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Abstract

Key words: Spectrum Sharing, Regulatory Framework, Licensed Shared Access (LSA),

Licensed Assisted Access (LAA)

Radio spectrum is a scarce and precious resource that is significantly difficult to
confront the proliferation of mobile devices and diverse mobile applications. It has been
estimated that a capacity expansion by a factor of 1000 is needed by the year 2020 in

order to satisfy future 5G communications demands.

According to international experiences, it is essential to improve the efficiency of
spectrum use, for the spectrum is insufficient for the long-term requirement.
Furthermore, spectrum sharing is a new tendency, and the corresponding technologies as
well as policies energetically develop in Europe and America. In addition, to keep on
the development of new types of spectrum sharing mechanism, part of them has been

ready for the implementation of commercialization.

The research work of this project was conducted involving analyzing every spectrum
sharing scheme, built on dynamic spectrum sharing techniques, such as TV white space
(TVWS), licensed shared access (LSA), the three-tier model to support the Citizen’s
Broadband Radio Service (CBRS) in the US, and licensed assisted access (LAA).
Specifically, to figure out the required policies, supervisions, regulations, and technology
management platforms (e.g. shared spectrum geolocation database), then, to draw up the
suitable spectrum management strategies, spectrum sharing regulation, and technical

specifications in Taiwan.

Such the new types of sharing framework are novel spectrum coordination schemes

beyond the current “licensed exclusive use” and “unlicensed open access”. These new
XVII



schemes provide effective interference preventing mechanism in spectrum sharing, to
guarantee that the primary users (incumbents) could not be influenced by the transmission
of the secondary users. Therefore, we can re-examine the use of wireless spectrum in
Taiwan, and also seek out more feasible solutions for improving efficiency of spectrum
use, and promote more applications for wireless spectrum.  Our results show that current
implementations of the spectrum sharing inference scheme may not be limited to the TV

bands, but based on the international trends will figure out more favorable bands.

On the legal and policy aspects, the draft Telecommunications Management Act that
NCC proposed recently is also comprised the relative rules for the development of new
spectrum access technologies, which including the framework of spectrum sharing and
the administration of unlicensed spectrum, to assure sufficient spectrum resources for the
long-term development of mobile broadband technologies. It is expected that these
measures could promote the efficiency of the spectrum utilization, ensure the
development of wireless technologies, and encourage the innovation of new technologies

and services in communications.

Therefore, it is necessary to make new administrative rules to specify the shared
conditions, scenarios, and technical standards. On the other hand, sharing in the
licensed frequency band relies on the database management system to protect the
incumbents. The corresponding regulations for governing database systems are also
required so that the operators could make arrangements for database administration. In
the meantime, the experimental platform for spectrum sharing has been established in
parallel to execute the proof of concept and to ensure the feasibility. The experimental

results have helped in the development of a sound regulation.
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4 FCC, Second Report and Order and Memorandum Opinion and Order, FCC 08-260, 2008, available at
http://hraunfoss.fcc.gov/edocs_public/attachmatch/FCC-08-260A1.pdf (last visited Sep 22, 2014).

S id. at para.45
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B HARE G type A2 type B A fAAEA] 0 2 £ REE I 0 ASEAK g
HARELXAZHFTHEHT S WP A 4 B a

WEPPSER AR FHREL > TR Fgns 3 EA LR

“£% 2015 & 2 7 T4 3T 4L White Spaces #f £~ (Implementing TV
White Spaces) | - <~ #35 # » £ 12 7 7+ 2% 7 White Spaces %
R R TE N "‘f%%’“%iﬁ Feobow BRPREEE R EFTHE S

R

WER 4 o H {5 > Ofcom *+ 2016 & /| i3 374 4 & 1 7

13 Ofcom, TV white spaces: approach to coexistence, 2015, available at
https://www.ofcom.org.uk/consultations-and-statements/category-1/white-space-coexistence

14 Ofcom, The Wireless Telegraphy (White Space Devices) (Exemption) Regulations 2015, 2015,
available at http://www.legislation.gov.uk/uksi/2015/2066/contents/made
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BLHD B w TR SED D R E R ¢ FERES RO
AR * SRR o & F o TVWDs ¥ p (TEH » & R E
A AT b W R S AT RS SR P ARG §H AT
JRI&g > F T F4E o P v & B WSDBs & W b= & v, gLyt 2 FF 3 A 23
oo Ofcom %51 > & A k WSD e * A& k4% R 2 > WSDBs 2. fFF if #
WP TN E R 20D WSDBs 2 FFE $4p 5 4T 0 & Ed
Ofcom & & 218 b #h » Bl A KB B Rinm T o) HRILHE I
* o 4o DTT 12 2 PMSE JRi% > F & M A7dg doligd bt b % i
¥R A o Ofcom 3L 5 B - BAIATIMEH A e 5 R TS it
?iﬁgﬁ*¢§ S Ao Tt T8 A White Space PRAR B 4 i =

# > Ofcom 7 ¢ &3 & FPFTHREEH 2B f " o

TR 4 F 546 Ofcom enipl3d » PURE 5 R A0 9 45 Ofcom eh4g.

PR DTRORETR - FTRENTACF ARBRBPBETALEALE

15 Ofcom, TV White Space Databases, available at https://www.ofcom.org.uk/spectrum/spectrum-
management/TV-white-space-databases
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AT TR FIHFERFT * > Ofcom 23K & M 99.99% 0% # |+ o F
JLEhf g™ o it g T o AL w2 Ofcom 223k 5 M R AR L
A # =% 2 (Internet-based protocols) 12 % & * & #& % 233F = (standard

enquiry languages )
> % ,«gp‘;gg;ﬁl_& B AR s YA B3

Ofcom #-¢ & v A F M L WSDB> ¢ £ £ #ei= T AR+ 5 FTA(DTT
Coexistencedata) p» ¢ 7 FlagF i+ 3 DTT PRI% @ 3 @‘} SR T;*;ﬁ%]ﬂ &,
H= F T Asei= % T4 (Location Agnosticdata) ;> & 3 7 M % ¥ % PMSE
% * cfr Channel 38 % "iT#f B e = 75 FPU4] o d 3t 88 PMSE 9% 3
R A Flet g o R SRR S I A e
"PMSE T4 (PMSEData) > i & #4544 B 7 PMSE F 3t > 4% 8 PMSE
¥ av ¢ i@ * Channel 38 14 ¢t 74 £ ¢ Ofcom #-F] i 4% g PMSE ek i »
PERIPREPFIEROT S F TN K ELWSDB; SR A2
34 B TR (Unscheduled Adjustmentsdata) ;> 2.4 Ofcom %] i 4% %

R e R R BB 4 s WSD e

i“IE—'_FI '}ﬁméﬂ\:ﬁsb}a:lﬁ;ﬁ]m ""JLWSD ,F‘ﬁf&"’—ﬂ\i/ﬁ‘lﬁjﬁ:
Bie -8 FARRE 4%$i% T WSDB > WSDB £ 1345 WSD =7k #

S¥co % Ofcom & v * A7 24 % @ﬁi%lﬁ F4 B B (T L850 8% % WSD-

»

B 1% Sy P B R-f® 0 WSD & k¥ e WSDB 43 0 AR iR
Fenz @l o F WSD o WSDB B8 ¥ # #s# T s » v a8 b
TR MR R v 95 WSDB o # & Ofcom #32¥ * 432 #1273
ap e Ofcom o5 § #1hE Bt e B R » 03 o Wia 2
{5 > Ofcom SHAFFRF N FEm A & F U4 100 > = p > R FH A
SRR A R R R TR Y o
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v g Ofcom #13k T Behst F 38 i o
>  # A A sk (basestations) # % 0 @A G T IR

P TR FE A F e o Jp RO bR
* RSB AT B o G BB IR TR R Ak sk TR T A G T
FHoa i UREAFETT > HTAAI FRARFALR T Aehha 2
BB et T PRI B4 % 0 U R R e R B
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p A TVWS 7 ARAE £ 2 3 154
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TG L7 ¥ L7 > 330 2012 # 4% 21 T White Space #f £ * & st
Wk o FE2 White Space #ffcig * RABEAR S S fE o #F B

P e e BRI R R HARRSMA T R BRI F

¥
= 4«»
g

GBS RPIAERE ~ T A e 5 White Space #f B * k5100

P- A2 K 0 AN R P % 38 White Space 47 £ 3k B IR H
Wk S A (P EH - T ARPR AR gk B X T 4R o b PF o i * White Space
BB 2 % B R PR R | ok p N R R AR T 30 T
DB AR M 6 -

% p 7 White Space #f £ hi¢ * 284 - ¥ -i2 * White Space #7 £
st (7 28 ~ FNH =2 Frcip i) S ABEHR o 50 FL iR White
Space #F £l 3k S A AR B PRAR T 3 HE 0 R F g 0 A F M A
TR AFEA € FIPHRET AR P T > 3 2 White Space #f £ il
MOE AT R OF el MARIE o

7% 4 %1% White Space #f fdid: € & > { i&- #H2 > White Space
HEE L TE ] de o d 3% ma 4 White Space #7 £ e (v s & TR R AE (7

A5

g 3L

O  HITA Y R A T preow BAER (T
CESE) SRR S N AR

® TUREZYE AR Y RS R &R S o White Space #7 £ #

B gx%, 74 P AR—=Z21* ¥ ZF L DX % > £ 2012, available at
http://www.soumu.go.jp/main_content/000143369.pdf (& {5 §1f p #p : 2017 & 2 % 13 p)
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L F R BRETARORFE T > 100 2 & 54 ITU HE=g
L2 v 2 T ITU-R REC.BT.1895 (Protection criteria for terrestrial

broadcasting systems) | =ik AL # (I/N<-10dB) & {743t °
2~ FREZE

% White Space #g Fx Tl R ez B F > Rirg B hE FrE AP
f; B 7F i 3B A 7 e (National Institute of Information and
Communications Technology * NICT ) FF g7/ 3 # EZ N B #F 1 ¥ d

NICT ¢ %

NICT #f3k 3= enFofl b f Star 3 M2 Bl st (F % &) &
£ 3@ 5 % (White Space #E 5 i¢ * F ) Rent 3 in > T R ¥ o0
AEiE T H S B % SiE* o White Space #F £ L 3k € v FTALE R 41 ¢
o X R e RS o NICT & & 9 White Space #7 B« 3k B 27 gk =k 3¢
W HFd BB ER G AR S B T E (470-710MHz) #

R SULRIRIEPE 0 3§ THRIITG R (TR T

NICT *+ 2012 # 6 * z # = = White Space #f fx T R 2 12 § & &

BT R EREITA G K AR 2-2 A7F o

17 NICT, Wireless communication in TV white space succeeded, available at:
https://www.nict.go.jp/en/press/2012/06/07en-1.html (& {5 & Fr p #p 2 2017 & 2 » 10 p)
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B 2-2 : NICT White Space &R FH EHF T4 &

TR %R ¢ NICT

fi8 (TPE 4 + o White Space #g £ F R E 423 k o White Space #f £<
R RS ¢ pHET IR AA JREIBAN SAFHTE TR
%= B White Space #7 £ AL k3% 32 3 & 7 o White Space #f £ A&

shoe S & & 18 White Space SF L TR crF w8 0 TR * o

F_&

@ iF2E 4+ White Space #7 £ fk 3t § £ 3538 ISM 47 £ (2.4GHz)
ko ek e gt (mesh network) i % White Space #g £ R R 0 14 B
AP v g T o 7P E TR REL PR ERFEE (Mesh
Manager) - & B - i i¢ * 47 T w 4f White Space 47 f gk =b > @ 18
¢ B 44 P~ White Space #1517 * 43 o BRNIE (T2 4ol 2 -3 57 o
2013 & 5 * > White Space #f f~4&i& ¢ k3 # White Space #f £~ &
HoeRipk~ 2 27 R DR-¢ 8- %% E %8 White Space 47 & 7
KR B BRI P S * o 538 WhiteSpace #F LT E » 0 5 Bk
AFRP L% (B hEive - PR TEHFFBERS
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BpABS A BE AR TIOREIEET S

9 5o i 0 i T BB R IR
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FIFRBATHR o F o A FHMF RS T
TROLIATE R B WGEHEH T R sr A fe et 1% o R R R R E 2

FESE R

£ BE &M T s K -] 2 (Radio Spectrum Policy Group » RSPG ) *+ 2008

=

E 2011 EEFER Tapz g aE * (Collective Use of Spectrum » CUS) | 5 Tz#

¥ &£ % &P~ (Licensed Shared Access » LSA) | & & f#F £ 3 V2 1 0 8 2%

v

& E G

O AR Er (CUS): " h-FRAZF- 2 EFBPY 5 L3572 "Ud 2

Z&'?:‘.’f%’*ﬁﬁ%&%&ﬂgﬁi%if’%fi"”f“Fﬁ—’fﬁﬁ"
® FFRIRP(LSA): vtz - B 5 BRG RY Feifi? o R

#w3F ¥ (individual licensing) > s\ £ (74 A H# TR G KT 7 "V R

ﬁ (licensees ) » JMlJ#%ﬁEﬁ Wr @RTHEG AT Aptfd> 8T
%ﬁﬂ#%)%%ﬁ?ﬁ%%%ﬂﬁﬁ%%&ﬁ7’g B B

AR (NP ) o BT R Y H B 0y RIRER T 4 0 R K

- TLAPRIEEF (QOS) -

L S HcCUSE S B2 R gL M AN AR PR R RR > T

B RS LR L 0 - ) R KBRS IE o 2

/‘7‘

L SR Bkl PE A A

FE o BRI e T {5 R P RARS @ T RN ST RGRAE 2 5 o
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HEH R S FH AN E R RERT > g ;¢ (exclusive) @ % g 38R R

B flE R wE AR - B AEEIEH T RO LiTE o

302-1 2 hutd EATHE 3RS B r AN 2 SR o
£2-1: 4R A SR
BHERE* (CUS) FP LRI HEP (LSA) s R E

- guﬁﬁ{;‘\;gw:ﬁ&;%_ - T?pé\%?%ﬁ'?’*jﬁ
ST HEH 2L FR R A

- BWERPF S BLIRY |- HEEKEG W
R g - VAP PRS-

A

IPRRDYIEN
UL f‘E‘;é’:

Wi g
ERBAPERE & A

#

MR £ o 5 JI

)

Tl H&F

2012 # 9 " P HAL £ F T RAEARTAHH T RE F (Promoting the shared

use of radio spectrum resourcesinthe EU) | sr i 2> 18, i pdg ¥ £ % Hjhvrend

B 1 I B

Sk F) 2 P RreE AR F R R ERE A ¢ 30+ ¢ (Conference

of European Postal and Telecommunications administration » CEPT ) ~ & 7 15 & & %

18 EU, Promoting the shared use of radio spectrum resources in the EU, 2012, available at
https://ec.europa.eu/digital-single-market/en/promoting-shared-use-europes-radio-spectrum

36


https://ec.europa.eu/digital-single-market/en/promoting-shared-use-europes-radio-spectrum

.?7—‘:3‘« (the European Telecommunications Standards Institute » ETSI) 2 £ i % | ¢
( Electronic Communications Committee » ECC) % § ¥ > Pl xR wE 4L ¢ &

2012 £192 2014 & Xspsg# ship £ (mandate ) > & 17 48 B 52 K% 2 PR I c0FT

SHE TR AL € B B D A R R e R K R R

@i SR BT S HPRAEE T o LSA ML 3 83 0 L REL

~=

Mol S CREAE RS K o LTS AR AIRTR ¥ hE PR &2
Ra o £ 3FHE Y RLGAE LT ACERT B AR T any o %

LFEEEEF I 2T hE L TR F - U A% 2% GSMA (Global
System for Mobile Communications Association) % 2014 & 4 # 422> 45 &) LSA
BB T2 B 4T o Mehit 2 & s R BB AR R TR BRI
*AEHE K o GSMA e FE 3R AZ - LSA B35 7 il & Tedd (7 1 enfite ' T4 2 B @A 3
H G B RAL e M R H e 3R KL MR TR A

AR EER PF @A S Y FRALT LA -

19 EC, Standardisation mandate to CEN, CENELEC and ETSI for Reconfigurable Radio System, 2012,
available at http://ec.europa.eu/growth/tools-
databases/mandates//index.cfm?fuseaction=search.detail&id=574

20 EC, Mandate to CEPT to develop harmonised technical conditions for the 2300-2400 MHz (‘2.3 GHz')
frequency band in the EU for the provision of wireless broadband electronic communications services,
2014, available at https://ec.europa.eu/digital-single-market/en/news/radio-spectrum-cept-mandates-0

21 Digital Europe, Position Paper on LSA Common Understanding Status and Next Steps, 2013, available
at http://www.digitaleurope.org/Document-Download/Command/Core_Download/Entryld/519

22 GSMA, The Impact of Licensed Shared Use of Spectrum, 2014, available at
https://www.gsma.com/gsmaeurope/gsma-europe-blog/the-impacts-of-licensed-shared-use-of-spectrum/
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53+ 2007 &+ B & s T @ 7 ¢ 3k (World Radiocommunication Conference 2007 »
WRC-07 ) i3k #- 23 GHz #F £ 373 5 W% 78 ¢ 2 (International Mobile
Telecommunications » IMT) & * o ¥ {335 >3k & =& 7 - ¢ (the Global mobile
Suppliers Association » GSA ) 1T #p st #cdpdgor > £ 3 2017 & 4 ¥ > 4 3,074 F

8 17 TDD fio5% s s % ¢ > £ 4% 23 GHz #74 (Band 20) + i 2,369 7% > &
TG AU KRE A R FABand20 7 G £ &R Hk g 4 L4 % (ecosystem )
E- TR RAE

2013 # AZ R 2 & Plum Consulting % #7717 24 » &P $2 - &3] 2.3 GHz 47
B fid T IRIEE* > B7 SR Rl F ERE 220 RE A EARR E o
GSMA2014 & 4§ 2 7 g 410 2 prad & (7 8 SO PRI S 30 B chl * & 3 3 2
RS BE FREAIR L SR LIAE KR E -

Bl 2-4 5P %R ¢ MR & 23-24CGHZ 5 R Y %5 £ari * {28 76
TEBYR2Z AL P EFEREF WML 2 FERRE RGN 2
Boid 3 E AR AR B A R E 2 OEEE S e B 2350-2390 MHz ~ S 4E 7
40 MHz # 5 7 * 5 B4 7 dewod B 7B d P2 R SR B fosng 5B (Telemetry )
EFCRY i~ A SRR R M $ Uk ¥ PMSE (Program Making and Special
Events) 7 %% i¢ » i 5817 LSA #2327 » i@ e B did =

Lo o

23 GSA, Status of the LTE Ecosystem, 2017, available at https://gsacom.com/paper/Ite-user-devices-
ecosystem-7847-devices-announced/

24 Plum, The economic benefits of LSA in 2.3 GHz in Europe, 2013, available at
http://plumconsulting.co.uk/economic-benefits-Isa-23-ghz-europe/
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BTl T h Y BLSAHHE AV I ROFMER ECCHEF gL

Y
»

{

a1 i®-] %= (Working Group Frequency Management > WG FM ) »t 2012 # 10 * % =

FM52~FM53 % 78 & % o

® FM52 f Fief7m LSA #:&* »t 2.3 GHz #ff& 2 MFCN (mobile/fixed
communications networks ) i * 457y 5 FE iR R %:;j:ﬁ’ KR £ R T2
PR GRAT > PR APME R TERY BT 5D AR A o
B ECC Decision(14)02 - Harmonised technical and regulatory conditions for the
use of the band 2300-2400 MHz for Mobile / Fixed Communications Networks
(MFCN), 2014/06.
B ECC Recommendation(14)04 - Cross-border coordination for MFCN and
between MFCN and other systems in the frequency band 2300-2400 MHz,
2014/05.
® FMO53 f Fi&i707 LSA 5V g * »v e 45 LTE Fé+3 7 & %2 MFCN & 12 2%
WA B R ERRE R TR T AT LSA S RF AR Y R et
B ZRBFAT S EFHIPMFLD A8 405 ¢

B ECC Report 205 on LSA, 2014/02.

