper, we proposc a DOFS approach for the LTE
system in one country so that it can tolerate the interference
from the MSS of another country. This approach employs the
standardized LTE frame structure type 3 and set it to transmit
only downlink traffic. That means we treat the interfered band
as an SDL of a primary component carrier. As first, we explain
its feasibility based on practical implementation parameters.
Then, we evaluate the feasibility by employing a famous
commercial simulation tool, namely Atoll. The simulation
results not only suggest the feasibility, but also reveal that most
of the areas are qualified to use 64QAM. With the proposed
DOFS approach, LTE mobile users could have better user-
experience with the downlink throughput. The DOFS approach
may be technical, however, it is also related to economics.
Liberating an LTE band from being interfered by the MSS can
have a direct contribution to the national coffer when the band
is sold for a good price at the auction.

More and more spectrums are being allocated for the
growing LTE mobile systems to cope with the increasing
demand. However, many of the spectrums have been allocated
for satellite communications already. As a result, the problem
dealt in this paper may happen in other countries now and in
the future. We believe such an approach is also applicable in
other countries with similar problem. If the obtained SINR is
not high enough, it can be improved by installing more eNBs
or increasing the downlink transmission power.
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178 Rysavy Research (2017), LTE to 5G: Cellular and Broadband Innovation, at:54, available at:
http://www.5gamericas.org/files/6415/0282/1551/2017_5G_Americas Rysavy LTE 5G Innovation Fin
al_for_Upload.pdf

179 Rysavy Research (2017), LTE to 5G: Cellular and Broadband Innovation, at:54, available at:
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al_for_Upload.pdf

355



http://www.5gamericas.org/files/6415/0282/1551/2017_5G_Americas_Rysavy_LTE_5G_Innovation__Final_for_Upload.pdf
http://www.5gamericas.org/files/6415/0282/1551/2017_5G_Americas_Rysavy_LTE_5G_Innovation__Final_for_Upload.pdf
http://www.5gamericas.org/files/6415/0282/1551/2017_5G_Americas_Rysavy_LTE_5G_Innovation__Final_for_Upload.pdf
http://www.5gamericas.org/files/6415/0282/1551/2017_5G_Americas_Rysavy_LTE_5G_Innovation__Final_for_Upload.pdf

—4,:@%]}?]&3;4“6 * gu%*iﬁggﬁjg; (V,J
1GHz M T HEEL S 2)
SIGFOX PrEEFRR Mg s M E o @ SIGFOX
—4,:@%]}?]&3;4“6 * gu%*iﬁggﬁjg; (1
1GHz M T HEEL 5 2)
Ingenu PrEEFRR Mk s M F o @ Ingenu
#iE o R 4o ¢ * L RAEE 2.4GHz
14 F 4 e 2 IEEE
802.15.4k

F# kiR - Rysavy Research (2017)

SHFFHMRrRATERIARE

AFPTZFAFRERGHMEE ~FE - BFRE AR R RHH -

BIFET e 4
BLLFATFIRB T ~ " 2 P

R % %% & ¢ (International Telecom Union, ITU) *72016+# > 3k & 32 % B 3
# (Global Symposium for Regulators 2016, GSR-16) ® 3% 4~ 5 4 &2 3= [ 3 2

( Machine to Machine, M2M ) 5§ A EW 5 8 o B T R IRB ¥ *He B
@%%%a%ﬁxmﬁ;a’%£<¢%%%ﬁ$%~ﬁ&%@ﬁﬂm&ﬂ &

RFID# * e * * @i £ 2 & [ g Af s o 180
EF BRI R VIR FAFT R 4 NV LIS I R
Pe ITU 51 % Garner 733 4 35 2 o1 ’20205:%@ #-5 260 l,@f;@?f— oo dopt =
B A RREHET L ENAHEUALE LA 2T PFy 3 EHRI R

S E R e R S P 2
ITU chidp 2305 e (SR E B8 6 BiL ¢ LERBHR 43

TR AR PSR X2 HEF R G EEPH R A H Y
SR WHETRERBHE VA ZET I EBME BT A PN FU
;%i?ﬁﬁrﬁg—tk@'%‘fgﬁ v B3 fed B AR hA ?ﬁﬁ?gg#ﬁ’i £ 1% o G475 512

180 |TU(2016), Emerging technologies and the global regulatory agenda, at 28, available at:
http://www.itu.int/en/I TU-D/Conferences/GSR/Documents/ITU_EmergingTech GSR16.pdf

356



http://www.itu.int/en/ITU-D/Conferences/GSR/Documents/ITU_EmergingTech_GSR16.pdf

ad 2 i T B FHEE DAL A TR PRI SN
?%iﬂﬁwiﬁz@ﬁ%>WWﬁ%ﬁ FELPIP -~ FRFLIM -~ Fd 2
BAHAHBHRFLIFZILE -

ITU A% * & R AP 5 e g i * AR HER LRI b
RPp AR AN AT R R AR o Bldo BRI E € R NG TR
WM (2G~3G 2 4G LTE) & fFk W U AE % PRI o § 1 * HAF 3 PR o