BB e SUT O 54D M HOTRE 2 5T %0 8 A >t CEPT ¢h ETSI
fF ETSIpmpERL gAML e ko d BT ah TP EHERT L ol

% R ¢ (Technical Committee on Reconfigurable Radio Systems » TCRRS) , § #

% ECC WG FM, FM 52 on 2300-2400 MHz band, available at
https://www.cept.org/ecc/groups/ecc/closed-groups/fm-52/client/introduction/

% ECC WG FM, FM 53 - RRS and LSA, available at https://www.cept.org/ecc/groups/ecc/closed-
groups/fm-53/client/introduction/
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TS 103154 % % & 2014/10
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T KR D ETSI, A7 7 B

peek s CEPT *fﬁﬁﬁ*u’f?;%i BRE RRAE AT L AUARR kAL PR s
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AETE S B B ERRZ TVWS B+ p R 62 £ ® 3.5 GHz #g £ CBRS
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GALIE S T i E S 6 kR -
(=) =W

s RS %ﬁ* ¥ ¢z AR( Ministry of Employment and the Economy )z Tekes
( Finnish Funding Agency for Technology and Innovation » B #3E g 374 )

LEWARER 2RI CH B S 2 20 b

ELSAR MBI F R Y > SRS EAEFE KA L0 fu
& # WISE2 -~ CORE+ ( Cognitive Radio Trial Environment +) % % & # ci= 3
3E 0 T Tekes FTrerH AR AL T o WISE2 354 ¥ Pt BRI %K oz
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Ao &R 2 B S (testbed) T 0 i@ 2360-2400 MHZ 47 3 4 ) -
B PMSE @ % F 5 4 cnde fis £ 3 BR8] > AR S R 0 VTR mE R
TS s - § TR R (geolocation database )~ % @ * K Z g E L

£ Incumbent manager °

CORE+3+ % o H f B 7 itv#7 1 ¢ « ( Technical Research Centre of
Finland » ¥ VTT) 445 > 2 104 B & | kg A L~ G2 £ Rp >
2 AR A A LS BIOASH o 302013 E 40 SHeE
BHAAER*Y AG LTE T o LSAEFITE T » b BTl %5 u%?i’JﬁT\LSA
AEEATF i pE I (evacuationtimes) 2 * 2 M= aREEEF O x ERRE S
% ¥ %/ CEPT ~ ¢ CEPT Report 19 (2008/10/30) » = %% Tk 4o ) 2-6 7

TR ¢ AT 5m13m1-£1r'":

® [SAController (¢ VTT A #HFH{ &),

® L SARepository (¢ FairSpectrum £ WISE2 - Z#7# % &) ;

® izj; 3GPPR8(Release 8 )15 % «1ifF * AGLTE %< e 2 it ¢ 1L 4»
71E 4 g 4% 23 GHZAFE ~ % 3 LSAE (TN enLTE A & > & 35 ¢
L35 B % % (sectors) e A A e 4 3 Ao 12 Z fEfF > e fE X 5 (Omni-
antenna) ] Al & 1 A& ¥ F L3 21 GHz #pE e 4 2 B o iF
L3% 4G BeRaehi B IR

® 32 TDD/FDD # #+4% = (handover) #+/<5 * 4GLTE £ 4% ; 11 2

® AT LSAWE T e RARECEA 6 1L o
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Repository LSA Controller
PMSE service (VTT in Oulu)
provider in Ylivieska r‘ ——
Incumbent / ‘

Fairspectrum in Helsinki

e.g. Digita
(9.0. ge) and TUAS in Turku

MNO (Centria)

NSN Evolved Packet

Core Network, Network
Management System,

NSN NetAct OSS

NSN Flexi Multiradio TD & L in Tampere/Espoo P

FDD LTE sites in Ylivieska

FH KR VTT

(=) &*FI

%4 {IFcRr2015 & 7 0 2 % pod - A2 3 L ¥ F (pilot project)
P E GRREE L ¢ BB & 7 ¢« (Joint Research Center » JRC) 2
koo d & g E 3% (Ministry of Economic Development) & 3 > &3
wE T B S e o Pl £ Qualcomm ~ Nokia ~ Fairspectrum ~ RED
Technologies % %o & B A & ¥ @ %4 » ¥ 4 2# 3 # 1 Foundation Ugo

Bordoni § # s

27 1talian Ministry of Economic Development, Licensed Shared Access (LSA) Pilot, available at
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TRER O RFIEFA AN RBEAS PN FE

“@E

FHAE D TR RREE TG b A PR o A E IR A
F R AELTE A1k & (smallcells) e * 3-8 7 » 8 * 2.3-24 GHz #7 &
B 2t R BT EUR B2 (7 LSA MG 5 3 ¢ JLHCSS 27 % Sl ) cjp b

ZERERETS TSRS

FAGE AR R KT RHCLSA F R FFLF AL LSA
#]endpEig 2 (technical conditions) fedk i€+ 744 (operational feasibility ) -
TR SRR 0 A 4T LSAMEE 2 o~ AR AR ITT) 0 R es TR

W R R o o

‘& Tc|¢m¢(vy
:  (emulated)
- ? f
wi flu

Samudator for
=[P S, > Sharing rules
1 A Restriction/Protection zones
| p----- "
! Measuremnents v 2 Protection |
--mbe - requiremnents requirements (I/N) ]
1
'Onfield measurements ¥ U Sharing Tool wnder the controt of Adm) > !
' >
/_\ = ]
4 { g LSA
< ‘ ‘ >_ -< OAM Repository

R \ / ETSI LSA-1 I
4 S |-
— controller
UE + SIM EPC/HSS

W 2-7: &+ 4 LSAPilot % 2 3% #7 &,

7o kiR ¢ Italian Ministry of Economic Development

http://www.sviluppoeconomico.gov.it/index.php/en/2014-06-27-15-06-15/2033594
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(=) 2R

I

FRFc T 2013 £ 17 =2 - @ iv] e (workinggroup): f F K3 &

W LSAME L 3 p T FHpeiza v ] e TR 2 F B ANFR(Agence

nationale des frequences) # E 2 & ¢ > * f ¢ i A ¥4 § ¥4 ARCEP
(Autorite de regulation des telecommunications )~ & F# # & ( Ministry of defence )

werh R BEAE S (DGA)» M2 FFUAAF2 JIEApM K - LB 1F

" 23-24GHZE S B2 B ~ RBIEIwR L A 0 R F R E T S R

GREE BEF DI RAT

2016 # » fw it FofrH e T 0 4 Ericsson ~ RED Technologies %
Qualcomm % 2 ¥ X K > » = ¥ 4§27 6 B ¢ LSA 3| - H ?56%13#1‘#%{

4] 2 -8 4 o

-
-
ERICSSON
EPC/HSS,
---------- o
GERMANY
UE - - -
— INDOOR ) LSA LSA \-
---------- eng [ O | conTroLER |-{ REPOSITORY |--------- |
PARIS PARIS PARIS [ R
| ) Incumbent
= 4 & RED & RED
z 2 °ver .
- ERICSSON
ERICSSON
2 x 15 MHz
frequency
blocks

W 2-8: 2R LSAFRIR%RFEHT I

7R kR ARCEP

46



(z) EH

RE R A E R 2 T B gy 3% (Department of Culture, Media
and Sport » DCMS ) »+ 2011 & 9 # # # [ 23 ag % 12> % ((Public Sector
Spectrum Release Programme » PSSRP) ;22 2014 # 3 » & R4 3 %% (The

UK Spectrum Strategy ) ; scit4n 3l v 29 fphf (78> % ¢ 4

® F=m @ E s (Office of Communications » Ofcom) # 5 GHz
AR Y 4 2P R ST RE ¢ @0 500 MHz 4 %
T F 23 GHz#g s ? 40 MHz #F 5% 3.4 GHz #g £ ¥ 150 MHz #g &
HEHF TR BB R PR CE L o

® FEH- MO IMPAEHR Y FUTARE .

® R - R EIEGE .

mwmﬁlm338Eﬁﬁﬁﬁﬂ%iﬁ%@FQ&ﬁiﬁﬁ”’ﬁ&ﬁ
B4 4E 3 2 % (Geographical Spectrum Sharing) #4 BR324 ~ & L 48 2 45 B~
( Dynamic Spectrum Access> DSA) 2 A 3R i¢ * % 3 4ol of 35 chp 2396
TR AL ST RIS E AR E T DRRTRY 2 IR B
FEAF MBI e R AR R AT TR
RIS > B B OERALAo £ 2-3 9757 o Ofcom & *t 2014 & 4 1 F E %R

izl ST

28 UK DCMS, Enabling UK Growth: Releasing Public Sector Spectrum, 2011, available at
https://www.gov.uk/government/publications/enabling-uk-growth-releasing-public-sector-spectrum-

march-2011

2% UK DCMS, The UK Spectrum Strategy, 2014, available at
https://www.gov.uk/government/publications/spectrum-strategy

30 Ofcom, The future role of spectrum sharing for mobile and wireless data services, 2013, available at
https://www.ofcom.org.uk/consultations-and-statements/category-1/spectrum-sharing
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%23 FRMHS L HHRE

REZRE WP
1| 22 F 8@yl 5o | 5CHZMER T FER > 7RELF
® Wi-Fi JR3%16 * 9 BRhERRERGE T ALRY A Wi-Fi &

on 7B By ~ F CHIRAREEE ~ M2M B > 1Y
&ﬁ%?mﬁﬁﬁ%o

2 | AxdAx g o At ol Kp 7l gEEazg o Wi-Fi JRI: > B4 £
(outdoor applications ) 7 | e BLH 22 7 5y F IR F 4f s 4o fopRAE 5 o0
Wi-Fi pJRA%: > A R E F 7 a0 | % o #20 WIi-F 2 & it v 7 {oB i
AL L S EREDFHE? E H M2M g K- 3 e B e

B AEAMHRZ T 3 N | ae (FI) R EUGEE AT R
TR 49 s AUE AUy IR AR ST B R 0 RS ) Al 2 M2M g
L Ty * o i3 6 GHz S EL 0 F AL B BE MHz
v ARG e

41 AXEFFELENRT | AR REFEA RAH R F 2 B
PR AT A oo b HF R e ﬂ9\4trf?§]§ﬁ.°§%,@

b 4ebs JE 4~ P A4~ (DSA) BT I 16 ¥ &

*? EXIRE AL g o G e O
'I}IJ'Q\T'#’?‘?iﬁ”fi,%. N gg_? y ¥4 3:{,‘5‘:—& , "'1;‘)5\3 ol
J%é_i °

5| ¥METEE{fEis |AMIFHE T DSARET ¥ AHS A5 0
i BAE G P AeR g | AR M2M et o (e in il B Bt T
AT PR RAR Q Fi b o Ofcom = 4 J§ DIFe Rl it § 22519 3 2%
L+ RCEE PRt R R
BIFTEE T o B3 o

T4l kR 1 Ofcom » & F= 3 A3

Ofcom »> 2015 & 7 * 31 p &7 TAE3 £ 3 % ﬁJ FE A kad

W%#@ii%?ﬁﬁﬁﬂ?%%ﬁJﬁ%ﬁﬁﬁéi%%9’ﬁi{ﬁﬁé

deh
!
(e
(s
3
i
A
o
N>
3.
N
A
e
&
iy
A
e
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v
i
A
tﬁw

P H o= B e

31 Ofcom, A framework for spectrum sharing, 2015, available at https://www.ofcom.org.uk/consultations-
and-statements/category-2/spectrum-sharing-framework
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ERE RSP EEEAS 1T FAEFE FER I HE I h L T €

I'Q‘—"-Z.’zﬁfﬁfm B E B ‘r-r-'%fr#""%f; SRR o

H s > Ofcom »> 2016 # 4 * 14 p % # #p (statement) > Fx = 7 K KH4f
HEF 2R A oOfcomumm LS BT = BEE - THERY
oo R RYFEFLEIF o UBBEIPEEIPHEITL L - AF
RCIEE ¥ ¥ i HEE S L EE R R RERE o kY
o enfEiA> % o Ofcom &% ¢ w1 1548 Fsg'fﬁ ( stakeholders ) #7 B *» e592%
o GHAcRERA X R S AR R T § o Ofcom » 48 S - & 3Tehg 2 0 4o

BT s ek 3RS AEE RIS £ RS {R MR

AARECR *F 4F S G o Ofcom mat R Y g 0 o MR R F P hoik F
PRSI FFHEREIGE T AEPH g T EEFF R
BB B RS AKRIRE Y 37 a8 aregs g o0 Ofcom 5 34 #-
FHRAe RN 2 e BEARE > ¢ FFT AT D TR PR T
VR e B s A RGEAE S R F 842 5 > Ofcom #&ﬁ%jiﬁvm TR LA
i ERTIEA S Ko G R R B TR E S 2 ARG T R
FEET ARG L E R H 2 B AR RRE LR S

THEmF R E R R I F o

phh o d T A E R e ehe B ro i # 3E (UK Spectrum Policy

Forum) » 7 f {Efie & FeRHE B4 3 F AR M AT § > 3% A £ 2 iR AR IR

(e

kG R FEM AT AR B AN R L ERAERET R g e

RO M ST R aE T o
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Y& ZFR2AEMETMIRSE (CBRS)

- B RS

2015 & 4 % 17 p ¥ W =nid £ § ¢ (Federal Communications Commission »
FCC) il e = Freno & & 4 47 PR7% ( Citizens Broadband Radio Service  CBRS ) »

P 24t 3550-3700MHz 47 £ 2 £ SAF 5 & * o

i FCC & = CBRS 7 2 = » 3550-3650MHz #7 & i & 5§ L BIF 30 F i i

SR R B e 3N Eh PRAr (Fixed satellite service, FSS) # & #ti¢ * > @ 3650-

T\

3700MHz )3 > & chR IR F i k sur FSS g # o

2015 # FCC if if CBRS #f £ #7 & £ (3.5 GHz Reportand Order ) {4 » #- CBRS

¥ 1P 1 2 FCC % 14§ % 96 3% (47 CFRPart96) -

195 F ZARE § 96.11 iR 4P 325 CBRS ¢ ¥ 4 £ 5 3550-3700MHz > #

¢ X ‘3‘;7/,,\;:«‘\]‘)\’1?_:_%@_2

® - i3F ¥ 3B~ (General Authorized Access ) & * JF,Z ¥ % 3550-3700MHz #g £ ¢
FE

® iELiE P~ (Priority Accrss) i * % 7 % 3550-3650MHz 47 £ @ 18 1F ;

® BUNEMTIIMRIFF L (Grandfathered Wireless Broadband Licensees) +

Ry AP EEARF ¥ 901338 iFg g * 5 3650-3700MHz 4F £ -

2016 # 4 * 28 p > FCC i i ¥t>> CBRS ¢ =R A]i2 + % (3.5 GHz Second

32 896.11 Frequencies.
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Report and Order) * > &4t £ 2015 & i B ey AP AP B RGP 5 0 B
drR A3t 2015 £ 4 24P FCCE 7 A RARPHEIEG L2 HEL R
AERPHBOBGE- EOREHREF T EREPMRIEL 72 KB 1L 3F R
LBBHEHEG AN BEE BARBHE 2016 gl ke £H- BET
EP# % 2o % & R E AR RT3 &% (Citizen Broadband Radio Service Device, CBSD )

BHHF 2 REF S TR ETAR -

= L A

CBRS i@ T3k = K BRI o 2 SR f @ =g 75‘ LR *

FENERZAHTVFRLERF R B o MHERIE (TR B E LA
Pr i ST PR VAR E T ARG MR TR E c CBRS ez K N H Jﬁ"év\ )

% 0% #P~# * ¥ (Incumbent Access) ~ ik #B~i¢ * % (Priority Access) £ -

HIFT R Y ﬁ ( General Authorized Access ) °

TFRIRT K P IIRBFT DB T K I F LN IR K
PRt s @ ¥0% % 35GHZ A - %G BP T K B RE AL BARIR

TR TSN AR Tt K

FCC # B~ Fh g gz&%F%ﬂ@%ﬁ’ﬁ—%ﬁgéir¥WEGMMMn
zones) > "M T ARG i kAo % Z FREGE S kA€ d Rk 5 (Spectrum
access system » SAS) %% > *%' Tk 8 e B sc # (Environment Sensing Capability -

&

ESC) it teenfrst > MRILT % F & B il > & wARAp B TIUAE SAS

AR ﬁ 5 P~ 1B iR AL 3 P~ B (Priority Access Licenses » PAL ) miiﬂf °

33 https://apps.fcc.gov/edocs_public/attachmatch/FCC-16-55A1.pdf
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AL fReh % 3550-3650MHz #F L o L iRT-it % K 4 FHEF MR H K

femp 2wy XA 534

!

SBFTRPRY FLPEFTORY o AR - A S CBSD iE i
BFTRPIRIE o - BFTRPR T F T THRG R FHRARPRY H A S

P

BAKIRT R BET RIS FATEEDE LT SRR SRR
% (CBSD) > Gl4rieB-2h% » & F o AF 48P k50 (SAS) 3Lp o 22308z = 2 %

Al 7 > CBSDs > I p¥+ & F o SAS Ly o

AF 4R % 2 (SAS) 2 ESC B R Bl 4 2. CBRS ¥ /% % ¥ fakehk & o
1245 FCC % 35GHz 475 4 £ (35GHzOrder) + #4541 » 4% 5 SAS § 1+ 3

EENTRBEL T A

® OSAS EALESFRPECOREHRAF LI > TLRF H DR F
R P it v e i o 5RO Y RS R Y 4T i
%—%z_/“:;ﬁo

® FCC #** SAS 'glﬁ'—‘ka'a:ﬁsm B B 11 E T2 SAS HE T BAE (T

° SAS?F’—‘VmI B 13}1}‘@?&@@#&&#%%@% » VAFE %9 T SAS h
Pori ¢ 3 Ak SASE AR T EMRBEAE (CBSD) B »7 12
e 1A R R F AL TR ARG R F e gMATE p R
1R BN A 0 Ao F RS h A R RARS G R o

® ¢ SAS ¥ Ll R R ) AW LR TG R 0 R
PERAE TN TACAEAFE LR LR T 2 TR KA
FCC th& f > & 429 SAS #7ik i & A AT P F o

® SAS HIL KA e BARBREHEG L (PAL) - m3FT R T K

52



(GAA) 4B~ &5 * »FCC v & v & f4eARF* » 57 % 7 62
& R oo
® SAS Hil ~fhz K 'ﬂ"’%ﬁ»#ﬁ/xlé AR T R PR R A

AL R KM E R EARM TR -

1% ESCo Bl 5 d BRI BHERA S St > v o BRMEE Y ORI L AR
FAELey b T BEAPM L % 7RG F R_SASH ,‘{gu B HHIEEL P BN #
F iRk o FCC# ESC R I ¥ drfijied =2 3% » @ehdeP3k v & A~ KB 3
AAHNRLEARB A PR ET FCCHRFANE RTT - BRI BRF L%%?#%
% (exclusion zones) *4iT » ® 2 {BREH ~ "7 :@@J ELY BTN AR R ey
EEABEF R oot S ESC d ISR e g ¥ 2 % NTIA &

B $RenE B o 1395 FCC 4+ 3.5 GHz 4 & & 2 (3.5 GHz Order) ~ ¢ U T

= ESC ¥ &R 3 1§1:,\:11’TJ—FL#,T, R R

® M rr i ip| 3550-3700MHzZ #7 £ 22 Ap ARAF EL P 0 F B G BBk MLIF iT
® F BNk KLt Bg Ao B ESC ¥ cdraeh— B 5 B SAS @
® kil z?‘fr@%“m%i g >t

[ ]
,_.:?

v R EFCC £ | w ESC & & lﬁﬁﬂ”“‘mm.ﬂ; +;

® riWESCEFPF2 §frizimd > 0 H @ agl BI2RFALE & % SLif 4 5
® ryi% ESCZ%]FE],;\#-J\IQ%J j&,%f’ﬁg"“fim, R A KL % A

Ay

~

E T FARM T 2L FCC AR ¢ 5 »xi 17 ESC el e o

a4
~m

4?5‘;3}5’1%7—‘144931, I'S JumlePFﬂ.pﬁ #E%A)%J’ —Z‘HZ';L'PEII‘}"L\;‘

SASHzF|ESChFR (S BV & R £% “rw E p 3 [ * 9o F ko

SAS % & 4rH  SAS & H g/, ESC #p 3 il chiv 4 » @ ESC & f & # it fod
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B ik SAS i hil 4 o FCC jo3% 4 § % I k3> 2038 v SAS fr ESC» ¥ & 748

FCC et/ i 2 FCC £ ¥ o

FCC > 2015 # 4 * if i 3.5GHz = % #p & s &P (CBRS) % - =t # £ (3.5
GHz First Order )p¥ > 5 = 2 T &2 & &1 T 17 & (Wireless Telecommunications Bureau,
WTB) £ 1 sz 5 its9% 2 3 (Office of Engineering and Technology, OET ) & &2 B 15 3%
FeB 7 % F 3¢ =& (National Telecommunications and Information Administration,
NTIA) £ F 23 > E" '*‘e:s ReriE s SOHEHEE g —*‘ ( SAS

Administrators ) £2 %5t g Plic 4 F @7 (ESC Operators ) i 42 o

2015 # 12 % 16 p »WTB & OET # # ¢ o2 v 3, p g afak ¥ e
MR &Y G e P R G L T SAS FE R R DY SAS
& ESC m%‘:iﬁ? %5 ot ¥ d 24 (SAS/ESC Proposal Public Notice ) 2= =
Prfeeng AR - ¢ rE 0 E - BREBRIF 53R 0 p H SAS & ESC
AN E 0 58 WTB &2 OET $ 04 i B i1s » % = PREBIR (T vk splid

lz;&x%‘:ﬂ.o

FTRARFEGYSASFREXESCHEF N ¥ LSRR B RN

® imip SASfo/dt ESC i frens i & ok
O GG E SASHREAESCYEP EE L TR | L i
18 (v SAS {e/& ESC & 4 f 18 i+ 22 23k SASIESC M4t 4 fi 7 fo

® g i SASHEILEAESCHYEREY L FEP J R IR

3 FCC, Wireless Telecommunications Bureau and Office of Engineering and Technology Establish
procedure and deadline for filling Spectrum Access System (SAS) Administrator(s) and Environmental
Sensing Capability (ESC) Operator (s) Applications, available at

https://apps.fcc.gov/edocs public/attachmatch/DA-15-1426A1.pdf
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3

Ui ¢ derid BT AR PHRZTE b1 A HaE

® P drim A% SAS & H Ap b ESC A #icdy en® 23 35 12 3 hoie 4p B 3 3
Yoo 2V g ;oo

® %R SAS /£ ESC % Henh iRl & 0 11 2 Hmi P F B# A e e (7
ME e BB B ApI (T o

® HYBIFHA cnfy it o 113 SAS F IR K & ESC F i ARG ¥ 0 HCA|E

o e M B $2 38 chiT P B P o

WP IR A AT 0 R R B ofR A g 2R D S h

5

® g5 SAS FE A ESC FEF L EF o KM g i r R

AL~ RS oRs -

WTB £ OET *+ 2016 # 5 * prez = & - LY 3%k » 30 2016 & 12 % 21 p
22 FEEEES REFRNY FFP 8- Y S SAS K E
% & # - Amdocs ~ Comsearch ~ CTIA ~ Federated Wireless, Google ~ Key Bridge r+ %
Sonye ¥ FF ¥ b 2 RE Jz ¥ 3+ & ESC % » ¢ 35 Comsearch~CTIA~Federated
Wireless > Google ~iPosi 12 2 KeyBridge 12§ P* WTB 22 OET & A 224 % 5 % %>

W7 AL Y F kI

195 WTB £ OET ehav 4 v %04, i H o ip it id = REF e > =

% FCC, Wireless Telecommunications Bureau and Office of Engineering and Technology conditionally
approve seven spectrum access system adminstrators for the 3.5 GHz band, available at
https://apps.fcc.gov/edocs _public/attachmatch/DA-16-1426A1.pdf

B 3 o
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% citp B F SRR

) - RG E 23 3 e SAS ?’“F‘ ’FS}@F ﬁﬁ WTB & OET 43 % £ ¢
AR BT ATE T PTG B L BRP o

® :t§ jiE B HISAS F LA IR Sicd WAL R & WTBNOET #+
PRI TN R APM §RAMT 45 1 1 SAS chiF B T
2 SAS plipeigkie s ;3B SASEFF HaEpheand 2 %7 -

® o - R i% 21 #1 SAS rglﬂ’ﬁm%ilépiﬁfﬂ » WEE % = Jﬁ
poEd e R B SAS PRI B3E R ¢ RFE SR ER R & FCC

AR BE 2R F o WTB & OET Mk AR 973 4t & 488 g 22 FCC 3L R

® 5o RGFEABAISAS FEE > L FHEME G a4 FERT REK D
o GlAeTf WA K g Bk R (FSS) MR 4
BN EMREEHRRET iﬂz ( Grandfathered Wireless Broadband
Licensees GWBL ) » ¥ 73 &£ d FCC 2 = i e o

® F-FGFPUBAHSAS FRE L FEIEALE o LRSI e

il

-r,‘,(_:F,
m}\a

g * o TP Rt fo T ok p T FEANEE PR Big H X
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17 AR 2 cFCC P o 1 82 NTIAS B304 (70 % B3 2 T v 2R 42
R > 3 if i 1 SAS ¢ —‘ﬁ ﬁff FCC % # ﬁﬂ?}ﬁfﬁé*ﬂ% °
[ - FG FREESSAS FILE SRR ST R p IR R R
F TR L o blAck p B LFS R (FSS) & @85 & S RIER
P4 & (GWBL) cdf 2 o SAS # IL¥ bt B & & 411 {27 it fcip
MFEFEL > 2R FCC g RTHREFRPIRL IUE AR E S -
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FCC 42 £ et SL U HCAliw 0% > s T fBie * ¥ 0 1 % w0
P dg e r 20 Pl L PRAF(FSS )53~ 1B 5% 8 4 47 PR+ (GWBL)
113 4 BEAEBHBIFEF L (PAL) - SAS ¥ U % - BIEHT K R
B N —“Ff PR R F Al e e - A ety jﬁlﬁ’* -
HEA o AP B R B fofrh SAS - & o

® F- 3G FRUESSAS FRALAEP LGNS BE FC

3

CHzv %
96.59 % 7 BEAE &iﬁﬂ\ﬂ At mLFL# - WTB & OET iﬂ:ﬁﬁvﬁ FE XD
TR ENEE ¥
® SAS FIE {54 FCCHRE S 9655 2 fe » - > 22 Fi
FE o BRI | APk ¥ (CBSDs )£ 2 i SAS’F?I“’J’ZF’“ T
FivoSAS FILE 2B AFILE N INF UL F ARk SRR O

# 2% GN % 15-319 5.~ ¢ (GN Docket No. 15-319) -

H;

® SAS LK LA S O R AR (CBSD) simgip T 5 2B
TR L RRFECHPRRITG FHE R R ECRT SRR LT
Mo BHhE T e 46 FCCRE % 9645 iF2 #7175 T ik & FCC
E ¥ 96.35(0) 1% F M IALEIAA DRp o F LB R Y F o RIFT L
o G OiE ﬁmSASgTﬂ'i"H%ﬂ%‘J CBSD sz p =% » B+
WEkTe 0Bl 3o

® {5 FCC el & F> #75 § iF i i 0 SAS ¢ 12X 35k 4% ik oh 0P|
fim > 3E WTB~OET ~NTIAE R #3307 & * T %7 :% SAS % + & 4P

B 2R

FCC #2017 4 4 7 2 > 35 GHz SAS # L% 112 ESC 4 7 &% = ¥ 3

o B0 2017 250 31 p Ak qpkY G 25 LB o @)

37 FCC, Wireless Telecommunications Bureau and Office of Engineering and Technology Establish
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FREOE S RFEoip A hdem il 7 FIAT F 0630 % F &2 L& K p
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?éﬁﬁgﬁﬁ%%ﬁﬁﬁmgﬁﬂmk’WﬁwﬂﬁTgﬂa@ﬁﬁEﬁ
LM T DEHIPHEP LR ERGE - FRAD ¢ L RY i e

RPRFE TR %G @& * imlﬁ'—iu % o WTB £ OET » # it & ¢ ﬂ-?{f@%ﬁﬁ

ﬁ,pﬁ%}% ~ 1iEP 4P B g";},‘

p 2016 & % FCC /8= 33 & = % SAS ?m&m@ R G AR A
© S B 4nie 7 3.5 GHz 4F B el #8ip|3E - Google >+ 2017 & 2 w # &2 & TR R
37 (Nokia) ¥7 % i@ (Qualcomm) &7 12 35GHz #g L 1T 5 & % LTE e enim i
Bl 2 RO P & E B RS ST R i DR B T APRE 180 H kB

BT > %4 3.5 GHz & 3 A7 G# 4% % 360 A ARG B R JRARSRIGE o

¥ - Fg i ey o 4 Federated wireless = & 3t 2017 £ 2 0 g & £
T35 % 4112 (Ericsson) = & £ 3 4733 chip|3%8 2 ¢ B L& L I chig T ks
¢ Federated wireless st s 42 B k5t > 4p Bl RISR S5 -7 17 5 5t 338 2 5G

473§ IR (7

\\\Xr
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"Second Wave" Deadline for Proposals from Prospective Spectrum Access System (SAS)
Administrator(s) and Environmental Sensing Capability (ESC) Operator(s) Opens a New Window,
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42 FCC, Wireless Telecommunications Bureau and Office of Engineering and Technology announce
methodology for determing the protected contours for grandfathered 3650-3700MHz band licensees,
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2016, available at https://apps.fcc.gov/edocs public/attachmatch/DA-16-946A1.pdf
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4 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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BRI eniid s ) B R R S @B R R B G REG R R F R

0 SR LR R SRt A R g e BN S

H%?@?ﬁ{?ﬁﬁmﬁﬁi’iﬂﬁﬁﬁaﬁﬁwﬁﬁﬁﬁﬁ&ﬁgéﬁ
CBRS #7i¢ * cn35GHzAEE § » 7 2 R R 22 % > TN E WP » W Z 4| % h
GRNRIE 0 F A KAz B ESC REE R 4 0 RIT - K FHE o KA o
B LSAEtEe > MG R F o H LSAMHRE > X3 &% H#* LSAIHIE
27 LSA HE 3 B ig s o T;z fi & % T_LSRAI (LSA Spectrum Resource Availability
Information) & & 7 § *T2 R (Zone) F > M F M VAR 2 - i

R 0 Ak A I I B BLRE R

PN R ERIEFRARFEL Vs BT LIIEIREF

7022 TVWS 4841 > 2 B CRBS JRA+T ch SAS k& 5 3 # % H & J3ap

FIRAL T P AR 0 SAS KA EATRRA BV IS FRSE I HFRA
A REL R ST] ARER T F A G TR R F BRI

b PR R H AR AL S T BRI el AR -

7

E3RFFRERTHESEBFBE T @7 Fomp 2 RN G - HLB &
R GERRET T A HAFHE 3 W@ T A R 5 A

=
f
SRR AT JRIRR G D T ﬁ*“i“—ﬂxkﬁx%gmﬂﬁ—m pLoek s

R
&
o
dk
2
e

FET]ARTEE L FMBRAR > AR L BB fpper

BRSO A TOR R K BLens UG R % 0 e AR G AF S -
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7 % 5GHzZ AHBRFEE I B4

3% GSMA 334 ?}a‘ﬂ 214452014 >3 LTE (4G) * = H4ife £ 4 %> 3G * =
i 4G B R RRAEEIRR AR FAGSE XD R B

ICT £ %2 %% o

Boor i oo (Th 5 RAGE AR Bt B 2 ol Flea EFAHFEH

S EETY SRS SR E RIS L ERNE TS LA EE

’

B2 Z AT D RO IF L R B F2F PRI 0 @ 35 YouTube ~ Netflix ~ &

ml4
=
e

4
£HPPSERF OTT IR { BEEFF P i & o B R HEcERT MR

jg.m:]*i- WE %,;ff( f:r ﬁ%ﬁ'{%,mi']g\v}?lriq\ E o

)

$o0 FE TSR 0 2010 £ B 2P L AL BB P BB Y

P

e g T T4 1000 & erdicdp i € 0 2014 & 2ok fcdp n £ 2013 £ X £ T -
BoRBREHRE R > 3 2020 £ > FERAERE G FE T AALEE 2T

B & 10 @ apkien & > 1S 1000 & hlichhin B o

> e

Ji

Fip % BRI 1000 R EOEREA > FRFLEY

&

3
g o o35 (1) A FagHrag it 1 (2) fI* L S g F iR 12 (3)
1% WLAN e/ 3] = & (Small Cell) - F)p > K,ért TR AR RS

Rer SR USRS N S Y R . EIE G E S

4 GSMA, GSMA Mobile Economy 2015, 2015, available at
http://gsmamobileeconomy.com/global/GSMA_Global_Mobile Economy Report 2015.pdf (&5 i §F

p :2015/10/01)

4 Qualcomm, The 1000X challenge, available at: https://www.qualcomm.com/invention/1000x (#- {4 i
£ p :2015/10/01)
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w0 TR THIIRIER Y o
¥ =+ B

ARl LS EEH TR BWE MRS BT B # 0 AR LTE
(LTE in Unlicensed band, LTE-U )14 2 25 ¥ & 84 4% B~ LTE( Licensed Assisted Access,
LAA) £4#4] - & & ifeeniEiz? > LTE-U 2 LAA &7 & 3“1 1= 58
R A A A TER Y LA BRAFE BRI TR E T P AR
d >t LTE-U 2 LAA Hisit@ LTE 227 L 4 B Wi-Fi & * £ 3 BRIEF 4 2.4GHz

25GHz i i ax g2 fpHcE R £ & o

Wi-Fi g 7>t IEEE 802.11 # st > i@ ¥ £ 5 F  $£4# ( Information
Technology » IT) 2 % - LTE-U 2 LAA R & At 3GPP il it » 3 # 4L 5 3 2
#iks (Communication Technology » CT) A2 % - F ¢t 5 B R B33 b A ¥ a0k S
fou s o WA FARFEE LA E A A R LB R ST R L By T 0
%18 WIFI & & #ist {Fr’f (offload) /& 4 3G/LTE :ireniviz+ 2.3 & > P % 2
HABNEHTHEY TG E2NFREEE WIF &5 % % 212 (Wireless Local
Area Network » WLAN) » % i LTE £ WiFi c4p = i& ¥ (Interworking) #% 8 # =
skid & o BB 2 e Fed B LWA (LTE-WLAN Aggregation) » £ - B &
ERK T CTRPFEAFHICT e HI - BB 2 BB 2 P RRET

AT e TR G A ET o Sk o
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& %

WLAN RANAssisted  RAN Controlled
Offload Interworking Interworking
Offload
LTE/WLAN —
Interworking /.
Aggragation @ v
LTE-L
LTE over
unlicensed ~ LAA BLAA
o—Pp—o

B 2-11: LTE Bt AR RAFHEIRFRET R

7R kR Keysight, LTE in Unlicensed Spectrum

RAELEMF AEAHASE SBLNBFLR T MR 2 %3tk LTE-U -
LAA 2 LWA shtiiefi d - 5343 RS fhor 2 R B 12 R I A REZ 2 E

EREFLE

-~ LHEEE N S8 L RRR

(=) P LREHER

LAy M P AL WEEPM Y € R F 7 T S F 2
HEER O UTEBSBLABEE DL LA o

> 1 ﬁig * 7 4 £ (Industrial Scientific Medical Band » ISM band )

1%%*?%’ﬁ%%?%ﬁﬁﬁﬁﬁ%ﬁﬁ%li‘F?‘%%ﬁﬁ%
Penig 2 AR TRGIHET o1 FTHERAE ~ALH AKAE >
TASRSBEEEFRRA 2 L6 LBTFRA o (0 5§ 7 IKHZ-
300GHZ = (2-5 3 i # % 3 47 %))
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>

L RREERFT D ﬁh%] #7 £ ( Unlicensed National Information

Infrastructure Bands > UNII bands )

£ g4 (frequency hopping) = #ci>3 % (digitally modulated ) 2. 7 3t i

ﬁ%l & B B TEHE 4 ] 5 2400MHZz-2483.5MHz ( &% ISM) 2 5150MHz-

5850MHz -
UMNII-1  UNII-24 UNII-ZB UMII-2C UMII-2  UNIT-4
.‘ t + i t 4 +—+ t
5150 5250 5250 5470 5650 5725 T'b-ﬂflﬂ:l 5925

5825 rMHz

W 2-12: 5GHz L FE FI'% R ST QIR ELA e

FH KR kTR

>

% % #g & (Millimetre Wave Band » mmW band )

YRR SRR R Y 23 BARFTERE D gRT EL R LA
e 1747 5 45 ] 30-300 GHz » #-% IMT2020 (5G) 7ndig * | ptAgE o 2
AP AR $e 57-64 GHz % % & ¥ T ¥ 4% (High-Density applications in the

Fixed Service » HDFS) i * » 2 76-77 GHz &2 §®F i g ] & SLig *

AR B LGk S4EE (Unlicensed Personnel Communication System

Band > UPCS band )

ABRFFTPNEMNE T LI LA de DECT st A B EBR A &
FOOLAEF R INERT AL A4 (O S 5 1880MHz-1930MHz ( =

4R * B 1880MHZz-1895MHz ) -
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(=) 5GHz UNII 45 £ B % 0w 21 404

AR H WA R RREGHz AR RAT R o s BB o

UNII-1  UNII-2A UNII-2B UNII-2C UNII-3  UNI-4
1 1 L 1 L
T I

L T LI L]
5150 5250 5350 5470 5650 5725 5850 5925 MH:

us 100 MHz 100 MHz 255 MHz 125 MHz :

(o TAEW 100 MHz | 100 MHz

.Iapan 100 MHz 100 MHz 255 MHz
180 MHz 130 MHz

255 MHz 125 MHz

MLGICE] 100 MHz | 100 MHz

AENCENE 100 MH: 100 MHz

[l Operational = Planned ~ Under study
W2-13: ARerH e L 8 RMROECGHz ARBIFLE AL &g * Bin

TR KR AT R

2013 & 7 * % WK (Department of Defense, DoD) = £ 5150MHz-
5250MHz # #4 i * »ti5 g #2p] (Telemetry ) % RuizRid £ § ¢ (Federal
Communications Commission, FCC) %> 2014 # 4 * 1 p # % 5t é £ FCC
14-80 » # 2z 5150MHz-5250MHz = UNII-1 e £4g 6 > ¥ -5 5725MHz-
5825MHz z_ UNII-3 #g &4 & 5 5725MHz-5850MHz - I+ p# » FCC » -3 & %k

- 5 #-UNII-2B & UNII-4 47§ ) -

4 3GPP, TR36.889 - Feasibility Study on Licensed-Assisted Access to Unlicensed Spectrum, , 2015,
available at http://www.3gpp.org/ftp/specs/archive/36_series/36.889/

100


http://www.3gpp.org/ftp/specs/archive/36_series/36.889/

WRERA 0 d ER FE F 25 (European Space Agency, ESA) ik 5
European Earth observation programme # #4834 (GMES) %4 UNII-2B 72 #
B pam @UNI-3&= 7 Bacd om p A& é_*tﬁ;ﬁi’ﬁa%'lﬁ’:}iﬂi#ﬁ.# % % ETSI»

4F ARG P B R - K o

ORI B S AR 0H BT TR AR o A B R B dp o
B R g T B UNI2C» R Fl s a%t 82 %4 &Ry
75MHz - ¢ B+ ey B3 B 2c UNI-2C » &8 - & ehE_ ¢ &+ - 5725MHz-
5825MHz UNII-3 #g £ £ 3 100MHz 45 % 2 &~ e 6® RS ~ P WT G ~
¢RI ke B e F g poh TEYH O R a8 (Service Provider

WLAN APs, SP-AP) -

At

CRRIFNA o kg ekt 105 £ 8 7 23 B oA chiN F B T S H TR
#475 p e B UNI-L - UNII-2A ~ UNII-2C ~ UNII-3 » 4 B 7% 2 4% 5

Rgesoe £ B FCC Ap i -
(=) LTE-U # LAA#* 5GHz UNII #f £

d 3 2AGHZ MR E A2 R E L BRI E ¥ o AY Jbd 3 B
(P FIHHp = o T Wi-Fi 3£ 500 BRI E S 72MHze A 3 B 4E(mmW)

AZR RGP HTREF T P R LTERBEEER > P22 7 (7 0

5 GHz UNII 4 £ B $ #-iF 500MHz s 4 5 > @ ¢t @330 4 chgr 10 45

M b e ApITAY LTE [k Susag > Flpb = 5 LTE-U &2 LAAFH* 48 2 @ 5 LTE-

VR BB L R €, B0 T FEHE R PR, 2016, available at
G_Fi

http://gazette.nat.gov.tw/E

leManager/equploadpub/eg022158/ch06/typel/gov53/num8/Eg.htm
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U ** 3GPP band plan 4 %] 2 Band 252 (5150-5250MHz / UNII-1) ¥ Band 255
(5725-5850MHz [ UNII-3) s ¥ R sfaffes A0 2 5] 5 BB R » WAy
B F R H Y o @ LAA 5 3GPP band plan #_Band 46 (5150-5925MHz) -

B EE D RAFEREL GPP R A& o

Unlicensed Spectrum available for interested bands

300

0 I I

Z4GHz 5.1GHz 53GHz 54GHz 58GHz 59GH:z

MHz

W 2-14 : 2.4GHz &1 5 GHz & # AT £ 5303

A kR ¢ Huawei U-LTE whitepaper

=~ LTE-U ~ LAA 22 LWA B jirf ¢

LTE-U £2 LAA £_p # 4G 7% 54 # B> & R/ BAEE (Unlicensed band) +
- B RTEBHO LTE-U P w4k 2 1= %5 3GPPRel. 12 % 1% 3 Hjkw( Proprietary )
A &4t o LAA B 5 3GPP Rel. 13 i€ i T &1 ;85| 5 H iR o & “‘%}‘ 23 a3z
PR 2B A A e 4] LTE-U % 33 o & # 4 ¢ CSAT (Carrier
Sense Adaptive Transmission) B34 > @ LAA B4 * 3GPP £ IEEE £ 3T #73

E 2 LBT (Listen Before Talk ) #&B-35) o & 87,58 914G (78 TAF B A R R
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PR S (Carrier Aggregation - CA) ©

7 Ab st LTE-U/LAA 2 g ie s 5 GHz A S g # 27 4 %2 » o 3%
LTE-U/LAA 5 2 2 38T T 5 0 S Ll s P 2 3Aswie o 8 i 4p

B P P RIAE SL At (S o

(=) LTE-U/LAA Hjiei it & 453 o

1~ LTE-U/LAA i ig

SGHz 4 &P 0 4 th 13 t & IRIFE 5" > @ B & 4 i £ Wi-Fi
AR TR -5GHZ MK L § 17 500MHz ch3 8 > ¢ & B IEIE 4L cht
W Apirat LTE i siaai o Fpt > M B Z g/ *3ma b
GHz # #4 e #g £ (Unlicensed band )#& & {7 & § 4 PR3 & % B £ 4 B LTE

(LTE in Unlicensed spectrum, LTE-U ) # s -

LTE-U & LAA #RE_ AU R & 2 4 o T (7488 (Supplemental
Downlink, SDL) # > ™ {72 4= ( LTE Frame Structure Type 3) # it 4 !
S N I A RBeOR R AFEEAT R BATEA T ehA Ko d M ILGF
RAFF 5 GHz LA RAEEF 5 4] > = F ) s (Small Cell) & #
2537 7% Ao ¥ LTE-U/LAA H b33 & (non-standalone ) =% % 5 ¥ 7 4%
REF o @ R LTE HRAREER TS 4R UL - ARIFE TS A LAp i

%,.&r—f@o

103



MR MA AL MM A AN T

I-'ﬁ'iu:ua_r} .\'\;‘ ’ et Sm'-.”da_f}- pﬂ'il!i':l.l':-' ‘-.__- % I,
carrier b camier camier I Secondary
(downlink only) - ncu:ru;-:‘.
(st up & down)
i Ll

W 2-15: LTE* LR BIFL BB FHR T

fed i &4 LTE-U ez & » 3GPP »t 2014 # 9 # Rel.13 a3t

P - LTE-U $jteis & LBT #4118 > 5 » Rel.13 <= 7 58 p (Study ltem)

oo TV %G T #es 4B LAA (Licensed Assisted Access ) - 2016

£31 15875 3GPPRelI i 40 « L HPAFE L § 1 T (7AAK I

s 4(4c® 2-15 + )P it d 3GPPRel.14 842 @ » 2 LA L eLAA

(Enhanced LAA) -

LTE-U &# LAA i & g B 304 7 b g B0 0 4eB] 2 -16 97

7 o LTE-U # * g\ AR R VO M %] ( Carrier Sense Adaptation

Transmission, CSAT ) 4] > & . R PBAFE @ * AP Ec i 45 LAA B &3

* P15 1% (Listen Before Talk, LBT) #4] » L 401 * cnd S AT ELiE

TR mE W R ] TR AR Y LS ERG Wi

Fi JRAs>S A HBATEY 2382 G o
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Adaptive duty cycle (CSAT) based’
for early deployments in USA, Korea, China, India etc. using 3GPP Rel. 10/11/12

20ms - 100s of ms

LTE is off g LTE is off

Sensing channel
utilization

Listen Before Talk (LBT) based?
for deployments in Europe, Japan and beyond using 3GPP Rel. 13 LAA

l---.-- Time ===

1-10 ms bursts

Sensing channel
availability

W2-16: LTE-U2 LAAEFLE T W

A kR ¢ Qualcomm

g+ b LTE-U #74k CSAT 41 R B 3% & 7 enh 1133 48 % Rel.12
PARAREE S ATASE T (FE G HEERE) iy 8
FRMEBALED 2RI OEFERELAA E‘J%ﬁ—? 3GPPRel.13 5
Foopwe PREREY LBT b Rdo i BE 2 P A BALFP AP A
B LAA S i & RFI&203%3 B4k 17 5 GHZ R TARA 7
Carrier Sense Multiple Access with Collision Avoidance, CSMA/CA # it 3

s
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2~ LTE-U/LAA &2 5GHz 2 X% 5 égdpa;g e

d 2R 5GHZ AHBMEEEF R * FF7 gk 0 & fongt
AL § 4 - &> ¥ CSAT & LBT 1 & §_LTE-U/LAA ¥ ~ {3 2 Wi-Fi
kR AR g Ra "7 Wi-Fi # > B FFEE{ NG hs
3 &4 F LTE-U/LAA & 7% = IEEE 802 ntiitff » bl4r 1 s
F BB R B B Bt g St 2 F 424 Transmit Power Control» TPC)
% # ji4F £ 4% (Dynamic Frequency Selection » DFS) % * 3@ s | »

FETL 4o 4T o

Appliance/Max EIRP(dBm)

Features

UNIT-1 UNI-2A UNII-2B UNII-2C UNI-3  UNDI-4
T T T T T T T T
5150 5250 5350 5470 5650 5725 5850 5925 MHz
. I —
3 0
EU DFS/TRC/LET DFS/TRC/LET
. Indoor/17 30
China DFS/TRC
Jﬂpan Indoor23
5. Han'_a Indooe/17
Taiwan

[ operational Planned Under study

W2-17: tAS5CHZ B* FHRZ2 3 FERAFHAFZI LAY

FH kR AR R

106



XA BT RSP EWA R 0 0 dp AU R R
Pls p RS gep 2015 8 10 1P AR * Ap ke P ETSI R 1R EY AR
P& % B FCC Part 15 ¥ %.4piF » i & 30 T s 0 0bif T 48 B |
¥ AT P TamyEail @] # (Unlicensed National Information
Infrastructure, UNIT) ; 2 4p B 4= > k35 4.7.1 2 3P » UNII Phdp 3 1F0
5.15-5.25 GHz ~ 5.25-5.35 GHz ~ 5.470-5.725 GHz % 5.725-5.85 GHz z_ %
%&%’@*ﬁﬁ%ﬁﬁ%ﬁﬁ”ﬁ%%A‘ﬁiiw%%ﬁ$?ﬁ@ﬁ

@2 FE R FRGL G o 4B ML T

® 472 FAHE -

® 473:7 &&FEt2 UM o Rk T h e B SRR

® ATAIj b ¥ BTG S S A (TPC) 2 & 47 528 4% (DFS)e

® A475:%525-535GHz p Ak iv2 EAAFAGHEHA OTFRRT

® ATOIAMFTABMARAFLREFULGLFH 22 FFF LA
B drd AT TR > B ETIE o T o

® ATT: RS BERA DR RGP R RS AR ok Wi R
BH P bt IR P BUR AR TR Y o

® A478:FM2ZAKEIRE 22 &R T2 LY -

AR kBT B EFE LTEUILAA 2 3t L g T F

e
P

B grw 5 GHz & 5% & D% S 2, 2014, available at
http://www.tele.soumu.go.jp/j/ref/material/test/index.htm (& t5 i £ P+ 2017/06/01)

4 ETSI, Radio and telecommunications terminal equipment (RTTE), 2014, available at
http://ec.europa.eu/growth/single-market/european-standards/harmonised-standards/rtte/index_en.htm (&
¢ p : 2017/06/01)
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(=) LTE-U/LAA B & 4p b & & Poprdz iR 1t e e

1~ 1M €& Hpe
(1) & 5= F 4] (TPC)
WI-Fi il F 2 SR T o @A R S 2 s s |
PARAF LRI GRFHF S WAL GEAL T RIS S

Fo B I8 780 2 e GSM # F Fr A 1T B S A8 (kR AL

AP STA
AP's transmission power .
- - broadcasted regularly -
DU Normal frame transmission.____________
- Adjust own - "background" process - Determine
TxPower own TxPower
- Determine STA-specific power correction .| as
STA-specific - unicast frame AP_TxP + Corr
correction
term

* New control signals conveyed in

— BeaconTxP in Beacon management frames
— ATxP in Poll data frames

F# %0k IEEE

(2) # ji#g 5 E4#% (DFS)