TORPE o TIOM T LR G ARARR LT L e loT ehFE > &5 &)
0T % & en¥ 5 ¢

HOF mEEAE o M F loT 9K K € AR AT 0 bl4cBiE WIFi ~ ZigBee

AT B ¥ 24GHz & 5GHz 4. H RATE o

ITU e £ 222k » 3B ~ s 37 F B a3 * 5ol - BRI eEXRG v
MR R LR RAR R RS 0 BV BGBAPM K E sk 0 a B F BB
T TR L AR N o T ASK hE B RAERT L R TR B
iRt > FREAREZHELISERR m@ﬁg:]g ) 1";?}:@7 AG oo Al A v 2 X o

SN R EEEWH R FtRE R T RD FIRE D AT
W S EIRASH g ARG HEE Y T R 10T ha £ FlF B MR
PlheE B L F M & VHF 4R EE = 370 10T R EE ] > 3 VHF 41 £ g 3 TR e
Je* > 10T 4538 -

ITU 325 > Eﬁﬁﬁr’aﬂrﬁt%‘;#ljffﬁ&ﬁf@*lﬁéi BB loT R v At E o
URGE 10T chR L™ » ARBIE P 7 @ ZHREGT  FE 2 RARES X 2 0
ﬁ%*‘%ﬁﬁﬁéﬂfﬁﬂaﬁﬂiai°

312 g B

FIFHFRAER ITURGEE IHIRABRA T EARBRY F2L T4
B PR E B LR o & %%3;%% RAfRAS & 0 BT i e
H B+ % &P (Licensed Shared Access, LSA) ~ 747 v #E 2 5 ( TV White
Space, TVWS) 388 Z 5t Heo - ZIZBH T EMF R LNE L P > BHGENE
CEC R EE R AR T R R kO

()38 42

357



ITU 3R SRR D 6 TR sk A ed| R A3 5 L e B pFo
dRELYEGAEETAAPRARTIRB TR o B g R L
o TR ETR G D B{o RS o 1 E A AT o R R
R Br b e R RGIR > P ARG R K ETR A R g

VE- AV T R RS E R > T ITU E% o w4
i ] T\Eﬁ? ﬁ;l f'%%:u 'g I PF? ’bﬁrﬁg }@E‘r}'%' :\» b ‘H;F—;‘H' ? 'FF'J)% ﬂ—\@ 175
T TR B ATHER ATIRIAE 7 o

45 e — 5%

ITU 325 23 ek B4 3 h b - RE_L BATHITN 3 F & a4t L g o
MR - REFGEEARE  FRABRG B RA R PRR YT
PEACRKRDEHE Y I R OBERTIELS R

d3BGRERT » FhReRE Tl S I EL A L 0 FEK AT ATE B
‘E"i?zi@é’uf&ﬁﬁﬁﬁ??ﬁ@f PSR PRAR R (T - R FIMEE R Y R KR
Wiz > o Fan i 2 B8 2ER TR G Sl PIEATERFOR G 7 { P s
B 30 § 2t AR 0 B R F A .

Flot o TR SRR R e AR RPN SR gk R :J‘-f:l BIp A fesi s & % s
2L R oo FHERHFIIRIFNE T A RAHFTRICREE Y AULT AR RIEHK
AT T A 5 ] ATH R

(3)K A PR T (R g 1 E

5CG Pt BB A K7 E Gk F e o 2t - ARV
BE TLAE A KR R Ap MK K R B u ?m1%%%5%%’ﬁ
WHiRS g I35 ¢ = 5 RTHET 2 iR o

Fl o R EH] (Rule-based) frd AR IR & - BF R nFm 2
FU e Ry AR LERLEEDL EHIRERE > A3 A FH 0 3 X EE
R B R TETATRE o AATVUREGF T A E o T4l BANBR
RELRY > RAC LA RBEF TR o B 27 R E B
BT FFAGEUFTRBADLIE L N ERF IR frh o F
WHT LEiEEs - BB BFT R ke @ ® Eid o

#

A
N

“.l

358



OLETE
FORALSREROSLINA T HES S IR s
#Epa ]ﬁ-_%’*"%iﬁ;g- +IR QPB#EPIT$ H‘F'//)%lmq_ﬁe"

—*g

MEEFBTIEN  EEBMT R R R S B blde 2
EBREZIF FR A IR 2R o pREE TR ¥ Al AT

mg}i,{iﬁ“fr)’ﬂ‘? f#—re‘ ek 73 e
BRI E R AR A2 - 0 HWER AR RT R R
FIET F S > ARPEAFHE LR E D RPN B IpATni ¢ Al o

32 %P
321 W B HEH A LR

WEP ST REEEAE LR - &3Fv 4] (General authorizations) - 4-%t+ 1
GAR e F PG R P AR o AR Y B IMH T ROEIRT o P T - B
¥ g 'IB‘%'J:%’*%'J A T RERES F AN AF T ERENRT > BRI E
o 6 E RS - AGFV IRP LR o Sl R S e
5 AR BT AR o

RSPG =+ 2009 Eﬁﬁgﬁ;jﬁ R R G ALY R HTRE T RTS8
TH R E R BFTAIE Bl LB o1

il

¥
f

181 Radio Spectrum Policy Group (2009), Radio Spectrum Policy Group Report On Assignment And
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182 RSPG (2017), RSPG Opinion on the Spectrum Aspects of the Internet-of-things (10T) including M2M,
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