DFS £_4*%} 5 GHz fwm;rsg BF T E kT i s

Wi-Fi o il 05 0 Rlgcie * G ehE A R - L S
FRERPUE S AR FAEAE o pF TP ch WIi-Fi » g#ﬁf’?g’é
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s BE R F RGN B F N UE S B E WA FE R R

FEEARIRALFE > ARDFSH T o Y B F 2T EMX

WiFi =+ 3 -
(3) 4R I i {28 %% (CSAT)

508 WIi-Fi £ 15 > LTE-U 4 * CSAT Hjiv> 44 * ¢ g i

MR A 7 AR T ek & B (@ 35 LTE-U &2 Wi-Fi AP ) su3tis i
PB4 Bcsr o ¥ i 3 173k Hp (Adaptive Duty Cycle ) » 5P BF 7 4 38 (7
EREF LERET Y EBAR AT RF 2 p a0 F )

YT Bl AT e

Carrier Sensing Adaptive Transmission (CSAT) Example

o
R @ e

20mset 16 3008 of moec

LTE “OFF"
LTE “ON™ LTE
Sensing channel WiSnaten QA" of the time in the (/8" of the time i the 0.9 shown) CA™ of e e I the
From 5ome 1s 100ma timets sme .. hewn) To peopartonately thare chanvel with ag hown)
LTE estimates ¥ of active WeFi APy Wi-Fi

and deterrmngs LA On

Provisons 1o aliow for atency
sersitive apps (0 g VoW-FO

W 2-19: fRERT 1},}’}_@%?] (CSAT) ##li#2

7R &R - Qualcomm

0" Qualcomm, Making the Best Use of Unlicensed Spectrum, 2015, available at
https://www.qualcomm.com/documents/making-best-use-unlicensed-spectrum-presentation (& i< i
p :2017/06/01)
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(4) *FeisiE (LBT)

57 % Wi-Fi £ % 0 LAA # % ch 8 LBT /i o LBT el (v 44 4
LAA Fhi 4 b ficdy @ e L feac i a3 5 ddn a0 A
3 & i & (LTE-U~ LAA S Wi-FiAP) 3tis4 £ T > i @353 4p

o BRABE DR F reF o A AT TP AeT BT o

Example of LAA/Wi-Fi coexistence in the same channel
(LAA design based on LBE)

cCA
$iff“ Idle peciod Penod
Channel occupancy »= 204sec
: time: 1~10msec : —_— —
LAA | 1t 1
(LBT/ICCA) | Falled CCA 2 Falled CCA

Fa led CCA
SULCOsS

Random l
+ Time

W2-20 0 £FisE (LBT) #4140l

744 kR : Ericsson, 3GPP

(5) #+ % & (CA)

LTE 7 ~ #f g1 (frequency division duplex, FDD ) £2 4 p= 1 (time
division duplex, TDD )@ &3¢ 3% & > 4p >t @ sbeniz #1 e LTE
At e v 2L 5 W > LTE 242 1.4 MHz 2 20 MHz LA S
% » 3GPPR10LTE-A (LTE-Advanced) #t%_% m? HEE (CA) iuzF

B3 5T BPREE A4 5 240 (component carrier, CC) -

lf:t

FEEERAE] DFRABREFD AR EEFDEE > T F %
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RAMF DT AT T o F LR S R U
H - fi5;¢ (FDD & TDD) a#g & ~ 278 & » F17 3GPP
R12 2 & v3¥ FDD & TDD AR & #-55 R & » ~ R AR TR

S gy o
(6) ~4E g1 A LT (7448 (FDD SDL)

Benadp Ll TR L F SF DLt T FAE S d N F R
EHT AR Rt TR T R B > ARERES %2
B 5 R R EHAT B SRR S PR AT 5 o 1Y
BR T AMARGTE O MMARA S TH LT F4aR ) (Supplemental

Downlink, SDL) » ¥ 3 & * L F £ - B 5] -

N Aggregating All e
' Spectrum Assets arrier
LTE Small Cell )
Paired Carriar ) \
Higher Bands /|,
(26 GH2) Carrer 2
Low Bands ™
(e.9 700/800 MHz)
Unpaired .
SOL
(0.9 700 MH2)

W 2-21: 4 AT 74pe (SDL) #4#

FH kR TEC
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SDL = ** FDD % #t# § 3. 7] 5 $:3F 3GPP R10 4.4 » # 9 .
i i £ #-FDD 0t (745 4= (UL_Frame) B B > & 38 % gt = % fad e
BEIS LG ) PSR s b e m 2 H by R IRGE
FRPRAREFR TS A5 2N P RETHFFT R RET

B T A 4

AT FAARL TR Y AR W A 2T RN P R A E S o
Eyh P 3GPP 2] A fF & 700MHz #E £ > 45 * Band 29 (717-728
MHz )~ Band 67 (738-758 MHz ) #.%] ; 1.4GHz #f £ > 4 Band 32 ( 1452-
1496 MHz, L-Band )3 > 1 2 2.6GHz #f £ » £ Band 69( 2570-2665MHz )
AP A A TR T FeaRAE S (Downlink Only) 5 g+ #b > & 5
% 34 BB #E £2 ¢ Band 252 (5150-5250 MHz, UNII-1) * Band 255 ( 5725-
5850 MHz, UNII-3) = F]pt » & & SDL e 4icié * 1+ » & ¢ FIk 3 H B

WEELRBIEE DRG] > A 5 2 g 415 Ko
(7) > t7:4= (LTE frame structure type 3)

=14l LAA chiET 7 ﬁﬁi%] » 3GPP Rel. 13 .4 F PEE-R AR 3
FDD (Typel) 2 TDD (Type2) & f648= i 4 40 1 4702 T 731
1= (LTE frame structure type 3) & 4= =% ++ 5 GHz < Band 43 (3GPP
TS36.211) R E %k L TDD :+=¢ 10 B = 4= (subframe) 2
RELTFEMEIHA LT (7RSS Rt Fpneaizs

g SR
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2~ 3GPP %4> LBT ¢2 SDL 5 v 2 &

(1) LBT »* 3GPP {52 it enfijirp 7% 228 B

p # 3GPP Rel.13 “#= 3 5 p (Study Item) ¥ ¢ # LBT > &
LAA st 5p 2 - » TP 4 LBT 2.8 7w AR B 475> 4 % 5 Catl

% Catde i fi+ LAA(F LBT)#-4 » 3GPPRel.13 %jeo 127 4 % LBT

» X EHw- (Cat.l):NolLBT

FIE L RAEE 77 i 7 2l PR (blde? B BREE G
FAREZ FEFF ) REEFHE &7 R LBTRE 4 N
BiE (Cat.l)e #f i - ﬂ;*{‘ﬁgﬁg.ﬁhg\/}i?\r R AL

L2 FDDSDL = i * % o

» I EHw - (Cat 2): LBT without random back-off

i 5 # & ETSI %4> EN 301 893°'§ ¥ #gf y= pF F 1| 7
( Frame Based Equipment) 4~ % ; fpi7>" LTE-U CSAT $£4 -

» I E#Hw = (Cat.3): LBTwith random back-off with fixed size

of contention window

fei2 5 4p 2 ETSI 44> EN 301893 # ¢1f § 2 %7 (Load Based
Equipment) » % -+ e g0 A m P LRI ER * o
PR 2 AE kg T P PR T BB o

1 ETSI, 5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of
Directive 2014/53/EU, available at

https://porta

|etsi.org/webapp/WorkProgram/Report_Workltem.asp?wki_id=46061 (& s i p -

2015/10/01)
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> & E#&we (Cat. 4): LBT with random back-off with variable

size of contention window

iz 5 4p 0 ETSI A 4= EN 301893 ¢ & §*]%7 (Load Based
Equipment) 4 % » 2 § 27 Cat. 3 # I 2 et Cat. 4 (%302 FH 7
PRBEETFPN GREER YR FREG R RAERA R
oo IR T 0 BB S o

b fER R A sldedpE xendd o FlE LAAE R R 2
¥ 3GPP € k¥ ARERE A M- 0 B i 2t 5 GHz £ H R
ApEie £d IEEE 4 enWi-Fi @ % > F]pt 3 & % 11975 ¥ 4t enF e
W TREEE WIFI G fogh £ o fARER Y o G- & ] B3
% > %21t 2015 & 9 * 3GPP RAN Plenary % 69 = ¢ il #§ LAA =
21 0Fp o IEEEL g & fk B BN 7 Wi-Fi X 38 F857

EEHE 4T o

I LAAZH B LAA X3 N2 ARBIHERELELH

I {7 4hE AL & 3GPPRel. 14 1 it/ AT g H ] 7o

(2) 4 2T (AR 2T (73042 3GPP R IE (L gt § 22 e R

3GPP Rel.13 ¥t>t LAA i‘iﬁ»%‘f\é‘ B dL SRR A #;,; B * AT
flen> T iFAdzEr W EFA 5 GHz (Band 43) #iF - g H F 2 xH R

thE % » 47 TDD z’v’ﬂgﬁl‘z:@ﬁ#iﬁ%’ A - BRIATT RS SRPFE
MR 5 W4 Type3 > F1 4 TDD i o ¥ 2 % 2 348 2 T (7 e 2k 4F
2 5|2 TDD Mt % HR & & 45 FDD ehB &4 A4FE o &
RLTE-UB2 A & » 3GPP it » 3@ £ 31238 B g2 7| TDD "L 3 &=
Ao Ft LTE-U s t=sk 3+ {1 * 7 FDD 3uf= 44 * 3GPPRel.10

FDD Supplemental Downlink -
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(=) LWA Hish &

7 LARME LTE 5 — i = i g 2L LTE 9 WIFi a8 % & $is( LTE-
WLAN Link Aggregation > LWA ) - 2822 LTE-U fe LAA 175 — & X £ » v §_
HF R d 2 LTE-U fv LAA v R2E ¥ 8502 o 584 LWA > ¥ » 3t LTE F#2
3 ng\ﬁr v — R € Wi-FI @ﬁ%] s FlAR R i LTE & & ki3 - LWA
T s Wi-Fi #80 k3~ LTE #icdp PRI% 50 # 0 & 802.11 MAC =2 ¥ B

LTE » Flptse X v & & @i LTE FA > £f A kfrifed — 5k o Wi-Fi o

LWA 4aiie % & H Wi-Fi 45 & A R BAFE + (7 > & LTE 488 2 4 BAE
BLEF o b s BE L 21 WI-F g 385 Kﬁfnmp@;gﬁ
EPC # i aRis? JEF o BB JRIEE 5325 IFRH S WP~ E2FH
o B s o LTE G804 > ‘“FR%Z»)’T*Lg 9B @ * 2 (9 F 1Ll i Wi-
Fi €474 b 4 o 5487 2 &7 5 4apt & % 5242 TCP (MPTCP) 7§ Bh#gin >

Fed » BT REDFHEAEREEY o @ 3 FEw Internet o

LTE aggregation with carrier Wi-Fi

W 2-22 1 LWA & 3LiE T3

7R &R - Qualcomm
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LWA e Zehiefz e LAA - 3k > »F 2016 & 3 * I ;4 = 5 3GPP Rel.

13 ™A fe o

LWA $jiwi * i 42 (Dual Connectivity) 4 @ c3rs s Xl (UE) F
e — A 4 (eNB) fr— B Wi-Fi 3P~k (AccessPoint » AP) & {73 2 -
HAgivzhaRié eNB 2 UE FPgsm Uu 15 ehdte TR BRI T
(Packet Data Convergence Protocol Layer - PDCP) ¢ » 2= > — B Split DRB (Data
Radio Bearer)- ¢ eNB #-7 7 (Downlink) F#l4+& % PDCP & 4 in> @ d UE
B S T R4S kA £ 4724 (Reordering) w ok 0 3 EF i R E

ek [T RS R FHIRTORRES

. LTE-U ~ LAA 2t LWA éhlr & v ot IR0 4 45

i

A&t 4 2 LTE-UILAAILWA = #4841 > 52 X300 1% 5 GHz 46t =

Fh B2 * i B TR e FIHE R E P HL R @ 7R e o

LTE-LU LAA LWA
LTE in Unlicensed Spectrum Uicensed Assisted Access LTE-WLAN Aggregation

3GPP Rel 12 and beyond

m SERRSARNASHREAE @ SSEDRENBSHREAE | ASERMENASHERAE

Wl 2-23: LTE-U ~ LAA & LWA 1t &

FH kR AR R
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BLEAPR T 5o LTE-U ~ LAA 22 LWA shgiiesd B > 376 547 3t
Do B RATEMEGER YRS e PR S EILME R - IR e

® TENET > LTEE Wi-Fi 2t A { B E T o Tfoib £ 5 > L g
F sl R E R WICFI f i ot ks B I KR L T iR
s 5t (LBT/CSMA) B B @ B (B4 2§ o

& LEPTAFFFEINGHF AL FREILE G K E T HpF

oo LipiE T RG] -

® (7 E‘ﬁﬁi—‘ﬁ EET7T R AHBBEEREEF EIRBI Ty ?

® FEIMFEFLHY CNALRARPELR T BP0

® ki FEEBRMEL LGS LTEULAA & > L3 § 1R & 2.4G Wi-

Fi— 4% $@2F Map R WA 7 2

ju

41 5 GHz AR RS T 184Ap M BACR A2 £ R4 > 2 L3052 kih
PBATE CRPIEER > AT s DG S BH BN JEERRET G
KBTI o R ARP 0 enF T2 000 2 3F % Hghe %”'}b)‘f‘u LTE-U/LAA 2 LWA

S RN ERALF S A A g o

Bl 2-24:5GHZ ARBHEE T BHAKLHE =R T L EL 5 %

FAKR AT R
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5GHz Bt R BHE > i im A 3RF 0 % S F S AR A I PR - 2
FORRBERERDERR S R H DL GEITRTE B Ay LR
SRR TE NI R I KA SR RSP EE LY

— R AR A LR R LT IR o

LWA & F 4 - B a3 738 LTE eNB » iz e 2£22 eNB # & 2. Wi-Fi AP &

@7 A s LWAC BIR GG P SRR R SRR B

WRATLEIWAZ B Y FEA R FREE P AAREREF 2 HE
BEREL L0 Aadridp oo RO LWA 2 R L

LTE-U/LAA R|4p $F#2 5 4F f2 > & 4“ BT E Yy B LTE Hogis* +t 5 GHz

‘H:FI'FA ’ #Eﬁi*’\ 5GHz z 595., ;}j‘;ﬁh‘ [33'4-’\ T4e )‘—7\31[7‘:2*5:0

LTE-U/LAA &+ cni B 430 H &2 WIF fogd & 05 2 Fped 4] > LTE-U # &
F7 Sr 3o EH L R EARE PR T S E XA RA L AR
R mERF > BYREFTFHE P o 1 LTE-U £ 2L 3GPP 13 » £ & * 3K 4

PP M REARZHMFLFES LI DRAE -

i@ * LBT 412 LAA 2 53 ~ 3GPP % » A kB F g d WP P
BHLBT RN FL &% SCGHZ M & $ 22 i > 5 M LBT 412 # a0 7 K2

RIFEIAR - 7 SR ETSITS 36.104 2 TS 36.141 & Hjki e -
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g
I

T REAREIBHAARG KL RS

7\

RS E 3 842 A4 R

THREEEF (TVWS)

(=) 4+ 3

FEIRRRTVWS 2 # 8 » W~ ¢RI & AT EFaRTAREE
ik > 2009 £ 2 W=~ AT AREERE > Bl 8 RTARIRIFHIEH T
RTINS FRGFF I BRI ARBEETARATULE P 2 WD AR
PAFAR R 0 Z TP LT A R HIR MR AR FTRE A
e BB AL 5 White Space o 3 B3t 2005 # & (T Hc i R AR E 0
2012 & % % o Hein e 150 FF T B DAL S @ET 5 eh 256MHZ 47 34 -
W F IR A a1 * o B 4EE (Interleaved Spectrum > 5 White Space ) >

RSt S R A = L

LR EE S L ISR SN e e i R S S
ERHER B2 AT EHE R TRR A RER Y XA R

o S ER S BRSEBTVWS 2. 25355 8RB & Bk B B IRIE o

FrocE Pl T AT A T ARB A B TVWS 2 v A F] AT

&

H B R R LR BRI RIPAR FI S T AR DT AR 4R AP 3
RBR* A DT ARME > FU AT AR AR Y g AR 2 F R
oo At 2 8 IMDA (Info-communications Media Development
Authority of Singapore ) 7+ >t 2011 #4= » % & FU AR E K F P L 27

MEFHE R BH TVWS Hjis2 8% o
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(=) Zihikrdyg

2 RAA TVWS g3 2 3 4] > 2 R & p 3t 1934 &30 2
(Communications Actof 1934) % 301 ~ 303 ~ 306 % 2. 4= » | RTH F 2
PREIFCCHET SFCC Y FESES  SHTRP L BRI o2
B Y ETH - EREHTRF IV ELNC AL JIEELEPD

B SATHNBEE RS R AL o pER Y

f ApfE2 T o FCC 137 TVWS i * g0 2 R B0 {7 fo L] 47
CFRPart15 - m Bz @ RT3k & (RadioFrequency Devices) ##2 o H ¢ 7

AAFE K (Television Band Devices » TVBDs) £ % 2 fjisih #2184 5 5

21N

15.701~15.717 i A ¥ 4 B2k % (White Space Device » WSD ) » A #8214~ >
FOAHBRR CKAWAE A I H R TR R R FR L2 F

i o

PR

ERERTHEFEARH 5 2006 £ & BT 572 Wireless Telegraphy Act
2006 (TALWTACt)> & 7 -4zt * Ry ABF L XA FTFEF 5
B R gEp b BRI E o &4 TVWS 2o 2 4R % p > WT Act % 8 i3
MEATHIA PR 2 423 28 > % 81F (3)~(4)~(5) 74 Ofcom &3 & &5
TIRIFZ €37 T T2 /T > ¥ 47 FFORR B 28 TURIET LR

B2 A TR

Ofcom iz 45 + i $2 48 4137 The Wireless Telegraphy ( White SpaceDevices )
(Exemption ) Regulations 2015 {7 FcsfL ] » 4 — 4o TVWS 3k i 2 4 » 30 A
HE i g FORE A B ALK 2 R o dEiR| R Fl 2t Ofcom ¢ 2015 £ 12 7

AR FNERTVWS Rt 2 9 G 3% S XX BRF ERGE > Ry @y AL
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Bz pw Ofcom ¢ % &

Iy
%
S
e
e
ke
(w.
=
=5
%
i
B
_ﬂ
%
S
ok
=
.
4

TreE 5 o

AT BT I L PR R RBFTHEF IB3~350F 0 g P
M7 > 28R % 8 xR AaRTHEEA o A4 TVWS £ 3 4
Fld SBHREHS > pAIMH LT 2R HEIT o 3 F M IDA kg2
#1377 24 HP] Telecommunications ( Exemption from Sections 33,34 (1) (b)
and 35) (Amendment No. 2) Notification 2014 > & TVBDs z_ % &% # i * 4p
¥Rz TAAEER ; ¥ b TVBDs & Jf 5 - 43k # % 3= (General Equipment
Registration » GER) 3+ $ $# % T %o % 2 PRSI & H+ T8 FTHRE
FIE o IDA R FOREF I F R pATAR R 3 Y SR B AR
%J‘Fﬁ’*? ( Services-Based Operator » SBO ) o &« & £ H4F 3# & 3 ¢ 1L 2% # 0 IDA %
2014 & 11 % % % 3 S SRR G SRR # G 2

TR L NBRTVWS 2 i % o

(2) Rpim

1~ WL HBLRA

FR>r 2008 2 F ARkt BRABEMH LY o R & B E FCC
Frch £ B de2 3k #w (TVBand Devices » TVBDs) » 7 &34 & {1
*F R AR o FCC 4p > Bl EATH S 2117 0 %0 H e m R
WM ZAFHFEL > PRI s o 3 BN E LV ERE R
K I ATE RS FCC3n s AL AR AL B e * TVBDs thik
BV Si- ko GRE RRER IR BTG R AR K
FIZ e N odept 2 W B IFFHIELIRTPR Y o0 FREEER ST

R BRI EY T - B BB A F R EF R R
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PRARPE » B i AR BUA T PR R R B e R R T kR A
PR AT E I L B RIEE § B AR AT A F

BRI EEMERY S BB BT o ST % GE R

LA - o B IR

Frde bl e A L TVWS ehig # b e enfhdf o i % o o
= IDA TR & 2 POl (TR o @ i 2 TVWS ek & (White Space
Device » WSD ) » & f i€ i IDA 7k & e 4> - Fl 2 WSD & - 71 274
B T A g B F AR E 0 IDA F % - LK HE F e (General
Equipment Registration > GER ) 34 » 14 > & (%42 > i i IDA R
FihkE W S B IDATER R KRR EF B ERRF ¢ J 29 GER

w IDA %35 WSD » = i 309 6 5 &
F

# R 2007 & B 424 TVWS pF>Ofcom # Digital Dividend Review
®oig e ik A B (Licence-Exempt) =i # > @ {53 2009 & Digital
Dividend : Cognitive Access * - iz ¥ 2006 # & % 7 %2 ( Wireless
Telegraphy Act 2006 ) Section8 (4) ¥ (5) z 4 % > Ofcom 32 5 & s
PAPZAXADRFZEAELF T IR ATUANRI S B EF L
TR > TR TR # O Sy T TVWS 2 8 * o5 ¥ 2015 # 2 ?
F I T 4R White Spaces #7 £ ( Implementing TV White Spaces ) #-p? < ¢ e
# % > Ofcom e ¥y 2 5 5 B White Spaces 3% # # & ¥ 41271 (White
Space Devices Exemption Regulations ) % WA F ek Kb FRKE

B3I TR i (FAL
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TVWS 4 5@ f FE%F #* ¥ > 2L FLRFR I B AT

IR

=

) a%#gﬁv@%%ﬁ%

o

FLE G SR PR T R F TR R B
’*—*Ff“r’é_i*‘oil,&] B~ #7408 2 ‘-} BEEinsesat o B & @
3t TVWS 47 g3k % (White Space Device » WSD ) # 38 #7 teds TP -

FAARIERATHEEF LEFRERE I b E L Fa

21N

g% '*FTL;I%;‘E SR HaHEERR R RTE c WSD R & Hih
F E_—?)JF&,ER WHE AR DT LR AT @%114 CE R
FEFD EHRFRBEXF T FF PR EBF WE* ( White Space
Data Base» WSDB ) 4 W[ i@ iv> @t 2 B & A L F > i Ak WSD
hig * AR KAXR 2 > WSDB 2 B i 7 it § R FRnE o de TG R
PRI AR Sp S i€ * o 4ot @ MU AR ~PMSE( Programme Makers and Special

Events) JRi% > F &M irde o At » R ¥ R ROT A o

R FORESS FREA BB ORI MR FTR R S ¥y
ARRESRLEE RN DA T e AL DT L AR RIS
ol L AT FTALE W FAFERET " 0 RFF R T H Lo TVWS K i
& R F e WSDBs 439 AR NA BRI - BEF LA TR
PR OTALE R T T R B R TR RIS E 4 T e
HFET HAFF LR T @@]ﬁ CE A Fla TR RRAE S
AR AR g HIEYL > 28 T T g B3 B eng St S0 4 s

W T 2 MR S E T U AL AL
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3+ g

TVWS %4 2 #6825 1 427 44 & (IEEE) 802 & 7| 4 i 31 p il -
AR NITEIRIELG B Ak b P ¢ R RHE R R TR IRTE  P e

PRFEE o 4 Fpt > TVWSHEE 2 6 % L L3 BB 5 A o

F 5T ERATHH R Z AP RS R amG P B2 2
o

TROFET G aaL eIr S EMeER  g oL LA
BRI R HARGE > VR AME L AR F 2L - o

dF TVWS B2 - i % F 3 & 5 e R aRTAL > TALBLIZE
BEAEFCERSFR FRRSZRRS T T R R

g ot > 2 BAEIRL KB S AP BRAFH Lk o

B pE > TVWS )97 * 2 47 B §=F] (470-698MHz) » p = ITU
A 2o - RAOREEELGUEE (IMT) 1233 04 £ A~ ik 6
@3 (4GLTE) z#5f3+4 (3GPPBandPlan) - p % 5 b » & &2 45 51

ETVWS et a4 chd 8 T g r & iz g o

% W CBRS

(=) 4p+3

it TVWS 2 & 24 fif o 313805 2~ ATHRE B U2 Bid s % 58
oo @ 2R CBRS 2 ARHIH F 0 RI 5 FlEH & = & ahiFde e B
FCC »+ 2010 # 3 * # # 2 W 73 #f3* % (National Broadband Plan) # i ) »

RS L RSO TR e c A FCCHERMBRR G EF
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12 & (National Telecommunications and Information Administration, NTIA) =
LM A ESAEHTRIE > 5% 7 2020 £ R 019 500MHz 4 3 7 R

TARPRILE ¥ o

2010 & 6 * - ¥ WAANET 5 FF @ aag REHM L & (Unleashing the
Wireless Broadband Revolution) # .45%°2+ & £3% %3¢ (DOC)~ NTIA £ FCC
Bl £ A RB TR @Y 0 FE TR TR S EEE T R

%mf?‘—h sy A %ﬁd ‘H;FI_;;& _%_ﬁ}-ﬁ,’ $ i g??ﬁ?;‘gai%ﬂyf{%gi%?iijo

2010 # 10 * > NTIA # # 3 A3 250 o W2Npofrié * SFEPHE 5 5 B
T R ER AR AEE 0 ¢ 3550-3650MHZ AL TG e K L E S T
2 HINFEE LI EIRNES Y R EHET R TR AR

}a— oL °

V-0 o HEPARENT SE R e L ER T
F R AL BRE P 353k € (President’s Council of Advisors on Science and
Technology » PCAST) »t 2012 & 7 * 2 B sieh T a2 n P 3 5 4 3 on
= A sk A & (Report to the President : Realizing the Full Potential
of Government-Held Spectrum to Spur Economic Growth ) | 35 2 @ 3% 5| » 47 3§ #
ke L o LAEHER T F R SEM .  OMPAEHT SEE 3 g

CRREE SRR P S 3%&%@@?]75 B 0 MGERTIRIFE ATH LT o

52 US, Presidential Memorandum on Unleashing theWireless Broadband Revolution, 2010, available at
https://www.gpo.gov/fdsys/pkg/DCPD-201000556/pdf/DCPD-201000556.pdf

5 NTIA, An Assessment of the Near-Term Viability of Accommodating Wireless Broadband Systems in
the 1675-1710 MHz, 1755-1780 MHz, 3500-3650 MHz, and 4200-4220 MHz, 4380-4400 MHz Bands
(President's Spectrum Plan Report), 2010, available at https://www.ntia.doc.gov/report/2010/assessment-
near-term-viability-accommodating-wireless-broadband-systems-1675-1710-mhz-17

125


https://www.gpo.gov/fdsys/pkg/DCPD-201000556/pdf/DCPD-201000556.pdf
https://www.ntia.doc.gov/report/2010/assessment-near-term-viability-accommodating-wireless-broadband-systems-1675-1710-mhz-17
https://www.ntia.doc.gov/report/2010/assessment-near-term-viability-accommodating-wireless-broadband-systems-1675-1710-mhz-17

FCC 5t o R A %4 PRA3( Citizens Broadband Radio Service » CBRS )
ZABHF BATF R HAXF I FRIRT  BE G L IR R
BrF Y 35CHZAME PTG R ¥ F§ WIFING i~ AW F Lk R
it (FSS) e {7 @i 2 « 240 sl B4k 7% > & H 4p A% 3550MHz # £
Pl EFH a2 3P g0 FRt e p B8 2 Rwt A x

AAMEAE BB BEAEEHE TR T RINA AL AT

BN R (7 IRAR o

) wptm

1 o]} %8~ Eoadp 2 BARFHA B (PAL)

3.5GHz chfF gl d *v %G & * 4§ L RFING 2 H AL R 0
M G e A B ARG R F X Edep W
BH AT N - AR FER A F R A A Az
AL @ % 5 34 35GHZ AT * 14 o CBRS £ 5 3 & gt
FHo# 2% LA s @ * % (Incumbent Access > IA)~ § 2 & & ih
L 3P4 B (Priority Access Licenses » PAL) ~ % 3 & & - 43 ¥ 4%
B~ (General Authorized Access > GAA) -

AR A e R T R E ] A R A g

Eik

ML
3R OT R Ao Rl PE i~@*%ﬁw%%fﬁﬁ#$&?@mz

K e

ZR R
d

%g?vfé’ﬂé’g?l?v%gquﬁ,)i% TICE N r(FCC;M%—\’“—""H’ﬁ

B AT R LY FPALHRAE S ERB G B SR ORI



PAL #tfercthp 5§ 3 & > £ iBuh 15 >4 FRor s 40 E
P BRI P L DR ERA SERE KT D P ) A P
AR R EE T R AT A RBR T FCC LG 0 £ TVWS
GRANEHBIEHFE T NEH o LEFREEF G 2Ly gm?"’—jﬁ%’tﬁﬁ e
BAEEZXEFEL - F% L d CBRS c= K s3] v 111740 PAL
L L GAA LR e AL 15 R i Flovx sl 5 ek $4135
GHz 2 %3 >« £ 4PFH & R & FRF hEF o - Btk s
AA NP F PAL AR - B d Y GAA T BT T Y GHEE > T i
PAL SU R B3P > A P~18 PAL AR enE F 07 11 GAA ehi Pl i ¥
A S MT KA LA € Bar miF R el o gt b > d 3 35GHz G
CEVERES S-S EUNEEF O SERES RS 'F Ay O
AP CBRS JRIFFRET 2 R4 ¥ hdpy Fao £H4 F LA

ik T S AT Beh PAL B o

Bfs  FCC # Z it st ¥ ey RBFIR T - 4 BATH $40
£ bldrE 3 4 # N2k s (Distributed Antenna Systems » DAS)
» i * 3 35 GHz #pf e Al A £ Rt o N H B RERRG X R OR

It RGRM AR R AHCK T T o A R ERP- 1 PAL R D

0

Foomw A E 1T 3.5 GHZ M ¥ i i m SURGE2 LR
2~ MERER L AH2 - BFTEP (GAA)

CBRS 5 GAA & * dﬂz #-i% " =2RP]F7 (License-by-Rule) | #3
FPEAR R R o I R ARRIFT 0 - EE AR AR BFT 2
LR LA RRS AAH SR FRARARY LB
AR > & CBRS ¢ #5347 4% B~ & kL (Spectrum Access System,

SAS)F 17 i ¥ H $efEr 7 ST A e f ehiz ko FCC3u 5 & CBRS
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S BT BB T IR E I T f okt T IR G IRIE DT
B RAAPFFT I SRR R RS G - REELNKE FCC
i Frede > A2 5 FCC L RPBAH Frohiesgal B s » F L3

B T im TR B R EER
3c BRBRPBI G GEHEHT Y R

B5GCGHz#f et 3 14 Thd NTIA #7324t > @ NTIA A £ f & %
BB 202 20FR g 2 i % F 3L Ttk NTIA £ %t v ¥ 3t am
RARZ AU HATRZ A AR P O e 470 R %y
ok e ZES @Y ORPER r G FEOT RS TEENE
(Exclusion Zones) |z > » 444 £ &2 Fd % 8% & & 3.5GHz 4
Br @R AN EH S st A R FIRd B AAR P2
2 ® ¥ 50~60 2 2 FH|F @ 155 FCC-NTIA 2 B[ 30 & (74 4515
R 20 3 2L R o FCC £ G115 5 % = FEEMFE S BB R B
it #  (Environmental Sensing Capability » ESC) e 2= 5 it 43 i&— # &5l
BAl% oG RER ARG TR PR RN L RHETR

X HMEET P o
P LSA
(=) 23R
BT 2012 £ 9 ¢ o F LR & AU F R £ % (Promoting the Shared Use
of Radio Spectrum Resources inthe EU ) i 3t ~ i+ » 3% F| & 5047 3% & % Pjprend

LS AIATH B O T2 PR AR F R B0 T RR IR OIS

32PN LB TR R ARE ISP AR bk SO R
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Foo A - B iR * §E (Guaranteed Rightsof Use ) » 17 & # 4148 M e &
A# @ isd g P RSPG(Radio Spectrum Policy Group s & 4% 7 #7 3% 5z i /] %)

%> 2011 # 11 * « "Report on Collective Use of Spectrum (CUS) and Other
Spectrum Sharing Approaches | #» % & = % 3¥ ¥ % 3 3P (Licensed Shared
Access’ LSA)# 41> m {8 RSPG »* 2013 # 11 * % # T RSPG Opinion in Licensed

Shared Access ;> i&— # E % LSA ehfk# -

d 5T o B LSA It Fo 1 & A s S48 ¢

B R AR FRAR IS ¢ R RDRT o B 2P
PEEERN o et 23CHZ A TR ERSFIF RIRTF A LR o @
AR nE 3486 0 B GFMEH R Y B B R L Sl BRI Bl4edn
AP LFRS TR TN LR FRAT R AP R WA 81

TATENPIETH B TN R R G ERIE T L) R

B & B 23GHz ehig * [iRiag 473 oo F] T 2herg R RIS
PN 23GHZAEE > H BN R RE WK BB PRI: > WEINA R
R K 1% 23GHz >t {7 #/F i A 2 (Mobile/Fixed Communications
Network » MFCN ) » F & 1438 So— oo 3 I8 @ ZOE BRI 2 3
WERIE AL > FIRINA BB ¢ R RS 23GHZ AR F AR T R G RIS~ &2
PP MFCN PR32 3 o o p ol € B W ¥ i & 2.3GHz #E e pF i

WG PRIELE P MPCN 7 3017 LSA 4] » 22 2 f & el £ 3 4 -

RS R s LR AR L FEV Y RS

O H R RS E T A RN Z AR
f

® Fjik % (StaticSharing): % § i * & ok i ¥ R B
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BaEM - bwEE sy FiEE A T #/BFE R (Exclusion/Protection
Zone) : & F Bk F AP E K WA BE P RBIEIR Y -
® L#{x3 (Semi-StaticSharing): #j ¢ * ¥ & ¥ L LK FPEE &
FIFBFEET @Y FOFE G @R FE PN &P YIRS
2 EARFEF T b FREFEERY o
(DynamicSharing) : % p % § § chifilop R EE 2 FRlh > %

3
?@*%?@@Azﬁﬁaw PR RS B E R T R Y R b
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5 ECC Report 186 - Technical and operational requirements for WSD under geo-location approach,
available at http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCREP186.PDF
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§OE R B B AR BB R R B R R S

| —+—optimal power allocation, 2 MNOs
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5o 6

i ART AR FEETERFL I SRR ELLR TS I BT R
22 B ARG S S AP A PR S e 0 397 TR T IR BRI R
FRRZFEa AK I P 5ok BP FF & % &P (Licensed Shared Access’ LSA)
21 ¥ W 2 X & A F4E PR 7+ (Citizens Broadband Radio Service » CBRS) 2. # & » &

Hged BE S BrAB R B 0 L AHREE L v AR 2 R

BLEFE LSA MR R 4] A PRt < g T d A d 2R A &0 1Y
B OERR B B E G MR HF # Y K1Y 2 P T RE AL
fO AR E 2 PRI B R R GRS R
B Sk R S PRI M- LSA FEA Bt 4G (Tl 1B H - BRI ATERAD

R G RS TR 5 BF R R B2 Rk
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Y-8 R LSA L LAAKREHE 3 274

AE kB AR LSAR AR R ATH R &S JILSA L H2% % b
72 Bk RFME LTE B * DIARBARE > 7 LAA 4] > £ L EZEL R
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LTAREARMHFAROT IO R AEHOE T F- 3 L RF B H
P — 38 378 3 jkF LSA (License-Shared Access) » 5 & & 7 »xié * #p g e 22— o

LSA % % Radio Spectrum Policy Group (RSPG) % % % :

“a regulatory approach aiming to facilitate the introduction of radio communication
systems operated by a limited number of licensees under an individual licensing regime
in a frequency band already assigned or expected to be assigned to one or more incumbent
users. Under the Licensed Shared Access (LSA) approach, the additional users are
authorised to use the spectrum (or part of the spectrum) in accordance with sharing rules
included in their rights of use of spectrum, thereby allowing all the authorized users,

including incumbents, to provide a certain QoS” >

BAR5 BEE P #%G % 4 (Incumbent) A ¥ et Bt o¥ s

(policy) » 3 &2 & % = » $rri%— %L QoS & FF -
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,'vofﬁ\,‘rrunr 75 resource -
< optimization 7
p Core
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epository : ,. Noarmiskarges
| Incumbent | / \\ > LSA TD-LTE2.3
‘ mobility |} Puuhkala / DD LTE 2.1
support _J3 LSATD-LTE23 /
' r FOD LTE2:1¢ { .
iAnace: Q : e oo Small Cells
web/mobile : - .
application ‘ H
, : Dual-mode LTE UEs e
ibe=> with TD-FDD . S .
Incumbent user D : seamiesshandover X FDD LTE 2.1
PMSE in Fa = : License to operate in
2.3-2.4 GHz band : 2.36-2.40 GHz band

W6-3: 55 LSAMmAR it #

TR kR TEKES

HEERF i AR A 2N
> WG i * ¢ LSA ¥ A (Incumbent spectrum users and LSA repository)

4] 6 -4 477 > LSAMH R § (55K BT ¥ b ATRITIE AT
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PRR S R ¥ R R F TR WG R Y KA B 46 (LSA Incumbent
Manager) % & LSAﬁﬁgigJifgesz'J“,ért%gm P IMF R FEF FrEE T B ik
= 3% §&_Cordless camera ~ Mobile video ~ linkPortable video % % » 3+ & 41 % F¢
DEERF VRS FE R RELR Y > a LSAEHE ¢ ik LSAHE

FEIL o A BT 5P R BT R Y P o

‘‘‘‘‘‘‘‘‘

L
v - o .
Turku Y J

W6-4:%F % -%," #+{¢ * ¢ LSA Incumbent Manager 4 &

FH &R VT

» LTE 3§22 % =3 (LTE network and terminals)

%P7 3GPP Release 8 4L i¢ * Nokia Solutions and Networks (NSN)
commercial LTE Advanced capable Flexi Multiradio 10 i3 % » 45X E 7 = B
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+ #% 2.36-2.40GHz #g &4 TD-LTELSA 3 % > 2 3 i £ 32 21GHz #4f % FD-LTE
LSA 7 # % » UE B|* Samsung S4 + s fatikt > LSA##I R ¢ 2 A L g 74y

FIAE £ R 7 F ok v o
» LSA ##|Bfek &4 * = 1 5 (LSA Controller and MNO Ul)

B 6-5 E T2 fﬁv‘ ' LSA FH1 B & Pl i (OAM) > T @ LSA #4] F 7
MR 5 B T in R i e gV ™ g dxehp #e it ftk‘:&ig?g\ TP BT 3

a3 0 E D H 8 &k (OPEX)% % o

Regulator
LSA, —— LSA Licensee Domain
LSA
e Ty 1
-: ton LSRAI Controller

3 LSAIRP Type-7 iff MNetwork reconfiguration

B6-5: %5 5 LSAFARL BREH

T kR CVTT

Yo 6 -6 KT 0 M BPLHER F B E N G F A B R A REY
S H e BL 150 F T AR E RS F T PO R R S RS s
PORER- LR G R R FRARR P LT RPF MRS 4

PR E B E 8RR F s  faB % (graceful shutdown) ? 2% QOS 7 K% % -
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LSA Controller/MNO User Interface

Networks and users

IncumbentIncumbent active moving
PuuhkalalSA({70) Evacuating sector 29201 which is Unloc... |
RatakatulSA(71) sector 29457 which is Unlocked ;
RatakatulSA(71) sector 29458 which is Evacuating
RatakatulSA(71) sector 29459 which is Unlocked
AlpumilSA{72) sector 29713 which is Unlocked
PuuhkalaFDD(73) sector 29969 which is Unlocked
RatakatuFDD(74) sector 30225 which is Locked
RatakatuFDD(74) sector 30226 which is Locked
RatakatuFDD(74) sector 30227 which is Locked

LSA network features

o LSA network enabled
M LSA incumbent protection enabled

&' Simple protection
& Sector optimised protection
¥ Graceful shutdown

QoS handovers enabled with limit 30

-

CORE+ Trial environment status

Evacuating for 3025877 cells 29201 29458

J‘i/" CORE+ Project 2013-2014 - http://core.willab.fi

W 6-6:=x%E?r =% nha

TR KR VTT
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» ¥ 4R it (Visualization)
BF TR R AN BA > H A LA RS

® Topology view : 4c[§] 6 -7 #77r » ¥ i #3 5 F|F B A 4 & UE i

o Tt g B UE R i * kv (bitrate ¥ %) -

| a— —
—_— e
Puuh’kaquSA PuuhkalaFDD
-~
’ G s
’ \ e
/ N Sy ~
0., N ~«_ p
DL OoF ey | | 6048 kbps DL QoE - & | 13432 kopsDL QoE oy & | 0kops
UE10 UE3 UES

W 6 -7 : Topology view 4 & G

FH KR VTT

® Map view : 4-B] 6 -8 1 o KFEHE @ * ﬁfrﬁ&féﬁ? 2ok %
MEF IR AR B o H B sRET S AT K (FHRG 120
B¢ 0 )RR P R i § %G fé%ﬁ(i:s* B ) B

TP F R PR ds (T 0 LBl S AR S Mg R S o
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W 6 -8 : Map view 4 &

T kiR VTT

> LSA LRk prut 447

AN e LSA L Hik sk [PRM14]> & — B =x s34 * = F_i¢ * LTE sector small
cell %@ﬁﬂ 4Rl 6-8 o 0 F EG & H —“F’f’;\ﬁ MELIL{S > E PR PR 2
hfs FE A AMBPE - B S AERFTLIO FHESTIEEBY S (F BT
PER)FEROEEOL 240§ R R FHPAFL X BRERES S L
PER 5 204 o ¥ b - B % 7o LSA L xR [PMPL14] o gt Sk sk ¢ prat
A AThed 61970 o d A ¢ T g R OER Y L 2586 F) 0 R FIAE LR
End-user &5 handover e i® » BT anpr F 5 16.7 §5 0 #_LSA Controller 4

FliF#4p £ 31 LTE network s = {4 ciads i > 4, T 3opF 4 4 65.83 ) -
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4 6-1: LSA SRR S % A 15 [PMP14]

Location LSA/ASA Evacuation Delay [s]|St. Dev. [s]
LSA/ASA Controller [Evacuation decision 0.624 0.190
LTE OAM BS switch off begin 2.999 1.568
User terminal End-user handover begin 7.144 1.118
LTE channel End-user handover complete | 16.700 2.668
LTE channel LSA/ASA band evacuated 25.856 1.803
LTE OAM BS switch off execution time | 28.973 2.168
LTE OAM BS status query execution time| 30.333 11.443
LSA/ASA Controller | Evacuation state complete 65.825 14.744

FH &R VTT

() &+ 1ILSA #%

%~ 117 LSA BIFf &% 8 1 MISE building i¢ 7 £ % 325 [MiS16 -
Vel16] - H 3% % # = B 6-9 #77 o

——
) Cumucore I
W s N AaTHONET LSA -
bm controller

UE+S EPC/HSS {11 Fairspectrum

W6-9: %5 LSA RS2 ¥ #7 LW [MiS16]

TR &Rt MiSe
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:ﬁ?{

JiEH R T 5B M Z 23 b TDD LTE Base Station » 2 =% % MIiSE
R (2h) R MiSe T H (2 0) 0 ek A u L F6-10 2 B 6-11 ¢

'/T o

Outdoor coverage is
obtained through

2 outdoor cells placed
on the building rooftop.

BS properly located to
allow coexistence with
equipment on the rooftop

BS synchronisation and
inter-cell hand-over
required

| @ Outdoor BS @ 2.3 GHz

The aerial view of the MISE Premises in Rome (EUR area)

WM6-10: ¢ LTE =% 5= &L W [MiS16]

FHL KR MiSe

o Indoor BS @2.3 GHz

e Indoor BS @2.6 GHz

|} = BS synchronisation and
| inter-cell hand-over
| required

= 95m
l |

BS FDD o
L S b,
BS3 BSS T

= 120 m

W6-11: %p LTE 2% 7+ X W [MiS16]

FH &R 1 MiSe
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AL B4R > 4 & o Incumbent F B @i S %2 PMSE @ * A 2.3-
24GHz > A2 ix#z2 & feh%#c i £ 6-2%% > 27 Imax % Incumbent &+ &

LR e+ E o Imax =N+ (I/N)max » (I/N)max z &+ &g L % i+ F-3e3nt o

% 6-2 : Incumbent £ %% 2 & % £#[MiS16]

Parameters Fixed Service PMSE Telemetry
Receiver noise, NF [dB] 3.5 4 4
Noise power, N [dBm] -107.47 -100.95 -99.98
I/N [dB] -10 -6 -6
lmax [dBm)] -117.47 -106.95 -105.98

FHL kB MiSe

PiEse s LTE & Rfbdod 6-3 977 » 3 en@ il F 5 5W (37dBm) » %

P gt o)+ 250mW (24dBm) - 47 %5 20MHz -
4 6-3: LTE #73] % 2% & 44 [Vel16]

Model NOKIA Flexi Zone Micro Integrated NOKIA Flexi Zone Pico Antennas
Directional Antenna
Number of nodes 2 in Band 40 S in Band 40
1 in Band 7
Band supported 2300-2400 MHz — Band 40 2300-2400 MHz — Band 40
2500-2690 MHz — Band 7
Channel bandwidth 20 MHz 20 MHz
Carrier Power 5 W (37 dBm)* <250 mW (24 dBm)*
Supported 2Tx/2Rx MIMO 2Tx/2Rx MIMO
configuration
Antenna gain 8 dBi 0 dBi
Beamwidth 70 degrees H-plane Omnidirectional
60 degrees O-plane

TR &Rt MiSe
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+ @Rl E A

M6-1232M6-14 57 FH®R T 417 B 6-12 % 4“7 BS{iH &
PEERIEF RN R6-135 75 - SEP BSEARE > ZR 2R B
6-14 5 5 F - 5%t BSEAMZZP F 4B

Interference levels
originated from the
outdoor BSs are still
above the

requirement as far
as 1.5 km away
j from the BSs site.

1 6-12 % #h 2+ H-35( 2 2% BS &7 42) [MiS16]

FHL KR MiSe

INDOOR:
Rx Power [dBm]

-120--100
-100 - -80
-80--60
.60 - -40
40 - =20

* % oo

W6-13: xp2FHF5(RF - &P BS B k) [MiS16]

FHL kR MiSe
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INDOOR:

Rx Power [dBm
-120 - -100
-100 - -80
-80 - -60
-60 - -40
-40 --20

W6-14: P 2 F#EFEA(FF - & % BS B ) [MiS16]

TR kR MiSe

& * 4] LSA »%it 2 pFaf & 47

1. i A 46

BEEEE ALY WAL F R R LT R T FES lj’ﬁ’#@#

R T iTik X% L 5-38Mbps 0 @ 71k F 5 1-8Mbps o

2. PEIEL YT

R 6-15 2 IRt 0 AP AT 3 B MR > R - 5 MHET LTE
]‘3’-?_1&‘2;}_‘{_‘5\2‘7—:‘1’172483’:,‘ iﬁ&ﬁ_ﬁﬂ7—mn?l~88£“§ﬁ

24 BS ﬁ?@ii%]ﬁfwwr’*ﬂ%ilp R S5 LSARHI Bl z4p 5 I BS B

B2 pERE o 3 E T opE % e

%6-457 0 AREHEFEL 105 BEFHRNFERFTEF K F2

Peivm bl o
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National Mobile network
Regulatory
Authority ..

LSA
*-

to e
LSA
Repository

W) 6 -15 : LSA channel evacuation scheme [MiS16]

TR kR MiSe

% 6-41 LSA FH#§ T 1opE R

Average Evacuation Time [s]

Test case 1 36.716441
Test case 2 35.778847
Test case 3 35.646237

TR kR MiSe

I

> LAA 03¢ ~ gy s suig * ¥ %3 (UE)

LAA A APEE 5 AR E ST - @ % L RAFE I FHR T (7 H3L
FOROEE o R T F 7T (T e 4ai (supplement downlink link) o 4p B R B
Release 13 ¥ = =43 _» H ¢ R 7 & 4 * L F (s :% Liston Before Talk (LBT) » %
g R R BT R BB vk b o] € ﬁ,ﬁ@zf&@,;ﬁ“g P s ]
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%4 WIiFi PR35 L SR AEF £ 3 & 2 5[CCW15] -

o LBT e 412 WiFi &7 % 540§ 6 -16 #77 » 3 5 - B4 ¢ & Clear
Channel Assessment (CCA) period ( 34 ;zsec )pr 18 ip]ac £ 2_F + 3°-72dBm &k 2| %73l
FEFAAE G B TR RE R 4o WIF ¢ % [KIB16] % @ |5 £ ] * -72dBm
TEL WG REET AR S RRAR S AL &7 AZE F1(20ms) TR
W F Rl £ -72dBm > ¢ j&sF @ ¢ contention window HEHSE - 1B 1T 5

backoff g o

BERERS 0 gL K R AT <3 -72dBm e F M Rla £ ) 3 -72dBm R
RZE LR > B Rl E + ¥0-72dBm [BGP16] > BI3% B adF R L i > LR E A
Srenie T ES 00 & @ﬁiﬁ] 2 >t contention window =3+ /| > s 5 € 4245
Y= ¥] user equipment (UE)w & 2. HARQ-Acknowledgement # i& 3 NACK &t &) &
M B B EH G bR Z(Z LB 7 FE Fh— B E[YXC15]) B #- windows
size 4t B PlE < B (63) 51 > FF > Bl&-windowsize & 5 & E (15) : -

F PE ~ & > window size » § & K =% @@?] (K=1~8)1s » £3% % & ] E[KIB16] -

Ml LTE £ 5 £ A RAEF o0 WiFi - w,ért T h £ DCF foidi¥ ol 2] ¥7id i
L35 AR R YL h LBT 4] ¢ £ 5 2470 f 1 @ e 3L F 5 WIFi 2
o FAUFEE G WIFIUBLE Y 3 b nP e R 280l 3 23§ 5L e - %
B RS 0 PIMSEIELAR 5 3 F_WIFI 2UEL 0 g PR (e P 4 -62dBm o J2 B i
FELIL B ek 1000-620Bm e € AR S idle S R 2 FRERUELE LR 0 RIRSE

LA 5 WIFi 21 8. [CSA16] [KIS15] -
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- e state - 'S

'

Need to Tx? Another Tu needod?
Yo )
Y

Is the channe e for the v Tracmumat
Arntial CCA peniod # L ; (e.g, for TXOP)
M ?

Mo
r L
Generate a random counter e Update the contention
N out of |0, a-1) ke window § betwesn « and
| : ¥ 4 dynamic bachof! of »

sorms - stat backot!

Sense the medium for one CCA

N«N
ot duration, Teg., 9 or 10us
L)
4
Buvy

B 6-16 : LAA 7 LBT 841/ 42

FoR &R 1 3GPP

E Bt LAA KRS T %S %

2015 & 1 * % Ericsson § &% ¥ - #t2 & LAAH WIiFi a2 58 % % > fo 4
PRELFE ARk WIFIi i ? 4o~ 7 eh WIFIi ch@ B ek £ 81 ken g o
(Friendly) - %% ¥ Ericsson 73 2 4t % 5 = %= WiFiOperators ™ 2 ¥t g p & 2
UE ¥ - 29 5% %2 % - 2 LAAOperator fv— = WiFi Operator 12 2 ¥ 503 5 UE>

FohEHR4cR 6-17 7 g 3| LTE 2 &% WiFi 2 ¢ 2 2 25 3 1 WiFi o

3]

‘T_"!l“\
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i@ﬂis?]%\» Hox 3 FIE > Ra B E%EE T In-building %7 > F %3F-F UE fiaet

FAIR SHARING TRIAL

Wi-Fi Performance Maintained

Simultaneous Wi-Fi and LAA

Two Wi-Fi operators only
(with coexistance solution)

] 100 200 300 0 100 200 300 400 500

Object Data Rate Per User (Mean and 5th perc) [Mbps)

z
g
¥
o
3
-
&
3
2
i
%
3
-
b |
-4
s
a8
i3
8

Total served traffic per operator and macro cell [Mbps) Total served traffic per operator and macro cell [Mbps)

W 6-17 : Ericsson 5t £ R % % % [Eril5]

74 kiR Ericsson

2016 & 2 * Qualcomm j& oz ¥+ WiFi % “ﬁf & ¥ WIFi 8 = LAA
PR WRBL B L AR B> kITE LAA H WIiFi 0B B P 5%
Y enB ek B 00 E A IEAEGE G G4l 6 -18 2 B 6 <19 #7oR o Bk S S p (s A
REenB b Borpg 2o AGb* et b B LAA R RE D T T i i
TR R HRHRNPERFBIATAEL TS TUH6-20 kEP FHFR -
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Downlink throughput in 5 GHz' Downlink throughput in 5§ GHz!

10.8 Mbps -

LA,
LAA

Wi-Fi
Wi-Fi

Wi-Fi
Wi-Fi
Wi-Fi
Wi-Fi

W) 6-18 : Qualcomm &L & % % % [Qualf]

o k& Qualcomm

Same baseline with 4 Wi-Fi pairs Switching 2 Wi-Fi pairs to LAA

W 6 -19 : Qualcomm it # i ¢ | R %% % [Qualf]

A kR ¢ Qualcomm
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£ Wi

Wi-F i

w | 4 g

Baseline with 4 Wi-Fi pairs Switching 2 Wi-Fi pairs to LAA

W 6 -20 : Qualcomm ¢ % ¥ ¥ [Quals]

R kR - Qualcomm

Qualcomm 12 2 Ericsson 7 5 #icdy 3 A1 7= LAA S8 e it i JR 83 = oh o
R DANE - P RFEEFNOEE S L ARSI LG B
Bl o 4 g3 BAE Ak o 62016 & 12 ' 4 - i © 3 [MBLE]T &
w RE O AREH S T NS3 KK 7= LAA S i cnf B

HE % chep dpEAcB 6 -21 “Tr o Bl R AEE T 5 243 B LTE & WiFi

snetwork #7358 T 5 1 E SRR T ARIEEER d 0 & W T HhE e B R o

d metors

W 6-21: ¥ %FBeipit [MB16]

74 &R : Maddalena Nurchis, Boris Bellalta
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JER ol % 7\—?1 » B3 ] 6 -22(C) LTE-WIFI-LTE chdp ™ » FH R 5

R CE RN - jéy_élﬁfg’fég @ EY R A B ks > B ] 6-22(a)
PR R G T T R AR 23 R WIFT B 7 R
1 CS coverage > F]#* L pt >t 3 4p hidden ik i 0 & ] WIFi 418 i 5 IDLE &
EIEES l@ﬁia‘] H 5k CCA-ED # e LTE & i Pl 3g pF A 0 it BUSY ki o 18 18
BBl B b d=55m A L O0em Bl 6-22(C)hi % 0 Fli = ad B WIFi
pEt A Rt CCA-ED ki en& § > 37 7 4 R P sg BUSY gk g > 4p

PO 6-22(3) ~ (b) ~ () 230 RS+ £ 1K G A Rl R AL RS -

3 cels Coauistence Scenanc 3 cels Coemstence Sceranc
' $0m ' 10m
25m 75m
08 b 08 | =" 1
06} 06} 1
04> 044 “+
0 s c - 0 s o
wm LAALTE wea we wee LAALTE
(a) WiFi-LTE-WiFi (b) WiFi-WiFi-LTE
3 ool Comisterce Scenar 3 ool Conxintence Scenaro
' Lt —
2%m cxxxxs
08 ’5&\\ xrey
06+
04
0z
0 e o ro e = o5
LAAY wn LAA2 LAAY LAAZ wa
(¢) LTE-Wil'i-LTE (d) LTE-LTE-Wili

W 6-22 : NS3 ¥ %% % [MB16]

74 % &% : Maddalena Nurchis, Boris Bellalta
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“F S Rr LAA & WIFQ £ 73 <hRAE > & 7 4o Qualcomm 12 2 Ericsson i
BREEE L HRAE SRR B R ANRFRIE 2 i
Lenf b bRk o WIFi 2 LAA 35t A & 180Bm » @ LI 1w
B SR T L AR BT (RT3 R b B 0 8 LFCC i R
5.8 GHz #7 # -] ** 30dBm (+6dB = & ¥ ) 4 st FARFp o H g b4 57 10 ik
P 3 B chst Bh o~ EELTER O 0 @ S L B g T R CS

coverage » it @ B LAA 22 WiFi ¢h2 75 B4 -
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28 LSAHS BT A FTER

AR 'ﬁ;j\l;:rw“rr}: B e LSAH AR Y 8B ’é:}él“ifﬁ_LSAﬁﬂaﬁ’
Wi - %S gwiwqqﬁﬁ;gfﬁgixifrp'}'&’l T B PAE S A AE N iR
WY - BRI R FEIER Y R REFR TR E R R K

DR PR TR R B AR E e R 7 SRR s~ AT o

AL 3 ML AR RS R A2 FRY DA (NF %)EEFRY 4R
EERR B CLFAERRG Y F R AR 0 B AR 2

B A S A IR

® FH- IRl mAS%E (POC) ik LSAMEHE R4 7§ 3 1 s

® R -KFPhIMERKRE (POC) RMHLRERP G22I HE

Bl APRFLEHET UEERG R F R L3R s o 1
PREPILBEY R Papéfﬁﬁ;ETSlTs 103 379[ETSL7] tedr 4] B &2 7L

RAELZFAFAEARNAG c APFLTRT I RG R % FP D53 20
&=

W

T B g BT R Zone B 0 B AP AL 0 B LA A e B Zone ®
3o & w4 3R(NTU > Zonel) ~ & $%(Zone2) ~ & #%(Zoneld) % = 7 (NSYSU - Zone4) »
= 1B Zone i ¢ ‘\ﬁt“‘ ETSI TS 103 379[ETS17]42 #74L =_ LSA Spectrum Resource

Availability Information(LSRAI)eHF 424 5% > 4o ] 6 -23 #7577 2. 7 X B o
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gl
"

Zone ID: 1

Zone Type: 1{res
Frequency value
Frequency int

Space: Polygon

J: 24.384145,120.420988
it 25.299785,120.420988

B 6-23: AFB2 Zone sk 2o H 2 i

FTHRR: 2718 A
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WHE-: R LSAHHFRARFF IR EALIHR

APIEAL LT LSAHHIE L 5o LSAHSEH R Ip = 5 B Zone shE 3 >
TR R AL AR I GG RG RY FRE R XL
PEMAL G R SR Y o RF jpd LSA R KT Rd £ 0 B8
LSA #x | EM-idn 4 B2 2 X 3 % Fchgpeit g 1L % (OA&M)- ¥ - = & » i
FRF AT FEARTY LIL T wART LSAMEHE 0 B LSA MEH R ¢ H &

TR H LR SR AoFl 6-24 47T o

f.l’lf G [O J =

ey T T R T T aaal LSAfEHIzE ___ OA&M
B10(E) _Zoned 2234081 | | |' ERMZoned 2
T | _ERLSRAIN | MIR2340
I | [ ETSITS 103375
I [ 1
¢ — EMenitor SMTBNZRR_ _| .

TS T L | PEASRERRAL|
[Zoneaz2340Mmen | I I ]
(E>EIMH) | I ’ AT ZoneaMIA23402 B M
T ’ : : W/Zoned MBI LT3
: : wHA
I T
! ¢ _ EWMontderzusyan_ ! REEISIIE l
ZoneaWm23a02nem | | I I
(P 6) > (41) | [ |
[ZonesmrmmBRzY | | I
B12(38)>(8) : !

W6-24: GO TRE R{FFTEEMREIHELMET

FHkR AP AU
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22017 & 9 7 15 p Tdei=Rin T LM HATE RAE ) RF > AP E- HiR
* 1 e ITRI &0 Athena SON server » 45741 1 A fa BB 3 eh2b % 5 B« ITRI UDcell »
FRETHENIHFTELEIFAELBABRREFERT (MNO) % FHE# £
FRPBLEEATE LABF - AL FET O OMNO LB ¥ F 5 L3

Zonel 2 #g ¥ et A o 4ol 6 -25 #1or o

A

é u [O ]MN01

e T Incur:wben‘ml AR LSAZH|22 ITRI Athena SON
s18(%) _ZonelZ2340% §> I EfRZonel Z 1N
T I 1 MR2340
| I 1 & I
I | I I
| € — EMonitorEBRMUZAR _ _ | ,
1 I
BARZBZNARER | : l".’:‘-‘?ﬁf’."’.%"f:
(EDPAM) I I : a!zomm-azuozcn
1 | I | =
! I | BERERRN/AR € — — — — — I
:6 < [Mquldlg,Lzunﬁ;ﬂ_ _: S | BEATmn |
I I
ZonelMR2340 2 (R ' ! | I
(3 %) (1) ! I ' |

W 6-25: RFFTHERRGFTFZTHEEL L ZHE (#* ITRI SON server)

TR R 2770 754
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FE- REHERBARFFEIEINR

% LSAMRGHRIFHZ DAEfFH TG @Y H AR R ZMF AL %G
*H AR T K RO A E 2 o LSAE SRR o Mo R cE R iR] B (sensor) > @RI
B E AL JAFH R R EFRAG R F o Bl £ 3R
T s LSAMEH R o e F i v LSA I BT R L Arends (£ T 7T 2R

e (T > o] 6-26 #7F o

MNO

mm - U =

Incumbent LSAé’*Jfﬁ Sensor
[Zoneziosmnse=® | | |

| ®MZonel 223108 " v

| (BRNISLSARHS) m,rbmmau i - uanac:mm |

I | I WEGNREAAT S = !

1 ! | mESRARE | S !

| & — EMonitorEMAMEZIA _ _ | | | |

1 I 1 | |

MRS ZNAREE i " $3Zone1 2R s

[Zonel 22310 R W1 : e S
(ELImN) ! nzommmzm
T | | | /8MHZonel AT

I WHMonitor + ZMBRAE % e i * T T hamwen 1

———————————— £ g -

ZonelZ2310MR 28N I J ISSCHEENN , !

(P %) (T) | | : : |

ZonelZ2370M RS R ’ : "
(1) (%) . | 5

M 6-26 0 AR RS AR F L E IHRL AR L

TR AR AET P AR
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Frd LI AAELE%E

THEH L R F T A RY] 0 2 AR S foie s o AEF T LR
i i Ad 53 REEATRE  RIF RS REBERRE - RA > d 0E 2K
Frofif#Fsisfntiarhi cfl* PO RRERERRE * ) e,
A TIEE MR Gl E R R R R R A2 T R Bl A
PP GETBESR T2 TVISSA ML 3 RPFRT 4 0 &FAANFY

o2 4s o

HPY 3B A FIEFIHRFLEIFTHEE LB FAEEZ L RIHIIFE
[ZHC17,CCT17] = @ L% 5 1 penis &+ B4 7 o KE F % 3 (7 C2013)4 & % &
HRHZ2 AR EHRE CRBP Ry PR E c FRTAG P HFEE
MEHFLRY X A6 R TRBMY SFH =3 E 20 b G 2R

"HigeE  VISSAMEHE R R PR %R T4 )

WPEAHAT AT AHEERIMFLIFTRT 4 HIRT RRMEK LSA

L R PR I H P FAph 2 14 %% (Proof of concept - PoC) »

PoC 1_# it &2 8 41%#

KL Bo EaEE AT o (B 6-27) 7

m\L

NI APER] 2 e Zone P A
o 7 & { SeFle T AL 7O ELET 2 i show 44 € B o 1) { 3w en Zone

Tk B (H6-28) fi B &7 hZone T T i ¥ e

\ﬁ'—
=

i B

m\L

A_f+ & ETSITS103 379[ETS17]4+ E eidn M & FetrE e o

247



ZoneO1 Zone02 Zone03

frequency:
2310MHz

action  EILN show

frequency:

2340MHz
action

frequency:
2370MHz

action m

W 6-27 : BT &

TR AT FEH

Zone ID: 1

Zone Type: 1(restriction zone)
Frequency value: 2310MHz
Frequency interval: 20MHz
Space: Polygon

Coordinates:

Point[1]: 24.384145,120.420988
Point[2]: 25.299785,120.420988
Point[3]: 25.299785,122

Point[4]: 24.384145,122

3
4

o

W 6-28 : 3 M

TR LR AFL P A
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GITFIERES G o F G F LA Loy Zone B AT i % K P
WT I R R R RRT RS & H L Wl R T T

S FTFREHFR o (F6-29)

BB ERE BN - B EBRG @ F gl 0T 6 o0 Small cell
HEEENDE oo bipBE ST g NFRE L B2 Bk o R

FH Y S BT R L ELA“ILﬁp\LSRAI]‘w % (B 6-30)

B RE G FF Y BBRE G G TR KRRk SrTEs e

FAZHS LA LSRAL shis 3] i 1 2 A K B 1Eeh s 2B 2 T 0 imeng 0 g

*m\k\

Bk 2 @iEap F oo (K 6-31)
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action

ol

Recoeer channe
[Peie ol
[Pemmt syl

|B2cover chanae

[Pasess ouiall
Reeaze chaanzl

[Pamer 2yl
Redease chaeinel

Pemcr cayot
Nemans n
Pemer S0
Reinsen chacnel,
i

Pewvir syl
[Refeyze crannel|

[Paowar coiull
Recover chamme

Intitude

H

[Pamem oyl

[Pemer oot

[Mamar oyl
;

H H B

H

H EHEHEB H

Fetiom Ll

) 6 -29 : Incumbent JT ¥ 48 £

TR R 2750 754
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el LA

Wi Y SzemrscPocen: By Cosge B 1Y Ohvitamaiins K O0 w vetez Vodew [ Dsecwr Sevemce - [ Amwny fopes @ Boen

W 6-30: HHERH2IFHATHAMN

FTHRER: 275 754U

2017-09-14 05:58:16pm
Incumbent retrieve channel
201 7-09-114 05:58:16pm
-—1{ SRAI NO1 -—

IFICATION
1 {LSRAI Notif

»ata or t
2017-09-14 05:58:17pm
LSRAI NOTIFICATION ACK

fype : 2 (LS Notification ACK)

W 6-31: £ 45 FHA hE RN

TR R 2750 754U
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PoC 2% 3. & pl3# (Inter-Operation Test) %4 %%

W - RIERE & LSAHFEARFAFIR LA INE

GBREE L PIERIRA R B - R A RBERRE S T A B AR BB %

> %, g ,
ECAGO SRR

1. % Incumbent 3 7 * %57 Zoned & MNO2 > p = i¢ * 2340MHz > 2 §%

K& 0 4B 6-32 1T o

) il
lncumbenty T I, Zoncl EMNO2
SAOMHz 5B a4

W 6-32 : Zone4 ¥_MNO?2 i * 2340MHz

2. T &% Zoned £ 2340MHz # T Recover channel 3 i & F 7 ¢ 4 B e
£ 45 & £E Incumbent H ¥ B¢ L+ B LSA {4 Bk o R T A
7 % allocating 3% %_¢ - 4-MH) 6 -33 #7577 o
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> - hRecovex channel/a.
@T*Jal locating=ZiE 1

m’
HF?‘
_J

'f@ﬂ‘%‘llsz

,P«'r -

W 6-33 : &7 F 3 #%4Rgm allocating

3. A LSAiHIERT ¢ <~ B JavaScript(alert)irgk w3 & > £ 7 &

Fjrw 2340MHz e$s i® > 4@ 6 -34 F17 o

B z“
'.

LSATZE R 25 S 4

B 6-34: LSA## I BHR T & Figw i &
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4, 335 LSA#: 41 Efc 5] & o 4 pF EPC & s.¢ 1Shell Script ¢ # 7 Small

Cell E’ﬁé_}éi(%ﬁ"i) ’ l:}u;{i\- ‘Eé e 3-5 i #75] LSA 5};?;;%}3_ , H:F'.;‘H'Av\’,“? az&é__/__r @

PEE S SF 7 0 4oF] 6-35 4 o

W 6-35: 4z A 17 RET © F 3%

457 > 4o 6 -36 FTF o

W 6-36: LSA#E#E® T 387 2340MHz 3£ & v i<
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6. *~¥1xrs4=+ SmallCell ¢ & fz= = » Shell Script g Pﬁﬁ@éeﬁp';g'fﬁ“}l
3

ié@%ﬁéﬁv

R 5 F] Zoned(MNO2) e £ * 2370MHz #3745 £ 11 & &
47 > 4oB) 6-37 A o

W6-37: REAdETR?HES ik

GARGE AT R T f DS iRor & band 3 £ 2370MHz AR B AT ¢ i H
4B 6-38 #r7 o

o] 5 4

J‘fﬁ%?&%ﬁaf@ﬂ]ZWOMH 2%

W) 6-38 : 4F3EA 45 K BE 7 © 348 5 2370MHz
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P3AOMIHZ U] B AE
& 2 H2370MHZ: 887 BEfs:

1 6-39 : 2 % AF B ervife 3 82 Bof
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W3- RRRE . EE B AR T I HE

Bois b f MBS RIIRenp S AP R B - kPR AR KFB - AR

ELRLT s (TR ki (TR A o

1. mAFEDE Incumbent s 5L Aig @i S NPT RRENETE R R
* —‘ﬁ ooE T U Ed R T o B @ ST R BA T L T] Incumbent =0

OFDM U355 % chdi 7T o () 6 -40)

Wl 6-40 : & FF Fed= B Incumbent 3 8L
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A ELR P E R BT Incumbent 2L A iE i A T BB A P aEUELR B

BEFFLAOEENZ v BF|FTHEE > & 7 URERIAPTEENT

2% W R F) Incumbent @ { #7 - (B 6 -41)

B 6-41 : g p ¥ Incumbent 3

K#‘J%ﬁiﬂﬂ%ﬁ;‘}%iﬁﬁﬁi D LR ITe ApEw u—’é ]“f;i}‘g‘_ul 7w
FIB G304 F 023 & ¥ PiE (7 557 L B Small cell 3u 5L nnd B#
FOUBEEN A BRT AR PRV R AT & TS T

M FEenw B0 Zone R g~ {ATRIFERE Y o (K] 6-42)

ViSSA i

W 6-42 : gl B 5B
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RBPRRET G R BRI AT A G BR AP R,
FRABET S MPL LT REA R SR A B R
FUERTREF 64 HHES# AT TR > AP amas |
GRER- R R R R s SR LR R R RS E)

F% o (B 6-43)

ViSSA TR EH—

ViSSA @ riEhE—

W 6-43 : HHlE = =~ B
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EEHEHER S S I A PR R PRRE TR A T

ﬁz 4 0 S

cumbent LSAE M LSAIZHE  Sensor OA&M

SUENRARARS
TEELSRAINE

T e s
o — #8Zonel2RA

I
I
I K
: EEATALN ' ‘
@ o  ESMoudiomEmte _ _ lm ----- !
Zone122310Mkznem | | ! ! !
’ 1

FRXR AP FEE

HI L HBIEfET CRAD A X 3AH(2310MHz) - B L FS (KA D

MK BPAEF 2 * ) @ 2370MHz P w § 2 en FELL BRI (REAT
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# 2% 2. Incumbent & 3p & 47 B 2310MHz - & g @] % # k| ¥ Incumbent & # *

B3 A BRI G R AT R 2 P B (2810MHZ) > ¥ 11 g B
2310MHz 8 A o (R A g » 1 4@ % )R I %F § (X
o B FeAR) T BIREY 2B PR A 7 e 2370MHz > 2370MHz

BEREKRAGS (RAFTRP)RDIPRE (R DT s feifH)
ViSSA i —

_ m@EI£2017 Gooole. ZENRIN (BT |

FFA S sEEY S B R A% S 237T0MHZ M B B e R A
ATF I 0 2370MHz H3L% 5 4

—

-
lshowt
P
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#H 35 AR 2310MHz { A= = > 2310MHz % 5 =4 (R & L 4td & ")5‘ i)

¥ 2 h R R BT 2 T Incumbent fr= g S A B ] ST

ViSSA T it —
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POC3_Tj ™ R AR™® LA I F AT AR 2 RIAFEF6

LSA = 3 47 £ & i gtz - > 5 LSA X3 # % Hird X 34

BATZ R ,T"’«L,{w\%plﬁ'*ﬁ'?’ LSA #F 33 & % 1 EEMERALFE L B

/% _ﬂz

s ﬂ;iog@;ﬁw’LSA R

P LSAMEHE w8 S 5 AT LT

\an

K4 Rl R b SRR R RME SRR S A ET 6

iR AEERFIARBATTER -

(=) f8 - Small Cell #f B iF 5 & 4 45 #7 fo chper /Y

e Small Cell @ * #FECerid 32 &7 He A pF TP S350 A A4 0 @ * a3 A 47 R

fie & — B+ $82-pF 8 > 22 Incumbent 7 & & I e gz Small Cell £ £z

AR N QR L ERERFF 9512882+ -

4o 6 -45 #75= > Small Cell & %1 * 2340MHz #g £~ » % Incumbent % F

# T Recover channel {3 B 453+ pF o

ﬁﬁ%%i%

Bl 6 -45 : Incumbent 3 315K » B 453t
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hoB] 6-46 ST 0 KA A AT RT F I L PR App BT X 9 5 6 4)pF

W FIAE S 4+ b pF Small Cell & B g -

'/L

Wl 6-46 : 43 A 47 KRBT RS F 2

4o @] 6 -47 #757 > & Incumbent & F ¥ 5 | Zoned 1 2340MHz 2 ScHf £

“ml

SARfTW o BT G R S ERIET o

W 6-47 : Incumbent 3 F 5T © jcv i
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4o 6-48 47w 0 L B3P E X 5 54 4P 5 B Small Cell © % % (7 %)
Incumbent 4 F %51 & % B Small Cell f#reni * A { 3748 7 E5 K &
st pr Small Cell ¢ #-37enié * SRS B HFT AR w45 LSA 541 F » Fp

PE EMAES SR > R ERART -

W 6-48:SmallCell = BB ¥ v 4ri¢ * 47 £

4o 6-49 #rom o E A8 B 14 6 4) PR 4 11 & 7RI T Small

Cell © & * 2370MHz 3745 £ > ¥ 1 4 8 #) PRAI 7 L SLE %o

B 6-49 : AF s A 47 KRBT HER
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4r# 6 -5 #75F > Incumbent i F LSA #F# R & fHF R e w o1 PR 2
#7 > . eNB & fxv Shell Script ¢ = LSA 47 3% B FP~R7e07 * M S o] > P 7
PR LA eNBRAMEFZ (M) 28 HES T RE TSI FZ 964

Monitor 2 % 20 # B 7 4F L © fow (% F A7 o ) o

4 6-5: f 8 { 3¢ eNB MR I £ fcor i€ % chph FF

2R HP P
T1: Incumbent if 5= LSA 47 3% & & FHg Kt w 2 F)
T2: LSA 473 & 27 LSA $5 4] B i 5 - 14
T3: LSA £ 4] B & % eNB 2 (747 5.7 % (M 45) 2 %
T4 ¥~ AT RE T RAE B 3 6 1)

T5:eNB & (i & * 3T & () w4R % LSA 24 B 31 %)

T6: Monitor &1 g £ 2 Jew 20 #)
T7: Shell Script 34 7 eNB £ * 2747 £ 1%
TS MiH A 45 RAT T ¢ @ % ATHE 54)
RETRERE 145 8%y

He >eNB & fcié * Aap £ (4 ) »7F B # X X 5 314 > Shell Script
PATEER G~ LSAHEMT N Z 14 REHFLTTRIZ OV €T

FEE DR > REF T BB HEEPFR 4oR 6-50 2w e
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Register

channel Sensirng -
=

Incumbent Analyzer
Tl‘

4
Power off ' T4

a ﬁﬁn Ocommand !

LSA LSA Small ce
=g a8 0 iTH
Evacuation] T5
ack.
Change
mgannel
Small cell
LSA
Sensmg&T8 b |

T6

1] State update

Analyzer
B 6-50 : - 2y plzhprae §pl AR

TR 273 5N

B8- 2 LSAH S F 2 BB TR aEL 93 14 8402 2014 &
fF CORE+7 7+ % % LSA 335 & Sihd sepbat KB v 4B > L4 6-1:

LSA #7 B4 PF 2t i % & 17 [PMP14] -

(=) 8= Small Cell 4 B if 3 &2 & 45 ¥ - chpf F

BT STl A BRI ) AR A A 5 BRA TRl

(B6-51) »® 5 :
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TO (B U BLTI R RIS RRIPISUBL) A ip B30 e chip £ 7 6 * % & % X
Fodlo 47 en  SpFE R 0 2 RGPk SRR AR T D TR AR R R (E 3
1 R & T % XLt Incumbent BL G ATR o

THFHER HERATIIH] RO F) e BN &% don THREF %
ek SR YR A BRI R R RATT R AR L > B

BREES BT eRER > T RSN ATHLATOINA § AF 0

BACR o
T2(F 41 B L A7 F A DA #g(small cell)shr Epr ) ie BIns 5 FHE
FERD AR E AR PRSP RT DL > T URED kSRR

feEldp 4 2 SRR FA 40 BB o R AAE AR il

104k % - X017 5P F BERLD 55674

b
11L

TI(FH gzt “H WM E AT PRI H BAOPFERT) e BIFE @ i

Small cell 5Lk B end| 34 B 18 P T A 8 & iz

)
She
-

TR Lk SREER 0 B

EREAFL 104k T A FRPEE S S L RSP ) LAT
Syl @ oy e BRI g g AT T g R R B Sy g0 2
AR T B T4 (P - ek gE1) %0 L kRd
TR B A PEAT A & EPC d4p 4 anad ik > gl kR & T3 e
W £ a2 e pr A7 TAQEHE) > fipfd Case ¥ T3 en% @R ¢ 12 £
FISOF 24 > b dend § L ATepR T T3 e B L7 5542542

A
- °

TAGHZ w47 2 % Tl H BHT S 5 )0 BA # » i B 4y
wAR PR PR R R S AR AR R o F] L b ik g PR R Y
FEPER g E A BERRERD T3 T4 1 STD H 4 > &1 F i

4 o

2 TF LR ERLG 55 15

\*“
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* Scenario 2 ( sample 20times ) :
T Update '*\ ‘ e ()
- on date l\ Power off and A Evacuation complete Complete A

And sensed report . SR 3 observe and update to Channel change Il cell
LSAREIE By analyzer controller And observe Tl CE

P | Small cell
- g e R (g
LsAfEia Turn off A | — g -
command Small cell analyzer analyzer

o - 2 T3 T4

Incumbent Sensor

B 6-51: 3= 2 plhpru £l R

FTHRXR: AT FEH

FHER - L BT 2 R DRER(E 6-6) FHO I RFETERF L S
- s4z+ ~STD 5 1245 -
BEAR AR E ¢ % 0 Rpl Incumbent 12 & { ATF LR TE B hpER > (2 &

FlaRPBITHEREL? 52 - Fo o R Iz - AR L
55 12 ) AR apruig R E B EE - kR & Small Cell £ et s
(T) > Fla Ehah LR PP 4 b & 10 f) e #rid & ehfe  PFRAV £ 9700 &
T3 o3 a ¢ AL 5 Rl o L RRBYEEF T Ao 7 B M Small Cell
FH Y F R AP RS AAERER o &2 2014 £ % fF CORE+F 4%

FoLSAS @ skpru R By T SR LA 6-1
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£ 6-6: 8- RRES

Times TO T2 T3 T4 Total
1 0.608 5.6 54.2 0 60.408
2 0.537 10.2 55.3 0 66.037
3 0.574 8.2 59.9 0 68.674
4 1.199 5.1 59.3 0 65.599
5 0.535 4.7 19.7 20.2 45.135
6 0.589 5.2 19.8 13.2 38.789
7 0.568 5 19.9 17.7 43.168
8 0.539 5.3 55.8 0 61.639
9 1.385 14.3 19.7 14.8 50.185
10 0.531 7.9 60.4 0 68.831
11 1.068 12.8 20.6 15.8 50.268
12 0.531 11.8 48.8 10.5 71.631
13 1.013 12.4 59.5 0 72.913
14 1.282 4.8 19.9 20 45,982
15 0.547 4.7 49.5 9 63.747
16 0.566 9.8 56.7 0 67.066
17 1.299 4.7 20 13.8 39.799
18 0.588 5.4 21.6 17.9 45.488
19 0.548 11.1 19.7 14.6 45.948
20 0.539 6.1 19.9 19.6 46.139

avg 0.7523 7.755 38.01 9.355 55.8723
std 0.315252 3.281924 18.62217 8.314064 11.69596
max 1.385 14.3 60.4 20.2 72.913
min 0.531 4.7 19.7 0 38.789
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POCA_RHERAY LTE [ io% Rk 2 %G @ % & en® L RA TR =6

IR S et AR Y A S e 2.3-24GHZ 2 B RFR TG R K 4e
PMSE 2 §&/fFh £ 3%z M 279 % SR B TR+ E 4 2 cPath Losss

Fading ¥ ¥ i 40 4§ »<a; (Capacity):®= i o

(-) H-- 5 LTE | wre =k eNB

iR|3E 5F

4o T BT o SN - % 4 5 8 2.33~2.35GHz v % LTE-Small Cell 2 EPC
*oiperf FHBE- S0 PFERE T - 22 iperf kBIE - 5 eNB ki
(Throughput ~ Packet Loss Ratio ~ Jitter) > Downlink path #_7% eNB * 4] #* iperf
B 1% Traffic &&= % %p| £ eNB Downlink »zi; » ¥ = chpower % T 5 0
®AE LR E SRR B L 2R A ¥ & % G-NetTrack Lite 5 APP # 14 s
% RSRP £ RSRQ ~ SNR 13t

P 0 K4
I P :
1 _ k4
| uTP TP . ? uTe |
l ) & |
| g Switch ethl: EPC  etho: Switch
| I - 10.101.131.1  140.117.89.77 |
| -~
|
|
| UE1l |
| eNB |
| 10.101.131.6 |
|
2 [ '
|
: iperf '
|
: Twisted Pair |
|
: Uplink path |
| - Downlink path I
| |

W6-52: 8- - 5 LTE | sm% A3k eNB % #

TR AR AET P AR
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Blipg s

4ok 6-7~% 6-9 #77 o A0 F_p3E Downlink (35 _MCS: tm3 ~ Time : 60
s)» i % iperf A w|® % pik 5 = eNBl & QPSK » 16QAM £ 64QAM = #
Modulation 7 Bandwidth Capacity T 32> jp|3# QPSK # UE =1 Throughput £_
19.04Mpbs > RSRP #.-51~-52dBm > SNR { 28~30dB - Packet Loss ratio ¥_0% -
#3# 16QAM % UE =0 Throughput £_ 37.1Mpbs » RSRP #-51~-52dBm » SNR
. 22~28dB - Packet Loss ratio £_0% - |3 64QAM . UE > Throughput &_

90.72Mpbs>RSRP #.-52~-53dBm>SNR % 27~29dB - Packet Loss ratio #_0.032%-

A A s iperf PRI R AZ BART A L eNB T U 4h R drci 0 B

EE ST M LA TR o e 2 K% b 640AM A R T 3
T 1
0.004~0.015%¢t % = Q- #d=(Jitter) & 5 1.7ms 1T o & * 2 A F 2 €33 =

—‘L%o

% 6 -7 : eNB1 MCS Index : 9 (QPSK)

eNB downlink HTC 826 =+
Bandwidth : 20MHz
RSRP: -51~-52dBm SNR:28~30dB
(PHY data rate =19Mbps)
iperf Throughput Jitter | Lost packet | Total packet | packet loss ratio
1 19 Mbps 1.061 0 97088 0%
2 19.1 Mbps 0.931 0 97088 0%
3 19.1 Mbps 0.976 0 97088 0%
4 19 Mbps 0.892 0 97088 0%
5 19 Mbps 1.003 0 97088 0%
= 19.04 Mbps 0.9726 0 97088 0%
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% 6-8 : eNB1 MCS Index : 16 (16QAM)

eNB downlink HTC 826 = #%

Bandwidth : 20MHz

(PHY data rate =37Mbps)

RSRP: -51~-52dBm

SNR:28~30dB

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 37.3 Mbps 0.511ms 0 189275 0%
2 37.2 Mbps 1.307 ms 0 189275 0%
3 37.2 Mbps 0.659 ms 0 189275 0%
4 37.1 Mbps 0.624 ms 0 189275 0%
5 37.1 Mbps 0.422ms 0 189275 0%
= 37.1 Mbps 0.6336ms 0 189275 0%
% 6-9 : eNB1 MCS Index : 28 (64QAM)
eNB downlink HTC 826 =+
Bandwidth : 20MHz
RSRP: -52~-53dBm SNR:27~29dB

(PHY data rate =90Mbps)

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 90.8 Mbps 0.379 ms 280 461538 0.061 %
2 90.6 Mbps 0.208 ms 158 461538 0.034%
3 90.8 Mbps 0.214 ms 156 461538 0.004%
4 90.8 Mbps 0.103 ms 133 461538 0.029%
5 90.6 Mbps 0.145 ms 148 461538 0.032%
= 90.72 0.2098 ms 175 461538 0.032%
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() FHRETHBB%T # ¥ 2§33 4 (Path Loss) 2 % 7% (Fading) £ i

2

LR EREREY 0 23GHZ B R O ERRIA 0 FE R 2
B A  FHREARAT BT o F MR TR Y ASLA L B R
B AT R TXL WO & 7 ¥ o 3 st 5 -45dBm > TX2 Hi% LTE
e Fhsk o 3 B % 5 -60dBM e 3 i (XL XN) iR b L T s A B s

T W3es R BARTEAARLR R o g S F T IR R AL -

-~ At i)

e L

W6-53:R%% L5 H

FTHRXR: Ay A
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Blipg s

F %% 4o 6 54 477 0 4 ¢ F ME23GHZ AINH B LB L %
S HASWLOS] > Fd ¥ LR HERAE S PRRE > 28 ARLENE

Bl A %4 57 Atlogyo(d)#r18 | sbe i i1 1 f2[Gol05] -

PL(dB)=38.06+20.63l0g,o(d) ; d & #fcsder o by I chpedt

path koss from measared data, T3 Gha model and matab bett fit
M

Fatn lons [4E]
b E 5

a5
o
T

T 1 g ke Shogid

0

Bmedl 1 Dk 20 B Bexyd

™ L 1 : |
Q

estanse fom)

W6-54: AL ERES

TR &R Ay pH
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ﬂﬁﬁﬁ%?@%’%w@ﬁﬁéﬁﬂ%%ﬁ@LN%gawy@,ﬁ?

%Ee- BEF S ERLE k2 @435 % ¥ (fading) & R log-normal

o BHAEE L L 4.8390B > #Bﬁi*?é)ﬁ*kv’ W% 2 9.3dB 5 K o A E P4 7K

GRS STt

momalized PL data datribution
LA T T T T

[RH S | -1

a1 .S T

L1 ] i H -

(1718 1 -

W) 6 -55 : fading(log-normal distribution)

FTHRXR: AL FEH
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POC5 2% %% ¢ LTE - fm% sp o [ ch™ 45 £ Rl9 o il 326

e S TTC it B a5 5 3 F AR RGP DT g IR T
FoRAEF L Sl E b0 0 ke v H(UE)Z Rl 5 ik v

ZREHE APPSR I NI FTHELEEHETHEL S D@ ALHR T § (UE)
ﬁ#—&lﬁy%lﬁﬁ%i’i#§ﬁ$%?ﬁ%%%iﬁﬁ#?%$1%@’
doit Ak R AR PR 0 P R o L% R 1 i
T FRETRIE R ERIRFTRE  BFAPRYEF L 23
24GHz » st 1 ¢ * = B #F £ (4= Band 1 % 2300MHz~2320MHz -~ Band 2 3
2330MHz~2350MHz ~ Band 3 % 2360MHz-2380MHz) » ¢ * 45 & £ % 20MHz - +

BTGRP EHS 5 eNB R ¥ AR kAT A R4 5 4 UE et 4Rl o

(=) & 5 LTE | fme A=k eNB (i@ * % 4 )

iR|38 5

4o 6 -56 #ror 0 A P2k 3 #- LTE-Small Cell (7 EPC * iperf # 4 & % -
s PlER T A S E 4 iperf I PFRIE S S eNB i (Throughput ~ Packet
Loss Ratio ~ Jitter) » % eNB 1 #_ 3k % 2.33~2.35GHz > % eNB 2 #_3k %
2.36~2.38GHz » = 5 eNB §E3t % 270 = » UEL1 ~ UE2 e p= i * iperf ipl3# 7
FenMCS > @ o ks Seppower ki 00 A SAM SimEFREFEd > &

ERIEES S Rk
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B R

Twisted Pair

Uplink path
Downlink path

|

|

| 171.1.1.2 eNB Switc ethl: EpC  etho: Switch
| 10.101.131.6 10.101.131.1  140.117.89.77 |
| _

| »

l e

| -~

| UE == eNB

| 171.1.1.2 10.101.131.17

I

|

|

W656: 3 5 LTE /| dmre 3k eNB (8 * 7 FHEE) R #

‘f Kk - j\ﬁ"j B (&l E,@J.

R A %

i F_plE Downlink (38 _MCS: tm3 ~ Time: 605s) » & * iperf » %] § %
#3# 5= eNB1eNB2 7 QPSK-~16QAM £ 64QAM = & Modulation »Bandwidth
Capacity T 35> d >t 4 64QAM shpF iz EPC & ;2 I P¥ @ i 90Mbps ] 3|5 it
L8 Flm K H R G A iRk R AT B S B 30Mbps 0 & Lost
packet # ¢ i = < & Loss> M i3 FE i o 4ok 6 -10~4% 6 -12 #7710 B
eNB1 ;pl:& QPSK % UE ¢ Throughput £_19.1 Mpbs » RSRP #.-51~-52dBm >
SNR # 29~30dB - Packet Loss ratio #_0% > i#l:# 16QAM & UE 7 Throughput
%_ 37.18Mpbs » RSRP #-51~-52dBm > SNR # 27~30dB - Packet Loss ratio &_
0% - ipl3& 64QAM % UE 0 Throughput £_ 30.04Mpbs » RSRP % -51~-52dBm -
SNR . 22~28dB - Packet Loss ratio £_0.01292% -
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% 6-10 : eNB1 MCS Index : 9 (QPSK)

eNB downlink HTC 826 =+

Bandwidth : 20MHz

(PHY data rate =19Mbps)

RSRP: -51~-52dBm

SNR:29~30dB

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 19.1 Mbps 2571 ms 0 97088 0%
2 19.1 Mbps 0.853 ms 0 97088 0%
3 19.1 Mbps 0.895 ms 0 97088 0%
4 19.1 Mbps 0.994 ms 0 97088 0%
5 19.1 Mbps 1.099 ms 0 97088 0%
= 19.1 Mbps 1.2824 ms 0 97088 0%
% 6-11 : eNB1 MCS Index : 16 (16QAM)
eNB downlink HTC 826 =+
Bandwidth : 20MHz
RSRP: -51~-52dBm SNR:27~30dB

(PHY data rate =37Mbps)

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 37.2 Mbps 0.691 ms 0 189275 0%
2 37.3 Mbps 0.723 ms 0 189275 0%
3 37.2 Mbps 0.648 ms 0 189275 0%
4 37.1 Mbps 0.735 ms 0 189275 0%
5 37.1 Mbps 0.626 ms 0 189275 0%
= 37.18 Mbps | 0.6846 ms 0 189275 0%
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% 6-12 : eNB1 MCS Index : 28 (64QAM)

eNB downlink HTC 826 =+
Bandwidth : 20MHz
RSRP: -51~-52dBm SNR:28~30dB
(PHY data rate =30Mbps)
iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 30 Mbps 1.518 ms 0 153062 0%
2 30 Mbps 2.447 ms 13 153062 0.0085 %
3 30 Mbps 2.213 ms 35 153062 0.023 %
4 30.1 Mbps 1.136 ms 14 153062 0.0091 %
5 30.1 Mbps 1.555 ms 36 153062 0.024 %
= 30.04 Mbps 1.7738 ms 19.6 153062 0.01292 %

4r 6-13~4 6-15 #r7+ » 3 i & eNB2 |3 QPSK & UE 1 Throughput
¥_19.06 Mpbs » RSRP #.-51~-52dBm - SNR #_29~30dB - Packet Loss ratio %_
0% > ip|:& 16QAM o UE 1 Throughput £_ 37.2Mpbs * RSRP #.-51~-52dBm >
SNR % 29~30dB - Packet Loss ratio #_0% - |3 64QAM . UE &1 Throughput
%_ 30.04Mpbs > RSRP #.-52~-54dBm > SNR # 27~30dB - Packet Loss ratio &_

0.0026% -

FEAT A A I WHPREY X FRELTE e b3t i 4 F i<

% 0.02% 0 ST 2t F4E -
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% 6-13 : eNB2 MCS Index : 9 (QPSK)

eNB downlink HTC 826 =+

Bandwidth : 20MHz
(PHY data rate =19Mbps) RSRP; -51~-52dBm SNR:29~30dB
iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 19.1 Mbps 2.261 ms 0 97088 0%
2 19 Mbps 1.805 ms 0 97088 0%
3 19 Mbps 2.280 ms 0 97088 0%
4 19.1 Mbps 1.324 ms 0 97088 0%
5 19.1 Mbps 2.394 ms 0 97088 0%
= 19.06 2.0128 ms 0 97088 0%
# 6-14 : eNB2 MCS Index : 16 (16QAM)
eNB downlink HTC 826 =+
Bandwidth : 20MHz
RSRP: -51~-52dBm SNR:29~30dB
(PHY data rate =37Mbps)
iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 37.2 Mbps 0.473 ms 0 189275 0%
2 37.1 Mbps 1.858 ms 0 189275 0%
3 37.3 Mbps 1.736 ms 0 189275 0%
4 37.2 Mbps 0.437 ms 0 189275 0%
5 37.2 Mbps 0.456 ms 0 189275 0%
= 37.2 0.992 ms 0 189275 0%
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% 6-15 : eNB2 MCS Index : 28 (64QAM)

eNB downlink HTC 826 =+
Bandwidth : 20MHz
RSRP: -52~-54dBm SNR:27~30dB
(PHY data rate =30Mbps)

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio

1 30.1 Mbps 1.620 ms 14 153062 0.0091 %

2 30 Mbps 1.053 ms 0 153062 0%

3 30.1 Mbps 0.788 ms 0 153062 0%

4 30 Mbps 2.441 ms 0 153062 0%

5 30 Mbps 1.305 ms 6 153062 0.0039 %
= 30.04 1.4414 ms 4 153062

(=) & 5 LTE | fw%e A=k eNB (i¢ * 4p 45 £)

iRl E o

Y11 6-56 “7or 2 48 e EHET 0 A3k #- LTE-Small Cell <7 EPC * iperf
FFEHE - S48 PIERTA LI Iperf FERES S eNB vt
(Throughput ~ Packet Loss Ratio ~ Jitter) » % f~ 243 eNB 1 ~ eNB 2 §.3% Z_4p
e £ 2.36~2.38GHz » UE1 ~ UE2 = p#i¢ * iperf jp|3& 72 e MCS > &7 5 A
cepower kK L i 00 A SAW S FRFE Fla i S RS2 @t

o REE TR
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BlEE S

drd 6-13~% 6-15 #1571 » 2P F_p|zE Downlink (3% #_MCS:tm3 ~ Time:
605): & * Iperf 4 & # ¥ |35 5 = eNB1 22 eNB2 & QPSK~16QAM £ 64QAM
= #& Modulation =7 Bandwidth Capacity -T2 > d 3t & 64QAM rpFiz EPC
&% e pFigE OOMbps I 3@ L £ 88 Fla F ¢ 73 B i S HaO kiR AT
#-2x % i 30Mbps % Lost packet 7 € i = < £ Loss > m {3t F 4t e o
A eNBL1 /p|:# QPSK # UE s Throughput £_19.02 Mpbs>RSRP #-51~-52dBm>
SNR % 26~27dB > Packet Loss ratio #_0% > |3 16QAM . UE 1 Throughput
%_ 37.1Mpbs » RSRP #.-51~-52dBm > SNR % 27~28dB - Packet Loss ratio &_
0% - i3 64QAM 7% UE =0 Throughput #_ 30Mpbs > RSRP #.-51~-52dBm

SNR #. 28~30dB » Packet Loss ratio #_0.00858% -

4% 6-16 : eNB1 MCS Index : 9 (QPSK)

eNB downlink HTC 826 =+
Bandwidth : 20MHz RSRP: -51~-52dBm SNR:26~27dB
(PHY data rate =19Mbps)

iperf Throughput Jitter | Lost packet | Total packet | packet loss ratio
1 19.1 Mbps 1.179 ms 0 97088 0%
2 19 Mbps 1.208 ms 0 97088 0%
3 19 Mbps 0.962 ms 0 97088 0%
4 19 Mbps 1.108 ms 0 97088 0%
5 19 Mbps 1.458 ms 0 97088 0%

T2 19.02 1.183 ms 0 97088 0%
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% 6-17 : eNB1 MCS Index : 16 (16QAM)

eNB downlink HTC 826 =+

Bandwidth : 20MHz RSRP: -51~-52dBm SNR:27~28dB
(PHY data rate =37Mbps)

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 37.1 Mbps 1.480 ms 0 189275 0%
2 37.1 Mbps 0.545 ms 0 189275 0%
3 37.1 Mbps 2.042 ms 0 189275 0%
4 37.2 Mbps 0.666 ms 0 189275 0%
5 37.1 Mbps 0549 ms 0 189275 0%

= 37.1 1.0564 ms 0 189275 0%

% 6-18 : eNB1 MCS Index : 28 (64QAM)

eNB downlink HTC 826 =+

Bandwidth : 20MHz RSRP: -51~-52dBm SNR:28~30dB
(PHY data rate =30Mbps)
iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 30 Mbps 2.347 ms 6 153062 0.0039 %
2 30 Mbps 1.287 ms 20 153062 0.013 %
3 30 Mbps 1.272 ms 14 153062 0.0091 %
4 30 Mbps 2.023 ms 20 153062 0.013 %
5 30 Mbps 1.578 ms 6 153062 0.0039 %
= 30 1.7014 ms 13.2 153062 0.00858 %

284




40 6 -19~4 6 -21 #757 » A eNB2 ipl: QPSK % UE & Throughput £_
19.06Mpbs > RSRP #.-51~-52dBm > SNR % 26~227dB > Packet Loss ratio £_0%
B33 16QAM & UE 7 Throughput £_ 37.14Mpbs » RSRP #.-51~-52dBm > SNR
. 27~28dB - Packet Loss ratio £_0% > iBl:# 64QAM % UE = Throughput 2_

30.04Mpbs » RSRP #.-51~-52dBm » SNR 7% 26~28dB - Packet Loss ratio &_

0.00274% > &3 s L £ 8 P77 640AM ¥ § i = — & ¢hpacketloss > ¥

RA % FATE eNB It 2 4TS eNB § T4 4 o

% 6-19 : eNB2 MCS Index : 9 (QPSK)

eNB downlink HTC 826 =+
Bandwidth : 20MHz RSRP: -51~-52dBm SNR:26~27dB
(PHY data rate
=19.1Mbps)
iperf Throughput Jitter Lost Total packet loss
packet packet ratio
1 19.1 Mbps 1.981 ms 0 97088 0%
2 19.1 Mbps 1.147 ms 0 97088 0%
3 19.1 Mbps 1.027 ms 0 97088 0%
4 19 Mbps 0.998 ms 0 97088 0%
5 19 Mbps 0.986 ms 0 97088 0%
= 19.06 1.2278 0 97088 0%
ms
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% 6-20 : eNB2 MCS Index : 16 (16QAM)

eNB downlink HTC 826 = #%

Bandwidth : 20MHz RSRP: -51~-52dBm SNR:27~28dB
(PHY data rate
=37.1Mbps)
iperf Throughput Jitter Lost Total packet loss
packet packet ratio
1 37.1 Mbps 0.551 ms 0 189275 0%
2 37.2 Mbps 0.667 ms 0 189275 0%
3 37.1 Mbps 0.647 ms 0 189275 0%
4 37.2 Mbps 0.483 ms 0 189275 0%
5 37.1 Mbps 1.255 ms 0 189275 0%
= 37.14 0.7206 0 189275 0%
ms

% 6-21 : eNB2 MCS Index : 28 (64QAM)

eNB downlink HTC 826 = #%

Bandwidth : 20MHz
(PHY data rate =30Mbps)

RSRP: -51~-52dBm

SNR:26~28dB

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 30.1Mbps 1.520 ms 0 153062 0%
2 30.1 Mbps 1.640 ms 7 153062 0.0046 %
3 30 Mbps 1.027 ms 0 153062 0%
4 30 Mbps 1.030 ms 0 153062 0%
5 30 Mbps 1.851 ms 14 153062 0.0091 %
= 30.04 1.4136 ms 4.2 153062 0.00274 %
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PoC6_R B 2% B ¥ LTE | Jw%e b o &0 WIFi 2 & @ e 3 £ 0180 26

7]

4

PR RN SR SRR T I R T S N
A4 FPHA LTE & WiFi & shiB-R 081 g PlfR™ > 4 4
* M-@ﬁﬂ"@fréﬁ—gyi%a\l@ﬁ;f]giﬁ:;;tgg“g@? SCR A EAA B AT o AFiE
Fimi LTE 482 WIFi %3 R R B EEFIEEH 5 X ) 3 0P8
SRCNA KR R F o RECRA IS PN P R -

(=) WIiFi(#3 = 3 ¢ * .:ﬁz)a Small cell &£ % %5 ™ 2 252t (SINR)Z= 12

il PR 04 444 WIFI 82 0] moe Jhsb £ 35 2 R0 3= % SINR 47 1%
¢ * USRP-2030 17 4 4 Sy % & » TXL HCH WiFi > 3 s¢ 4 & % -19dBm » TX2
fiokk Small cell(§ + 4f i) » 5 5474 5 5 -12dBm > & K4 5% 5 20MHz - 1
HRE SHEHAFTR-EBRRBEAPE LS AP A L BN R S

Y@ 6 -57 #7177 o

Skl ;
"
JE0 Z
=y
fl" ) 9.54m )
FET HT

7.95m e | A

HET FET

B 6-57: s+xmida=z LB R 5

TR KR AFET R FEY

287



BRHER-HHTOT S 2 RS kER B FB T B

S At B AR BE(RL-R35)A A S BB ¥ - =9 WiFi 23U §

,

= = ¥z Small cell L -

W E Ry XA AR e B BERAER - Ap RS (0,1) 8

+ o FEES Up=l) o RIE 2R F S %S 0(p=0) > AL 3 2 fdE -

Aoz WiFi 2 Small cell 2% 538 2. T > Small cell ¥ WiFi s»cic B2

B F]p Bk L 4 P(Collision) 2 10%3] 50% ¢ & 275 4 gk T2 N

H

g

_{O, without collision
“|1, with collision

A2t 320t (SINR) &

—Swiri (watt) Swiri (watt) _
SINR_{SLTE (watt) *P + N (watt) *(1-P)}

Where,
N: Noise power + Noise figure
Noise power: K*T*B=(1.38e-23)*(300°K)*(20MHZ)=8.28e-14W/Hz=-101dBm/Hz

Noise figure : 3dB
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FER =T e T

Wi-Fi Transmit Power -19dBm
(USRP2930)
Small cell Transmit Power -12dBm
(USRP2930)
Wi-Fi Bandwidth 20MHz
Small Cell Bandwidth 20MHz
P(collision) 10%~50%
Noise power -101dBm
Noise Figure 3dB

BRI WSS > AoT BT o

—————

plcolan=d. 1 |
piz el 2
picoclaannyeid 3
pcolpn)edd |
Pl §
picollcan)eid
pieolasn)=1

1
] W

W 6-58:SINR & f A+ Sk

FRERAFETFEA
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d PR E %SRS VRERLT BT > Small cell $ WIiFi 2 »ca 8

B CDF k&7 AR FELT > FPCHEH AR DA FFL FHER B

3RS R R R T M F A RS s B A 1 SINR & &k - CDF

i#(80%) ¥ ix - T % > & X = (lower bound) 5 100%% 4 &4 [p(collision)=1] » #

+ = (upper bound) 3 & % # #id [p(collision)=0] -

EFAI* SINR ¥ i&— # & i i 7 £ (Channel Capacity) » 2 3\ 40 :
C =B*log,(1 + SINR) ;where B is Bandwidth

Bie &40 B o

T

picollision)=0.1
picollision)=0.2
plcollision)=0.3 [|
picollision)=0.4
picollision)=0.5 ||
picollision)=0
picollision)=1

450 500

W 6-59: L3 ERFA MoK

FHRAR AP AR
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% P(collision)=1 p¥ > capacity 7 80%7¥ i 3] 5Mbps(lower bound)
% P(collision)=0 F - capacity 7 80%7¥ i 3] 170Mbps(upper bound)

4o E AT e

P(collision) C(:;l:;::)‘l

0% 170
10% 155
20% 145
30% 30
40% 10
50% 7

100% 5

1t o Wi-Fi 2 Small cell &2+ %8~ > %ﬁc} SINR % Capacity 2. » 47 5% %

s ¥ H 1o sz
WRERRY e A SHEL 3T o
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(=) LTE/LAA 2 WiFi £ 48414 % 18

% % ,g’#—*‘ﬁu& KB P 2o 5 R %vjy‘;#ﬁujﬁgf?%”ﬁ f%?*—’ﬁ
B gt o RIFRG R ATV LEREESBERY A A A =

BRE T SRR P R S R TVWS FRAE  fEp T
PRI R ¥ F cidde o R o D T BARET C B IR 2 D
LRV ARTENERZRAERE AR ERE FLE T A RES
PR S 2P Ed > TDMA 84 e o b 802.22 22 CSMA 4] chip

Bedo 802.11af #-¢ 5 4 = % £ R AL

1. mfE

CSMA ] 802.11af § & if pl= i IDLE f54 &7 @4 7
TDMA ##]7802.22 £ 7 § &5 = BH® L W RILE - FREF I PP

'Q%] AARR ARG FERESRZIAEBIES B LE T

TDMA transmitter
idla
C5MA transmitter
TOMA receiver f x ) I
ls = =2 . all
CSMA receiver " ”— =i
[rp— = = |

W 6 -60 : Collision % 2 §#

FTHRXR: AP FEH
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2. Silent LBT

¥ 802.22 W § fx hfii e F15 3 4% LBT ik 3% 7 #rik

Ay o % @4 LBT ¢9802.11af i2 5 % € TQ%?] °

TDMA tramsmitber

C5MA transmitter

TOMA receiver e e e e e e — - = —— .

C5MA receiver

W 6-61 : Silent LBT & 4 5

FTHRR: 218 A

3. Unnecessary hopping

802.22 & - f superframe € 3 - £ oo frame ¥ 5 W p[1 &
& * "F,k * iR oo Fptpr 80211 WPl i 5 IDLE @ @ﬁ%] ' g H % 802.22
WEAR '_Fk' e I g p o ¢ % e channel o

P " f ]
[] v o . 4 Ll u 4 ¥ L & ¥ [ W
R P ——— - = - = = = = b 2 = = |

CFE sending

ramd1 Frame 23 | Frame 4-16

Supertrame

wnbie  FCH | DE-MAP  LUS-MAP UCD DCD  DLinlo

Eraeng T |

B 6-62:80222 diplikid —'ﬁ superframe 2 1‘#

FAKR AL R
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% 58GHz#EF p & £ LTE eptdx* LBT e84 > @ Hax @ X453 en

WIFI gt e £ 55 5 Rm H2birg S0 & e B ER A 1 retrofit 1= ;%3 4 LBT

R A RS LTE § 7 - 2 & LBT 4 4 peehfn T o

b2 IV Y

MARFFE M Flpt o b A7 Z R LB L p eRoaid s T #ﬁf?'ﬁ » ¥ FE e

2 8 ’}ﬁ&ﬁé‘,ﬁ;’ﬂ fe FRdF AL R o T B et > IR R - B SRR
ﬁ’lﬁ:“z‘t{ °

Gk oA PEEd TDMA L s - % 1% Busytone (‘21 1)

E WIFi 3B it 53 1395 inter-frame spacing <& /& » @ @] ) & 7 TDMA i st

3 70 3@ 13 EE transmission opportunity (TXOP) £ & 07 3% » R & B B F 4

e Tt T FAEF o LRI PEA N R FITRE AT BT o

« »e -

Framel Frame 23
APIA w J
L R RE ]

Vol hw Smis e e i
...... row v gar ave
L 2R 148 1 20us
2 13 45

W 6 -63 : TDMA 22 CSMA £ %1841

TR AR AT AR
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(2) - & LTE /| P2 fzk eNB & - 5 WIFi ch+ 3 8 P& s 2 47

? 0+ & MBN Lab 4-4f LTE Small Cell ¥2 WiFi &7 k4 B pF 4 UE eh+
BRI THARD L Z B4 WIFI £ Fraa s 27 F g5 &+ LWA(LTE-
WLAN Aggregation)sriplzg e » © ¥ 2 4 LTE#E %4 9P » %ﬁ“ d WIiFi # 12
F 2% i * L4 e Capacity » RIFFHCE EA P 24 1 A B LWA 2B 0 4B

6-64 =7 o

Carrierl (F1)

Yo
o, %
2
. Secondary
eNB (SeN
NorHdeal
Backhaul Q)

B 6-64 : 1 Bein LWA 7 H- W

FTHRER: 277 75U

¥ oebavipr OAl T 5 i2 7 LAA(Licensed Assisted Access) » i& # OAIl & =
T gz OAl + eNB g & » 3B LTE I+ 2 * Licensed Band £ Unlicensed
Band- Licensed Band =g & 5 2.6GHz>Unlicensed Band % 2.4GHz # 5.4GHz>

F R LTE fv Wi-Fi & 43 £ * Unlicensed Band > 4= ] 6 -65 #77+ °
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L R

W 6-65: 12 OAl & 59 iF LAA

FTHRR: 218 A

iPlE o

4o Bl AT 0 @ % & §_2.36~2.38GHz > #-i = Lepower 3K Z i 00 B
LTE-Small Cell 57 EPC * iperf # @ :% - &~ 4 - plzdi@ * — 2 = 4% Iperf &ip
% - & eNB @it (Throughput ~ Packet Loss Ratio ~ Jitter) » ¥ — 5 & #:f -
&b 2n WIFi(# * 2.4GHz) #%7%— % youtube g% & -

LR
- <\| I
— L 3 013 o L3 i3 }-7mer
e —— L \\
S Switch I\g itch |
eNB ethl: gpc  etho: Switd
10.101.131.6 10.101.131.1  140.117.89.77 |
S

-
UE2 X
\ g Twisted Pair

(« )) Uplink path
—————— Downlink path

W6-66: - o LTE -] % g =t eNB &2 - & WiFi ih7k i

FRXR: AT AW
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Blipg s

drd 6-22~4 6-24 #151 » 2P 2 Downlink (3% #_MCS:tm3 ~ Time:
60 s) > 1 * iperf & % g2 5 = eNB % QPSK ~ 16QAM £ 64QAM = 4
Modulation 7 Bandwidth Capacity T 32> jp|3# QPSK # UE =1 Throughput £_
19.08 Mpbs » RSRP #.-51~-52dBm > SNR { 26~27dB - Packet Loss ratio &_0% -
B3 16QAM % UE &1 Throughput £_ 37.16Mpbs » RSRP #.-52~-53dBm » SNR
& 27~28dB - Packet Loss ratio £_0% - |3 64QAM . UE > Throughput &_
90.56Mpbs’RSRP #-52~-53dBm>SNR . 28~30dB- Packet Loss ratio &_0.0366%-
B bR A AP LTE & % — 4o3f 8 > LTE 2 WIFi e @ @4 & £

B GEE TR

% 6-22 1 MCS Index : 9 (QPSK)

eNB downlink HTC 826 =+
Bandwidth : 20MHz RSRP: -51~-52dBm SNR:26~27dB
(PHY data rate=19.1Mbps)

iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 19.1 Mbps 1.076 ms 0 97088 0 %
2 19.1 Mbps 0.931 ms 0 97088 0%
3 19.1 Mbps 0.927 ms 0 97088 0%
4 19 Mbps 1.703 ms 0 97088 0%
5 19.1 Mbps 1.227 ms 0 97088 0%

= 19 .08 Mbps | 1.1728 ms 0 97088 0%
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% 6-23 : MCS Index : 16 (16QAM)

eNB downlink HTC 826 = #%

Bandwidth : 20MHz

RSRP: -52~-53dBm SNR:27~28dB
(PHY data rate=37.1Mbps)
iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 37.2 Mbps 0.419 ms 0 189275 0%

37.2 Mbps 0.665 ms 189275 0%

37.2 Mbps 1.920 ms 189275 0%

37.1 Mbps 0.522 ms 189275 0%

2 0
3 0
4 37.1 Mbps 0.566 ms 0 189275 0%
5 0
0

f
=
\n\

37.16 Mbps 0.184 ms 189275 0 %

% 6-24 : MCS Index : 28 (64QAM)

eNB downlink HTC 826 =+

Bandwidth : 20MHz
(PHY data rate=30Mbps) RSRP: -52~-53dBm SNR:28~30dB
iperf Throughput Jitter Lost packet | Total packet | packet loss ratio
1 90.5 Mbps 0.217 ms 65 461538 0.014 %
2 90.4 Mbps 0.279 ms 196 461538 0.042 %
3 90.8 Mbps 0.335 ms 367 461538 0.08 %
4 90.5 Mbps 0.220 ms 103 461538 0.022 %
5 90.6 Mbps 0.192 ms 117 461538 0.025 %
= 90.56 Mbps | 0.2486 ms 169.6 461538 0.0366 %
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N R 3248

(-) TaHEELEST (TVWS)

2R3 TVWS #a = 3 4] 0 2R3k p st 1934 #3132
(Communications Actof 1934) % 301 ~ 303 ~ 306 % 2. = » @R TH F 2
PREIFCCHFT SFCC 7y s - #HIPEP L BRT S 2E
B Y ETH S FEEFNRP LT SRR 2R IE RS R PR

B LATEARE SRR 0 RP L oF LR -

B2 T > FCC #1357 TVWS g # *Ed%“—% B B =R {7 p R 47
C.FRPart15 - m B g s % Kk # (Radio Frequency Devices) #fz2 - H @
AR B & (Television Band Devices » TVBDs) + 3 2 #jirih g1 0 45 5 %
15.701~15.717 w i % #7 £k % (White Space Device » WSD ) » &4 - ¢

FORARBRRA KA E A FUP BB FHELERE FRE2 G

ERERTH S EAIRF 5 2006 & & RT 772 Wireless Telegraphy Act
2006 (T A WTACt)> & & “HE R * Ry - HBF L K FFF g F 3
B R FEApE TR E o S8 TVWS SRge2 2R % g 5 WT Act % 8 if 5
RAR N B2 325 B34 > % 8 1% (3)~(4)~(5) 4 Ofcom &4 £ &5
TR g~ P20/ T o FHIET T IORDE A TURIFT LR
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PE2 = S5 A TR -

Ofcom i 5 + i $: 48 4137 The Wireless Telegraphy (White SpaceDevices )
( Exemption ) Regulations 2015 {7 gL p » ¢t - 24510 TVWS 3K # 5 4 » ¥ &
R Al L R TORLR X ’g —‘“ Lﬁqﬁo Fa P R F] &% Ofcom *> 2015 # 12 *

13 B TVWS JRA% - 2 miBe 5 37 5 ERBERRE B ALHE

‘ZE\

o powh Ofcom # LRl g AFHEE K2 FTHEp A kv g g

H AR g R

AT BRI PRSI R BRI T2 S 33~35 i g F
e > 2@ S TR RMTETRE o A4 TVWS £ 3 44
Fld 3BHREHS > pAIMH LT 2R HEIL o 3 F M IDA kg2
#1377 24 HP] Telecommunications ( Exemption from Sections 33,34 (1) (b)
and 35) (Amendment No. 2) Notification 2014 > & TVBDs 2. % # # i * 4p
¥Rz TAAEER ;¥ b TVBDs & Jf 56— 43k % % 3= (General Equipment
Registration » GER) +* 4 5% B r ¥z - % 2 RS LLHF T8 TR
FIE o IDA R FOREF I L F AT R 3 Y SRR B AR
*q‘:ﬁ +¥ ¥ (Services-Based Operator » SBO ) & {& 47 +# & 3 ¢ L7 1§ > IDA &
2014 & 11 » % 7 H o DR OEFER Y G ERL S F LG D
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